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Abstract
Introduction and hypothesis  Retropubic midurethral sling (MUS) placement is the gold standard for the treatment of stress 
urinary incontinence in the USA. The procedure can be approached from either a top-down or a bottom-up direction, but 
there is a paucity of contemporary data regarding outcomes between these approaches. The aim of this study was to provide 
updated clinical outcomes data.
Methods  This was a retrospective cohort study of women undergoing the retropubic MUS procedure alone or at the time 
of pelvic organ prolapse repair between 2010 and 2020 at a single academic medical center. The electronic medical record 
was used to extract demographic data, operative approach, and perioperative complications. The primary outcome was a 
composite incidence of any perioperative complication.
Results  Of the 309 patients analyzed, 140 (45.3%) underwent top-down and 169 (54.7%) underwent bottom-up retropubic 
MUS placement. Patients undergoing top-down MUS placement were more likely to be older (mean age 58 vs 54, p=0.02), 
have a history of diabetes mellitus (20% vs 8.9%, p=0.004), and have had a prior hysterectomy (27% vs 16%, p=0.02). They 
were less likely to have a concurrent anterior (p<0.001) or posterior repair (p<0.001). Patients undergoing the top-down 
procedure were less likely to experience sling exposure (p=0.02); complications in the two groups were otherwise similar.
Conclusions  The top-down approach to retropubic MUS placement was associated with lower rates of mesh erosion in this 
population of patients. Neither approach is associated with an increased overall risk of complications or de novo overactive 
bladder symptoms.
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Introduction

Recent studies estimate that nearly half of adult women 
experience stress urinary incontinence (SUI), with 13.6% 
undergoing surgical treatment during their lifetime [1, 2]. 

The incidence of patients undergoing primary SUI surgery 
is expected to rise with increasing patient awareness and 
education of treatment options for this common condition, 
which has detrimental lifestyle effects. Women diagnosed 
with stress incontinence tend to avoid social situations, 
limit their physical activity, have worse mental health, and 
have decreased sexual function, all of which contribute to a 
decreased quality of life [3–5]. The gold standard primary 
treatment option for women diagnosed with bothersome 
stress urinary incontinence in the USA is synthetic midure-
thral sling (MUS) placement. Although each type of MUS 
has benefits and risks, retropubic slings have the highest 
rates of both short-term and long-term efficacy and are used 
most commonly [6, 7]. The retropubic MUS procedure can 
be approached from either a top-down or a bottom-up direc-
tion, based on the initial trocar placement. In the top-down 
procedure, two needle trocars are inserted through small 
abdominal incisions and passed through the retropubic 
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space, exiting through the midline vaginal incision. The 
bottom-up procedure is the opposite, wherein the two nee-
dle trocars are inserted through the midline vaginal incision 
and passed through the retropubic space, exiting through 
the abdominal wall. These two approaches have historically 
been treated as equivalent, numerous systems exist in the 
marketplace for each, and the decision regarding approach 
has been a matter of surgeon preference.

A series of small randomized controlled trials published 
from 2004 to 2006 sought to determine whether compli-
cations with retropubic MUS placement were attributable 
to either the top-down or the bottom-up approach. These 
five trials, including 636 patients, looked specifically at out-
comes between the top-down Suprapubic Arch Sling Sys-
tem (American Medical Systems, Minnetonka, MN, USA) 
and the bottom-up Tension-free Vaginal Tape (Johnson and 
Johnson, New Brunswick, NJ, USA). A Cochrane Database 
meta-analysis found that the top-down approach was asso-
ciated with increased rates of voiding dysfunction, bladder 
perforation, and vaginal mesh exposures [8]. However, no 
additional trials have been conducted since the early 2000s, 
despite the training of hundreds of additional urogynecology 
subspecialists, the refinement of training and operative tech-
nique, and the appearance of more than a dozen new sling 
systems on the market. Prior trials also excluded procedures 
where concomitant prolapse repair was performed.

The aim of this study, therefore, was to provide updated 
clinical data to guide future treatment and training. Our first 
objective was to compare short-term and long-term out-
comes for these two approaches. Our second objective was 
to explore whether sling approach was associated with de 
novo symptomatic overactive bladder (OAB) and subsequent 
treatment of this condition.

