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Abstract
Introduction and hypothesis A subset of neurologically
normal females void by efficient Valsalva, not detrusor
contraction. We determined the incidence of urinary
retention following midurethral sling (MUS) placement in
women that void by detrusor contraction versus Valsalva.
Methods Review of patients undergoing MUS insertion
between 2002 and 2009 for urodynamic stress incontinence
was performed. Women with concomitant pelvic surgery,
previous incontinence surgery, or preoperative incomplete
bladder emptying were excluded. Patients were divided into
two cohorts based on preoperative urodynamic findings—
those that voided with a detrusor contraction >10 cm of
water and those that voided by Valsalva.
Results One hundred seven patients were available for
analysis. The postoperative urinary retention rate was 22%
and 5% in the Valsalva and non-Valsalva groups, respec-
tively (p<0.05). Mean retention duration was 3 weeks for
each cohort (range 1–6).
Conclusions Women voiding by Valsalva are at increased
risk of urinary retention following MUS placement.
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Abbreviations
MUS Midurethral sling
SUI Stress urinary incontinence
PVR Postvoid residual
VLPP Valsalva leak point pressure
PdetQmax Voiding detrusor pressure at maximum

urine flow
PTFE Polytetrafluoroethylene

Introduction

Since its introduction in 1995 [1], the midurethra sling
(MUS) has emerged as a standard surgical treatment for
female stress urinary incontinence (SUI). Cure rates for SUI
following the procedure approach 90% [2–4]. While
complications associated with MUS placement are relative-
ly low [5], the development of postoperative urinary
retention is commonly encountered. Urinary retention after
MUS surgery has been reported in 2% to 40% of patients
depending on the definition used, duration of urinary
retention, technique of MUS placement utilized, and
whether or not concomitant pelvic surgery was performed
[6–8].

Previously published literature reported that a significant
minority of neurologically normal women empty their
bladder by Valsalva and not with a detrusor contraction
[9]. Limited data exist which specifically examine the risk
of urinary retention following MUS placement in women
who void by Valsalva versus those who void by detrusor
contraction. As a result, we retrospectively compared the
rates of postoperative urinary retention following MUS
surgery for treatment of urodynamic SUI in women that
void by detrusor contraction versus Valsalva.
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Materials and methods

Following local institutional review board approval, we
retrospectively reviewed the medical records of all women
who underwent MUS placement for urodynamic SUI from
2002 to 2009. Prior to surgery, each patient received a
thorough urologic history and physical examination. Addi-
tionally, all patients underwent preoperative video urody-
namic studies to confirm the diagnosis of SUI and to
determine voiding characteristics. Urodynamics consisted of
medium-fill cystometry with dilute contrast (30–50 mL/min)
via a 6-Fr double-lumen urethral catheter. A 6-Fr rectal
catheter was utilized to measure abdominal pressure. Valsalva
leak point pressure (VLPP) testing was performed in seated
and standing positions at incremental volumes of 150 mL and
then at capacity. The lowest VLPP (absolute pressure) was
recorded. Study exclusion criteria included previous SUI
surgery, concomitant pelvic surgery, and/or a preoperative
post void residual (PVR) urine volume >75 mL.

Patients were divided into two cohorts based on preoper-
ative urodynamically measured voiding characteristics—
those that voided with a detrusor contraction >10 cm of water
and those that voided by Valsalva. Similar to previously
published studies, we defined Valsalva voiding as generating a
urine stream via abdominal strain with a detrusor contraction
≤10 cm of water [10, 11].

All patients underwent MUS placement under general
anesthesia on an outpatient basis. Postoperative urinary
retention was defined as either the inability to void prior to
discharge from the day surgery recovery room or a PVR
urine volume >150 mL as measured by either bladder
ultrasound or straight catheterization. Retention patients
were given the choice of either performing clean intermit-
tent catheterization or having a Foley catheter placed.
Symptom updates and postvoid bladder ultrasounds were
performed on all patients at 1 and 6 weeks postoperatively.
Urinary retention patients were followed weekly until
resolution.

