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Abstract
Background: Our goal was to identify general risk factors 
associated with trocar bladder injury during a retropubic 
mid-urethral sling (MUS) placement and evaluate the effect 
of using the rigid catheter guide on cystotomy rates.

Methods: This is a retrospective cohort with nested case 
control study of 291 patients who underwent a MUS 
procedure between January 2002 and December 2012 at 
a single academic medical center. Logistic regression was 
used to conduct multivariate analysis to predict bladder 
injury.

Results: There was no evidence that any of the hypoth-
esized risk factors, including the use of the rigid catheter 
guide, were associated with a significant difference in rate 
of bladder injury during a retropubic MUS placement.

Conclusions: Eliminating the catheter guide from the 
operative procedure has the potential to reduce operative 
steps without necessarily increasing morbidity. This study is 
unable to detect small differences due to the low frequency 
of trocar injury and adjusting for covariates does not change 
these results. Therefore, further studies are needed confirm 
our conclusion.
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(MUS) has become the most common surgical meth-
od to treat stress urinary incontinence [2]. The first 
mid-urethral sling, the tension-free vaginal tape (TVT), 
was described by Ulmsten in 1996 [3]. Since then, many 
variations of retropubic and mid-urethral transobtura-
tor slings have been introduced.

Although MUS has high cure rates and low incidence 
of side effects, bladder perforation is a common intra-
operative problem encountered with the sling. Bladder 
injury is a common intraoperative complication of MUS 
placement as bladder perforation occurs in approxi-
mately 5% of retropubic sling placements [4]. Women 
with prior pelvic surgery for prolapse repair may be 
even more susceptible to bladder perforation during 
MUS sling placement [5]. When unrecognized or im-
properly treated, bladder perforation can result in the 
development of considerable consequences such as 
vesicovaginal fistulae. Patients may also exhibit symp-
toms such as long-lasting dysuria, de novo urgency, 
persistent urinary leakage, hematuria, recurrent infec-
tions, chronic pain, and voiding difficulties [6].

A rigid catheter guide can be used during MUS place-
ment to theoretically protect the bladder and urethra 
during trocar passage. A Foley catheter is used to place 
the catheter guide, which then deflects the urethra and 
bladder away from the trocar passage to reduce inju-
ry. 2D transperineal ultrasound demonstrates that the 
catheter guide displaces the bladder neck laterally by 
an average of 1.4 cm to either side. Since the lateral 
bony edges of the pubic rami are 3.6 cm apart, the blad-
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Introduction
Stress urinary incontinence (SUI) is the most com-

mon type of female urinary incontinence, affecting up 
to one out of three women [1]. SUI can be managed 
conservatively or surgically. The Mid-urethral sling 
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ger and brought through the previously made vaginal 
incision. A link to the instructions provided for Boston 
Scientific’s Lynx sling can be found below. 

(https://bsc i -prod2-or ig in.adobecqms.net/
content/dam/bostonscientific/uro-wh/sites/pfi/
physicianResources/vac/lynx_vac_pack.pdf).

Of note, patients with bladder injury underwent 48 
hours of bladder decompression with transurethral cath-
eter followed by an office voiding trail. Passing a voiding 
trail was defined as voiding > 50% of the initial instilled 
volume (i.e. > 150 cc when 300 cc instilled). 

All patients with trocar injury to the bladder were 
identified and compared to patients with no trocar in-
jury. Bladder perforations were recorded when the sur-
geon’s notes reported the passing of one or more tro-
cars through the bladder. Surgeries were primarily per-
formed by urogynecology fellows under the supervision 
of four fellowship trained female pelvic medicine and 
reconstructive surgery attending physicians. There was 
no notable difference in perforation rate between the 
different providers. Between the two groups, the num-
ber of patients with exposure to the trocar guide, prior 
sling surgery, and current systemic hormone replace-
ment therapy were compared for possible confounders. 
Finally, the administration of retropubic Marcaine (30 
cc per side) was compared between the cases and the 
controls to look for possible confounders with regard to 
trocar injury and post-operative voiding dysfunction. 

Demographics including age, body mass index, pari-
ty, smoking, preoperative prolapse stage, and histories 
of prior pelvic surgery were also recorded. Voiding trial 
in the hospital, duration of catheterization and hospi-
talization, persistent stress incontinence post-sling pro-
cedure, operative details, and adverse effects after the 
surgery were compared between the two groups.