Materials and Methods

This was a retrospective cohort study of women undergoing 
retropubic MUS procedure alone or at the time of pelvic organ 
prolapse (POP) repair between 1 January 2010 and 31 Decem-
ber 2020 at a single academic medical center with three fellow-
ship-trained urogynecology surgeons. This study was approved 
by the Institutional Review Board at the University Hospitals 
Cleveland Medical Center. Patients were identified for inclu-
sion using the Current Procedural Terminology code for MUS 
placement, 58278. A detailed review of the operative report 
was performed and patients undergoing concomitant onco-
logical or nongynecological procedures, transobturator MUS 
placement, or single-incision MUS placement were excluded. 
Patients who had incomplete data regarding the type of sling 
or surgical approach and patients with a history of neurogenic 
bladder were similarly excluded. A total of 438 patients who 
underwent MUS placement were identified and after records 

were reviewed, 309 patients were found to meet all study cri-
teria and have complete records. Patients who had a positive 
cough stress test in the office or demonstrated stress urinary 
incontinence on urodynamic testing were considered candi-
dates for sling placement. Concomitant POP repair was per-
formed in patients with symptomatic POP. Surgical approach 
was determined by individual surgeon preference, with one 
surgeon with a urology background preferring the top-down 
approach and two surgeons with a gynecology background 
preferring the bottom-up approach.

For each patient undergoing MUS placement, the elec-
tronic medical record was used to extract demographic data, 
operative approach, and perioperative complications. The 
primary outcome was a composite incidence of any periop-
erative complication, including postoperative urinary tract 
infection or pelvic hematoma within 90 days of surgery, 
failure of trial of void, sling exposure, sling lysis or need 
for repeat sling placement. Secondary outcomes included 
the incidence of de novo OAB symptoms defined as de 
novo urinary urgency with or without frequency, nocturia, 
and urgency incontinence occurring more than 90 days but 
before 1 year following the primary procedure and incidence 
of OAB requiring treatment with behavioral modification, 
pelvic floor therapy, medication, percutaneous tibial nerve 
stimulation, intradetrusor OnabotulinumtoxinA injection, 
or sacral neuromodulation. Additional demographic vari-
ables included in the analysis were: age, body mass index, 
mode of delivery, prior pelvic surgery, diuretic use, diabetes, 
preoperative OAB symptoms, presence of detrusor overac-
tivity on preoperative urodynamic testing, and concomitant 
procedures for hysterectomy or pelvic organ prolapse repair.

An a priori power analysis determined that we would need 
140 patients in each group to identify a 10% difference in 
complication rates with 80% power and an alpha-error of 5%. 
Descriptive statistics were expressed as median and interquartile 
range or mean and standard deviation where appropriate. Group 
comparison was performed using Wilcoxon rank-sum, Student’s 
t test, and Fisher’s exact test as appropriate. Multivariate logis-
tic regression was used to evaluate for independent predictors 
of sling-related complications and for de novo OAB. Variables 
with a p value of < 0.20 on univariate analysis were included in 
the multivariate model. A p value of <0.05 was considered to be 
statistically significant. Statistical analysis was performed using 
STATA version 14.1 (Stata Corp, College Station, TX, USA).

Results

Of the 309 women who underwent retropubic MUS place-
ment between 2010 and 2020, a total of 140 (45.3%) under-
went a top-down procedure and 169 (54.7%) underwent a 
bottom-up procedure. Table 1 displays patient demograph-
ics. Patients undergoing top-down MUS placement were 
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more likely to be older (mean age 58 vs. 54, p=0.02), have 
a history of diabetes mellitus (20% vs 8.9%, p=0.004), and 
have had a prior hysterectomy (27% vs 16%, p=0.02) than 
patients undergoing bottom-up MUS placement. Other 
demographic factors such as mode of prior deliveries, smok-
ing status, menopausal status, prior prolapse repair, prior 
sling, diuretic use, preoperative overactive bladder symp-
toms, and detrusor overactivity on preoperative urodynamic 
testing were similar between the two surgical groups.

Table 2 lists concomitant procedures performed at the 
time of MUS placement. Patients who underwent top-down 
MUS placement were less likely to have a concurrent ante-
rior (p<0.001) or posterior repair (p<0.001) compared with 
patients who had the bottom-up procedure. There were no 
significant differences found in rates of concurrent sacro-
colpopexy, uterosacral suspension, obliterative procedure, 
salpingectomy, and hysterectomy.