Information abstracted from medical records included
method of MUS placement (retropubic or transobturator),
previous or concomitant pelvic surgery, VLPP, voiding
detrusor pressure at maximum urine flow (PdetQmax),
preoperative and postoperative PVR urine volumes, and
surgical complications. Both cohorts were then evaluated
and compared with regards to the development of urinary
retention following MUS placement. Fisher’s exact test was
used to determine statistical significance.

Results

Three-hundred and fifty-four women underwent MUS
placement for the management of urodynamic SUI by one

of four specialty trained pelvic surgeons (RCO, MG, SK, or
JN). Two-hundred and forty-seven patients were excluded,
mostly secondary to concomitant pelvic surgery or a history
of previous SUI procedures. Of the 107 remaining women,
75 (70%) voided by detrusor contraction and 32 (30%)
emptied their bladder by efficient Valsalva. Preoperative
characteristics of the two cohorts are listed in Table 1. No
significant differences were noted between the two groups
with the exception, as expected, of PdetQmax.

Urinary retention was observed in four out of 75 (5%)
and seven out of 32 (22%) of detrusor contraction and
Valsalva voiding cohorts, respectively (p<0.05). Surgical
outcomes for the two cohorts stratified by surgical
technique are listed in Table 2. The mean duration of
urinary retention was 3 weeks (range 1–6) in both cohorts.
Sling lysis was required for two patients in each group. All
four lysed MUS were placed retropubically. No women
who voided to completion immediately after surgery
developed subsequent incomplete bladder emptying.

Reported surgical complications included de novo urge
incontinence (six out of 107, 6%), trochar bladder perfora-
tion (five out of 107, 5%), and femoral nerve injury (one
out of 107, 1%). All patients with de novo urge
incontinence were in the detrusor contraction cohort. All
cases resolved with either observation or anticholinergic
medication.

Discussion

MUS placement is a safe and efficacious treatment for
women with SUI [12]. The procedure may be complicated
by postoperative voiding dysfunction such as urinary
retention or incomplete bladder emptying. Our study
specifically examined the rates of postoperative urinary
retention in women that void by either detrusor contraction
or Valsalva.

Several previously published studies suggested an
association between inadequate detrusor contraction and
postoperative urinary retention after anti-incontinence sur-
gery. Bhatia and Bergman found that women with poor
detrusor contractility and Valsalva voiding that underwent
Burch retropubic urethropexy were at 12 times greater risk
of requiring prolonged postoperative catheterization when
compared to patients who demonstrated adequate preoper-
ative bladder contractions [10]. Weinberger and Ostergard
noted similar findings in women following polytetrafluoro-
ethylene suburethral sling placement [13]. Miller et al.
reported a 19% rate of urinary retention in women
undergoing pubovaginal sling placement who voided
without a detrusor contraction [11]. Lemack et al. evaluated
women who underwent either Burch colposuspension or
pubovaginal sling for SUI management. The results did not
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suggest that abdominal straining was associated with
postoperative urinary retention. However, in this study,
postoperative voiding dysfunction was defined as the need
for a catheter at any time beyond 6 weeks after surgery or
the need for sling/suspension takedown [14]. It is
conceivable that their conclusions would have been
different if the authors chose a less conservative definition
of postoperative voiding dysfunction. To our knowledge,
no other study has specifically evaluated the rate of
incomplete bladder emptying following synthetic MUS
placement in patients that void with or without detrusor
contraction. Our findings demonstrated that females who
voided by detrusor contraction had a 5% rate of urinary
retention after MUS placement as compared to 22% in the
Valsalva group (p<0.05).