Patients with trocar injury to the bladder were 
compared to those without bladder injury using a 
two-group t-test or nonparametric Kruskall-Wallis 
test for continuous variables and Chi-square or Fisher 
Exact tests for categorical variables. Chi-square was 
also used to compare rate of cystotomy between the 
group that used a rigid catheter and the group that did 
not. Multivariate analysis to predict bladder injury was 
conducted using logistic regression, variables with p < 
0.10 were included in multivariate analysis.

Results
Of the 291 patients who underwent a MUS proce-

dure, 155 cases utilized a rigid catheter guide while 
136 cases had not used a rigid catheter guide. Overall 
8% (23/291) of retropubic MUS procedures were com-
plicated by a bladder perforation. Of these 23 bladder 
perforations, 70% (16/23) had been in the rigid catheter 
group and 30% (7/23) had been in the no rigid catheter 
group. The overall rate of cystotomy was 10% (16/155) 
in the rigid catheter guide group and 5% (7/136) in the 

der neck cannot be displaced further laterally [7].

Manufacturer’s directions recommend surgeons use 
a rigid catheter guide inserted into a Foley catheter for 
the bottom-up approach [3]. However, the standard of 
care in many centers is to use the catheter guide for 
both the top-down and bottom-up approach. As trocars 
became smaller and bladder injuries became less 
severe, many centers started to abandon the catheter 
guide step during all retropubic MUS placement.

The intention of the catheter guide was to reduce 
bladder injury; however, we were not able to identify 
any published literature to validate this claim. On the 
other hand, two separate studies have suggested a 
rigid catheter does not necessarily reduce risk of trocar 
injury [8,9]. Bladder perforations can be debilitating to 
patients, especially if unrecognized. Therefore, given 
the number of women who choose MUS placement to 
treat their SUI, it is important to evaluate general risk 
factors and also the role of the rigid catheter guide in 
this popular procedure.

Methods and Materials
This was an institutional review board (IRB) ap-

proved retrospective cohort with nested case control 
study of 291 patients who elected to undergo a retropu-
bic MUS procedure for urodynamic stress or mixed in-
continence at an academic medical center between Jan-
uary 2002 - December 2012. These dates were chosen 
because half of the surgeons at our institute were using 
the rigid catheter for both the top-down and bottom-up 
retropubic MUS placements while others had stopped 
using the rigid catheter for all retropubic MUS place-
ments. Of note, most of the slings in this study were 
placed via the retropubic top-down approach (98%).

The mid-urethral sling was routinely performed at 
the University beginning in 2001, however the first year 
of cases was excluded to limit surgeon experience bias. 
The study population comprised of women who had a 
physical exam notable for stress incontinence and ure-
thral hypermobility and who had completed childbear-
ing. Women with known or suspected disease affecting 
bladder function (i.e. multiple sclerosis, Parkinson’s dis-
ease, spinal cord injury, etc.), women who were preg-
nant or desired to maintain fertility, women with histo-
ries of urethral diverticulum, women deemed medically 
poor candidates for abdominal surgery, and women ac-
tively undergoing chemotherapy or radiation treatment 
for malignancy were excluded from the study.

Each surgeon used the recommended technique for 
Boston Scientific’s Lynx sling. First a 1 cm incision was 
made in the epithelium at the mid-urethra as described 
by Ulmsten. Then the surgeon tunneled to the descend-
ing pubic ramus bilaterally. Next, stab incisions were 
made along the anterior abdominal wall 2 cm from 
the midline on either side. The trocar was then passed 
through the stab incision directly over the surgeon’s fin-
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able sample size of 291 patients, there was only 38% 
power to detect this difference. Given the low probabil-
ity of bladder injury (8%), a cohort of 864 patients would 
be needed to have 80% power to detect a significant 
increased risk of bladder injury with use of the catheter 
guide. Power was also limited to detect the observed 
increase in bladder injury with older age and prior sur-
gery.

In multivariate analysis, exposure to the rigid cathe-
ter guide was not associated with a significantly differ-
ent risk of bladder injury after adjusting for age, prior 
sling, or repair surgery (Table 3).