Table 3 shows perioperative complications. Complica-
tions in the two groups were similar, with the exception of 
sling exposures. Patients undergoing the top-down procedure 
were less likely to experience sling exposure (p=0.02), and all 
top-down exposures were classified as International Urogy-
necological Association (IUGA) category 2B (symptomatic 
vaginal exposures ≥1 cm). Exposures associated with the 
bottom-up procedure included IUGA category 2A, 2B, and 
3B complications. Short-term surgical outcomes and longer-
term urinary symptoms in the two groups were also similar.

Table 4 demonstrates the regression analysis for inde-
pendent predictors of sling-related complications and for 
de novo OAB. Concurrent anterior repair was associated 
with a higher risk of sling-related complications (aOR=1.43, 
95% CI: 1.16–1.97). Neither approach to retropubic MUS 
placement was associated with a higher complication rate 
(aOR=1.55, 95% CI: 0.71–3.38). For the secondary outcome 
of de novo OAB, vaginal delivery was associated with a 
decreased risk of OAB compared with cesarean delivery 
(aOR=0.31, 95% CI: 0.21–0.89), and being post-meno-
pausal was associated with a higher risk of de novo OAB 
(aOR=2.32, 95% CI: 1.07–5.36).

Table 1   Patient demographics

IQR interquartile range

Top-down, N=140 (%) Bottom-up, N=169 (%) p value

Age, median (IQR) 58 (48–68) 54 (47–65) 0.02
Body mass index 26.5 27.8 0.54
Mode of delivery – – 0.83
     Cesarean only 10 (7.1) 7 (4.1) –
     Vaginal only 97 (69.2) 119 (70.4) –
Both vaginal and cesarean delivery 33 (23.6) 43 (25.4) –
Current smoker 20 (14.3) 15 (8.9) 0.14
Post-menopausal 98 (70) 101 (59.8) 0.06
     Systemic hormone use 11 (7.9) 21 (12.4) 0.13
     Vaginal estrogen use 34 (24.2) 37 (21.9) 0.26
Prior prolapse repair 0 3 (1.8) 0.16
Prior sling – – 0.29
     Retropubic synthetic sling 10 (7.1) 6 (3.6) –
     Pubovaginal sling 0 1 (0.6) –
     Mini-sling 0 1 (0.6) –
Prior hysterectomy 38 (27) 27 (16) 0.02
Diuretic use 22 (15.7) 36 (21.3) 0.67
Diabetes mellitus 28 (20) 15 (8.9) 0.004
Preoperative overactive bladder symptoms 61 (43.6) 61 (36) 0.43
Detrusor overactivity on preoperative  

urodynamic testing
10 (7.1) 11 (6.5) 0.69

Table 2   Concomitant procedures

ASA American Society of Anesthesiologists, IQR interquartile range

Top-down, 
N=140 (%)

Bottom-up, 
N=169 (%)

p value

ASA class, median (IQR) 2 (1–3) 2 (1–3) 0.13
Anterior repair 13 (9.3) 79 (46.7) <0.001
Posterior repair 22 (15.7) 83 (49.1) <0.001
Sacrocolpopexy 17 (12.1) 31 (18.3) 0.13
Uterosacral suspension 13 (9.3) 13 (7.7) 0.38
Obliterative procedure 6 (4.3) 4 (2.4) 0.27
Salpingectomy 16 (11.4) 26 (15.4) 0.43
Concurrent hysterectomy 28 (20) 39 (23.1) 0.51
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Discussion

The aim of this retrospective cohort study was to explore 
whether patient outcomes differ depending on surgical 
approach to midurethral sling placement. Regarding our 
primary outcome of perioperative complications, we found 
that the only significant difference between the surgical 
approaches was a greater incidence of sling erosion and 
mesh exposure with the bottom-up approach. These vaginal 
exposures were also more likely to be greater than 1 cm.  
This contrasts with prior studies, which have shown higher 
rates of mesh exposure with a top-down approach [8–10]. 
This difference may be attributable to surgeon experience or 
technique, but prior studies have not suggested theories for 
their findings. Given that the top-down approach generally 
requires a larger dissection to allow a gloved finger to reach 
the pubic ramus, this dissection may result in improved tissue 
mobility and facilitate a tension-free closure that results in a 
lower rate of mesh exposure. However, the prior studies com-
paring complications of the two approaches included cases 
where only sling insertion was performed. The fact that in  
this study’s cohort nearly half of patients who underwent 
bottom-up sling placement had concurrent prolapse surgery 