The literature supports a direct correlation between the
preoperative uroflowmetry and postoperative voiding dys-
function. Duckett et al. found that a pressure flow rate less
than 15 mL/s, in addition to general anesthesia and voiding
without a detrusor contraction, were associated with early
postoperative incomplete bladder empting following sling
placement [15]. Wheeler and colleagues similarly reported
maximum preoperative pressure flow rates are a successful
predictor of passing an initial voiding trial after MUS
surgery [16]. Salin et al. published that a flow rate less than
15 mL/s, as well as increasing age, are independent
predictors of postoperative voiding dysfunction following
MUS surgery. Interestingly, of the patients in their study
who developed incomplete bladder emptying, 70% did not
exhibit any clinical symptoms [17]. This report differed
from most other studies, including ours, in that voiding

dysfunction was not based upon clinical symptoms but
rather on changes in postoperative urodynamic parameters.
Miller et al., however, reported findings contrary, noting
that preoperative peak flow rates were not associated with
developing urinary retention [11]. Our findings did not
suggest that preoperative peak flow rates were predictive of
postprocedural urinary retention.

The duration of retention in both the detrusor contraction
and Valsalva voiding groups was short—mean of 3 weeks
(range 1–6 weeks). Most of the cases of incomplete bladder
emptying were self-limited and did not require further
operative intervention. Two patients in each cohort under-
went sling lysis. All four patients undergoing sling lysis had
retropubically placed slings. The number of women in our
study is not sufficient enough to determine if Valsalva
voiding patients have better outcomes with regards to
bladder emptying following transobturator rather than
retropubic MUS. We have recently started recommending
that Valsalva voiding patients undergo pelvic floor physical
therapy/biofeedback prior to MUS placement in an attempt
to minimize the risk of postoperative urinary retention.
Further follow-up is warranted to determine if this
intervention is effective in preventing postoperative incom-
plete bladder emptying.

Several limitations exist with regards to our study. First,
MUS placement was performed by four different surgeons.
All surgeons saw patients from the same referral pool and
performed the same preoperative evaluations. Despite these
similarities, different surgical techniques and styles may
have introduced bias to the results. Secondly, our study was
retrospective in design. A randomized, prospective trial

Normal voiders (n=75) Valsalva voiders (n=32) p value

Retropubic 60 26

Unobstructed voiding (%) 57 (95%) 20 (77%)

Retention (%) 3 (5%) 6 (23%) <0.05

Transobturator 15 6

Unobstructed voiding (%) 14 (93%) 5 (83%)

Retention (%) 1 (7%) 1 (17%) NS

Total 75 32

Unobstructed voiding (%) 71 (95%) 25 (78%)

Retention (%) 4 (5%) 7 (22%) <0.05

Table 2 Midurethral sling out-
comes stratified by surgical
technique

Normal voiders (n=60) Valsalva voiders (n=28) p value

Mean age (years) 54 (33–83) 52 (41–85) NS

Mean pre-op PVR (mL) 24 (0–75) 19 (0–60) NS

Mean pre-op VLPP (cm H2O) 93 (40–153) 96 (45–170) NS

Mean pre-op PdetQmax (cm H2O) 28 (15–37) 3 (0–10) 0.02

Mean pre-op max flow rate (mL/s) 24 (12–35) 20 (9–31) NS

Table 1 Preoperative
characteristics

PVR postvoid residual, VLPP
Valsalva leak point pressure,
PdetQmax voiding detrusor
pressure at maximum urine flow,
NS not significant
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would be beneficial in determining the true rate of
incomplete bladder emptying in women who void by
Valsalva following MUS placement.

Conclusions

MUS placement is a widely successful treatment modality
for female SUI. Our findings suggest that Valsalva voiders
are at significantly increased risk of urinary retention
following MUS surgery when compared to women who
void by detrusor contraction (22% versus 5%, p<0.05).
Most cases are self-limited and do not require further
surgical intervention. Women that void by Valsalva should
be counseled about the increased risk of postoperative
incomplete bladder emptying prior to undergoing MUS
surgery.
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