Discussion
Bladder injury is one of the more common intraop-

erative problems encountered with MUS placement. 
The rate of bladder injury has previously been reported 

no rigid catheter guide group (p = 0.12). There was no 
statistically significant difference between the trocar in-
jury group and the no injury group with regard to the 
demographic factors or with the use of the rigid cathe-
ter guide (Table 1).

Similarly, there was no statistically significant dif-
ference between the trocar injury group and no injury 
group in the operative variables such as concomitant 
surgery, retropubic Marcaine, total operative time, or 
blood loss (Table 2). With respect to postoperative vari-
ables, the no trocar injury group was more likely to un-
dergo and pass the voiding trial in the hospital (Table 2). 
The no trocar injury group was also more likely to have 
a shorter duration of catheterization and hospitalization 
while the trocar injury group was more likely to have 
persistent stress incontinence (Table 2).

Post hoc power analysis revealed that with the avail-

Table 1: Demographic characteristics of patients with trocar injury vs. no trocar injury.

Characteristics Trocar injury (n = 23) Mean (SD) No Trocar injury (n = 268) Mean (SD) p-value
Age (Year) 64.6 (13.6) 59.0 (13.0) 0.051

Body mass index (BMI) 25.8 (5.6) 27.5 (5.7) 0.175

Parity 2.5 (1.2) 2.8 (2.0) 0.630

 N (%) N (%) p-value
Smoking 2 (9%) 20 (8%) 0.700

Exposure to the rigid catheter guide 16 (70%) 139 (52%) 0.106

Hormone replacement therapy 8 (30%) 51 (19%) 0.104

Prior hysterectomy 13 (57%) 101 (38%) 0.076

Previous sling surgery 5 (22%) 25 (9%) 0.073

Table 2: Univariate analysis in patients with trocar vs. no trocar injury group.

Operative Variables Trocar injury N (%) No Trocar injury N (%) p-valuea

Concomintant surgery    

 Anterior prolapse surgery 7 (30%) 79 (29%) 0.923

 Posterior prolapse surgery 4 (17%) 52 (19%) 1.000

 Apical prolapse surgery 1 (4%) 13 (5%) 1.000

Hysterectomy 0 (0%) 7 (3%) 1.000

Retropubic Marcaine 20 (87%) 119 (75%) 0.184

Total operative Time-mean (SD) 114.5 (45.7) 111.2 (77.1) 0.204

Blood Loss-mean (SD) 112.0 (75.7) 117.3 (99.6) 0.793

Postoperative Variables
Postoperative sling erosion 0 (0%) 13 (5%) 0.609

Postoperative urinary retention 2 (9%) 17 (6%) 0.653

Need for sling tape release 0 (0%) 8 (3%) 1.000

New overactive bladder symptom 5 (22%) 73 (30%) 0.480

One or more UTIs 7 (30%) 47 (19%) 0.274

Postoperative reoperation 0 (0%) 11 (5%) 0.606

Passing voiding trial in hospital 3 (13%) 157 (71%) < 0.001

Persistent stress incontinence 4 (17%) 12 (5%) 0.040

Duration of hospitalization-mean (SD) 1.7 (0.6) 1.3 (0.5) 0.001

Duration of catheterization-mean (SD) 3.6 (2.5) 1.7 (1.7) < 0.001

aFisher’s exact test for categorical variables, Mann-Whitney test for continuous variables.
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foration [12]. In this study, older age trended toward an 
increased risk for trocar bladder injury, however, this 
difference was not statistically significant in multivari-
ate analysis (OR = 1.03, 95% CI = 1.0-1.07). A possible 
explanation for the trend we saw is that older patients 
are likely to have soft tissue atrophy putting them at a 
higher risk of bladder perforation.

Obesity is a risk factor that remains controversial 
with regards to intraoperative injuries. Some studies 
have reported more bladder perforation in non-obese 
patients [13]. However, Rafii et al. noted there is no 
relation between obesity and the occurrence of bladder 
injury [14]. There was no evidence of BMI having an 
effect on bladder perforation in our study.

The duration of catheterization (1.73 vs. 3.61 
days) and hospitalization (1.29 vs. 1.65) was longer in 
patients with trocar injury. This correlates with routine 
post-operative management of bladder perforation at 
our institution with catheter drainage for 24-72 hours 
postoperatively.