likely contributes to the higher rate of mesh exposure. This 
is consistent with the regression data, which confirm an 
increased risk of complications with anterior repair. Indeed, 
the higher rate of mesh exposure noted with the bottom-up 
approach is more likely related to the higher rates of anterior 
repair in this group. Although different incisions are created 
for anterior repair and midurethral sling placement—and sur-
geons who perform these procedures concomitantly ensure 
separation of at least 1 cm between incisions—it is plausible 
that the presence of an additional incision on the anterior 
wall of the vagina could lead to an increased risk of mesh 
exposure in the future. This finding suggests that surgeons 
might consider avoiding MUS placement with concomi-
tant anterior repair and instead plan for staged procedures. 
While multiple studies have evaluated immediate postop-
erative complications in patients undergoing concomitant 
prolapse repair and MUS placement, the majority of these 
studies have endeavored to answer the question of whether 
prophylactic slings or native tissue repair are efficacious for 
treatment of possible occult stress incontinence, as these 
anti-incontinence procedures have known risks of compli-
cation [11]. Most report similar perioperative complication 
rates overall, although they were not powered for detecting 
differences in complications and did not report on long-
term outcomes including mesh exposures [12–14]. van der 
Ploeg et al. found that patients who underwent concomitant 
sling and prolapse procedures had a higher rate of mesh 
exposure, but did not stratify outcomes based on specific 
prolapse procedures. However, given that the majority of 
patients (between 86% and 92%) underwent anterior repair 
at the time of MUS placement, this data may corroborate 
our findings [15, 16].

There were no other significant differences in the inci-
dence of other complications and outcomes between the 
top-down and bottom-up surgical approaches, including 
urinary tract infection, peri-operative blood transfusion, 
pelvic hematoma, failed trial of void, therapeutic sling 
lysis, and second sling procedure. This also differs from 
the prior Cochrane meta-analysis, which found higher 
rates of voiding dysfunction and bladder perforation in the 
top-down approach. Analysis of our secondary outcome 
of de novo OAB post-MUS found no difference between 
the two surgical approaches. Of note, there was no differ-
ence in pre-operative OAB symptoms between the two 
patient groups. Further analysis of de novo OAB in the 
cohort found that after controlling for major risk factors, 
vaginal deliveries were protective against de novo OAB 
symptoms and post-menopausal status is associated with a 
higher risk of de novo OAB. This is consistent with studies 
that have shown that cesarean delivery is associated with 
OAB later in life [17, 18]. Vaginal delivery may be protec-
tive owing to avoidance of nerve damage associated with 
operative delivery or cesarean delivery. Another theory 

Table 3   Procedure outcomes

UTI urinary tract infection, OAB overactive bladder, UDS urody-
namic studies

Top-down, 
N=140 (%)

Bottom-up, 
N=169 (%)

p value

UTI within 90 days 19 (13.6) 28 (16.6) 0.5
Blood transfusion 3 (2.1) 0 (0.0) 0.09
Pelvic hematoma 2 (1.4) 2 (1.2) 0.61
Bladder perforation 5 (3.6) 6 (3.6) 0.6
Failed trial of void 21 (15) 19 (11.2) 0.18
Sling erosion 2 (1.4) 11 (6.5) 0.02
Sling lysis due to obstruction 1 (0.7) 2 (1.2) 0.57
Required second sling 2 (1.4) 2 (1.2) 0.588
Any de novo OAB symptoms 19 (13.6) 27 (16) 0.54
      De novo nocturia 6 (4.3) 7 (4.1) 0.06
      De novo urgency 11 (7.9) 11 (6.5) 0.54
      De novo frequency 8 (5.7) 14 (8.3) 0.96
      De novo urge incontinence 8 (5.7) 15 (8.9) 0.89
OAB symptoms resolved  

spontaneously
6 (4.3) 7 (4.1) 0.49

UDS performed postoperatively 17 (12.1) 20 (11.8) 0.49
De novo detrusor overactivity on 

urodynamic testing
2 (1.4) 8 (4.7) 0.14

OAB treated with medication 22 (15.7) 23 (13.6) 0.63
OAB treated with physical 

therapy
9 (6.4) 12 (7.1) 0.51

OAB treated with third-line 
therapy

3 (2.1) 6 (3.6) 0.31
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is that the tissue stress and remodeling associated with 
vaginal delivery and recovery could result in strengthening 
of the pelvic floor musculature. The decrease in systemic 
estrogen associated with the menopausal transition results 
in decreased elasticity and increased tissue atrophy. These 
effects on the musculature and connective tissue of the 
bladder and urethra contribute to higher rates of OAB in 
post-menopausal patients. Conversely, the use of systemic 
hormone replacement therapy or vaginal estrogen has been 
demonstrated to be protective against symptoms of post-
menopausal OAB [19].

Although this is the largest study to date comparing the 
different surgical approaches to retropubic MUS place-
ment, the inclusion of patients undergoing concomitant 
prolapse repair is both a strength and a limitation of this 
study. Although concomitant prolapse repair is frequently 
performed in patients undergoing MUS placement and it 
is essential to research outcomes for these patients, pro-
lapse repair also serves as a confounding variable, making 
it difficult to ascertain whether the differences between 
approaches are related to the approach or to the concomi-
tant prolapse repair. Other strengths of this study include 
the fact that it was sufficiently powered to detect differ-
ences in outcomes between the two approaches, the wide 
range of outcomes considered in the analysis, and the 

inclusion of only fellowship-trained urogynecologists at an 
academic medical center. We acknowledge that the study 
has several additional limitations, including bias inherent 
to the retrospective design and the impact of individual 
surgeon practice patterns on the results.

In conclusion, the top-down approach to retropubic MUS 
placement was associated with lower rates of mesh exposure 
in this population of patients undergoing MUS placement 
with or without concomitant prolapse repair. This result 
conflicts with the Cochrane meta-analysis of studies from 
the early 2000s, which found that the bottom-up method 
was associated with decreased complication rates, including 
mesh exposure [8]. Our study’s findings otherwise affirm 
that both techniques of retropubic MUS placement are asso-
ciated with similarly low complication rates, further support-
ing the clinical recommendation that surgeons proceed via 
the approach that is more familiar to them. Future studies 
evaluating the surgical outcomes of the top-down and bot-
tom-up approaches should consider a prospective design and 
follow patients for an extended period in order to evaluate 
longer-term outcomes of the two procedures. Future stud-
ies may also include new variables, such as operative time 
and cost, given the similar rates of postoperative complica-
tions between groups and the importance of a systems-based 
approach to clinical practice.

Table 4   Regression analysis 
for risk of complications of 
midurethral sling (MUS)

ASA American Society of Anesthesiologists, IQR interquartile range

Unadjusted OR (95% CI) Adjusted OR (95% CI)

Age per every 10 years 1.13 (0.98–1.37) 1.03 (0.73–1.43)
Mode of delivery 0.90 (0.54–1.51) –
Current smoker 0.60 (0.26–1.39) 0.68 (0.17–2.65)
Post-menopausal 1.03 (0.62–1.71) –
Prior prolapse repair 1.07 (0.09–12.03) –
Prior sling 3.89 (1.36–11.01) 4.01 (0.72–22.27)
Prior hysterectomy 1.23 (0.69–2.19) –
Diuretic use 0.51 (0.25–1.07) 0.54 (0.21–1.41)
Diabetes mellitus 1.21 (0.61–2.38) 0.51 (0.13–1.93)
Preoperative overactive bladder symptoms 1.05 (0.64–1.73) –
Detrusor overactivity on preoperative  

urodynamic testing
0.63 (0.24–1.83) –

ASA class, median (IQR) 1.05 (0.67–1.63) –
Anterior repair 1.68 (1.17–1.39) 1.43 (1.16–1.97)
Posterior repair 1.05 (0.63–1.73) –
Sacrocolpopexy 1.09 (0.57–2.10) –
Uterosacral suspension 1.38 (0.60–3.17) –
Obliterative procedure 2.21 (0.63–7.83) –
Salpingectomy 1.01 (0.49–2.06) –
Concurrent hysterectomy 1.26 (0.71–2.23) –
Top-down approach 1.10 (0.68–1.78) 1.55 (0.71–3.38)
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