Chawla et al. reported that independent risk factors 
for persistent leak after sling procedures include the 
presence of co-morbid diseases, preoperative urgency 
or urinary incontinence, associated severe grade an-
terior prolapse, and the type of corrective procedure 
carried out (TVT or TOT) [15]. The trocar injury group 
in our study was more likely to have persistent stress 
incontinence (17% vs. 5%). This may be as a direct effect 
of trocar injury and bladder perforation or be related to 
the fact that in our study more patients had previous 
sling surgery in the trocar injury group. Patients who 
have had a failed sling in the past are at increased risk of 
persistent stress incontinence.

While this study has several strengths such as the in-
clusion of multiple surgeons to improve generalizability 
of the results, it also has limitations. Limitations include 
both being underpowered and information bias, as it re-
lies on accurate record keeping. While we hypothesized 
several risk factors associated with increased bladder 
injury, one cannot conclude that risk is increased with 
any of these risk factors due to limited sample size.

This retrospective cohort with nested case control 
study failed to show a statistically significant differ-
ence in bladder injury during a MUS placement when 
considering various risk factors such as rigid catheter 
guide use, patient age, and history of prior sling surgery. 
These findings are most likely due to insufficient sample 
size and further investigation of larger groups will be re-

to range from 0.7%-24% of cases and more recently re-
ported to occur in about 5% of retropubic sling place-
ments [4,10]. In our study, 8% of patients had bladder 
injury during MUS placement, which is similar to previ-
ous reports. The manufacturer recommends using the 
rigid catheter guide during trocar placement to reduce 
the rate of bladder perforation. Neuman et al. reported 
that using a rigid catheter guide may be an unnecessary 
step during MUS placement but because of the timeline 
of their data they were not able to rule out surgeon’s 
experience as a confounding variable [8]. To avoid this, 
our study was conducted over a much longer time peri-
od and the first year of data was eliminated to diminish 
experience bias. More recently, Miranne et al. also con-
cluded that using a catheter guide does not decrease 
the risk of cystotomy and may be an unnecessary step 
[9].

Results shown in Table 3 demonstrate that use of 
the catheter guide during MUS placement was non-sig-
nificantly higher among those with bladder perforation 
than among those with no injury in univariate (70% vs. 
52%, p = 0.106) and multivariate analysis (OR = 1.9, p = 
0.17). Also, the rate of cystotomy in the rigid catheter 
group was double (10% vs. 5%) the rate of cystotomy 
in the no rigid catheter group. Although these numbers 
are not statistically significant, most likely due to the 
limited sample size, a possible explanation for the high-
er number of bladder perforations in the rigid catheter 
group is that the urethra and bladder neck are fixed be-
tween the catheter guide and bony edge of pubic ramus 
and arch, and therefore, less likely to be deflected from 
the trocar. The rigid catheter guide requires a 16 french 
catheter for accommodation, which can cause local 
trauma. Therefore, routine utilization should continue 
only if risk reduction is confirmed.

Stav et al. reported previous colposuspension and 
previous cesarean section were all significant risk fac-
tors for bladder perforation. The authors implied that 
perforation might be the result of the adhesive disease 
to the back of the pubic bone [11]. Patients with prior 
hysterectomy or sling surgery were not significantly as-
sociated with bladder injury in our multivariate analysis. 
Also, there were no significant differences in preopera-
tive prolapse stage, prior surgery in the anterior, poste-
rior and apical compartments between the two groups.

Stav et al. also noted age had no impact on the risk 
of bladder perforation [11]. In contrast, McLennan et 
al. noted that the cystotomy group was on average 
younger and lighter than patients without bladder per-

Table 3: Multivariate Analysis of independent risk factors for bladder injury.

Variable Coefficient SE p-value Odds Ratio Lower 95% CI Upper 95% CI
Catheter guide 0.65 0.48 0.174 1.91 0.75 4.84

Age (continuous) 0.03 0.02 0.09 1.03 1.00 1.07

Prior sling or repair surgery 0.70 0.49 0.151 2.02 0.77 5.26
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quired to determine whether bladder injury rates vary 
with the use of the rigid catheter guide.
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