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ABSTRACT 

Introduced at the tail end of the twentieth century, mid-urethral slings (MUS) have established themselves as the premier 
global paradigm for the surgical correction of stress urinary incontinence (SUI) in women. Longitudinal evidence 
substantiates that the therapeutic outcomes of MUS align closely with historical benchmarks, including Burch 
colposuspension and autologous fascial slings. Even though minimally invasive modalities like urethral bulking agents are 
experiencing a surge in adoption, debates persist regarding the optimal MUS approach; while retropubic techniques offer 
enhanced long-term robustness especially in complicated presentations featuring intrinsic sphincter deficiency (ISD) or 
previous treatment failures transobturator tape (TOT) continues to see widespread clinical application due to exceptionally 
positive patient-reported outcomes.[1] Consequently, selecting the most appropriate surgical route necessitates a careful, 
individualized risk-benefit assessment, balancing the structural longevity of retropubic procedures against the excellent 
tolerability and satisfaction rates frequently associated with the transobturator approach in contemporary urogynecological 
practice. Furthermore, this article focuses on the surgical techniques per se and pathophysiology of stress urinary 
incontinence to provide a clearer explanation of the various operative procedures. 
Methods: This review article was written using a literature review of the PubMed database (2019-2026). It focuses on 
pathophysiology and surgical management of Female Stress Urinary Incontinence. 
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1. Introduction 

Defined as the accidental escape of urine via the urethral meatus, stress urinary incontinence (SUI) 

occurs when elevated intra-abdominal pressure typically induced by sudden physical triggers like laughing, 

coughing, or sneezing overwhelms the bladder's closure mechanism. [6] This phenomenon typically stems 

from anatomical deficits, namely compromised pelvic floor support or urethral sphincter dysfunction. 

Although SUI can manifest in men following prostatic interventions, it predominantly affects the female 

population, with vaginal delivery and prior pelvic operations serving as major predisposing factors. [2] Notably, 

because a significant social stigma remains attached to bladder control issues, many individuals hesitate to 

seek medical counsel. Consequently, the condition remains heavily underreported and underdiagnosed 

globally, even though it profoundly deteriorates patients' overall quality of life. Current operative modalities 

encompass anti-incontinence techniques such as retropubic urethropexies, autologous fascial slings, 
periurethral bulking injections, and synthetic midurethral slings (MUS). [5] Crucially, a comprehensive 

symptomatic assessment must precede any operative intervention. 

 

2. Pathophysiology of stress urinary incontinence 

Urinary control is preserved provided that the pressure closing the urethra remains greater than the 

pressure within the bladder. The overall functionality of this barrier depends on a combination of basal resting 

urethral pressure and the efficient transfer of intra-abdominal pressure during physical activity. This occlusive 

force is produced through a synchronized interplay involving the smooth and striated components of the 

urethral sphincter, the vascular plexus surrounding the urethra, and the mucosal lining. However, advancing 

age and depleted estrogen levels often trigger a decline in tissue compliance, diminished perfusion, and 

mucosal atrophy, all of which progressively lower the maximum closure pressure. During periods of increased 

intra-abdominal strain, the successful transmission of this pressure to the urethra is essential to prevent leakage, 

a mechanical transfer that relies strictly on the physiologically correct, orthotopic positioning and attachment 
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of the pelvic floor muscles and the pubourethral ligaments. [7] Following Bonney’s 1923 landmark paper, 

which blamed structural support failure for stress urinary incontinence (SUI), investigation into the root causes 

of the condition largely stalled for several decades. A major shift in understanding occurred in 1961 when 

Enhörning demonstrated that under normal conditions, urethral pressure consistently exceeds intravesical 

pressure during both rest and sudden abdominal impacts. He proposed that a concurrent rise in both areas 

occurs because abdominal pressure is distributed equally across the bladder, bladder neck, and proximal 

urethra, thereby reinforcing the sphincter's action. Crucially, this protective dynamic is only effective if the 

upper urethra remains properly situated above the pelvic floor; in women suffering from SUI, this proximal 

segment frequently exhibits funneling, effectively becoming absorbed into the bladder anatomy. Furthermore, 

anatomical distortions near the bladder neck—frequently resulting from pelvic organ prolapse or localized 

tissue trauma—alter the urethrovesical angle and cause the bladder base to drop. This structural misalignment 

disrupts normal pressure distribution, ultimately manifesting as incontinence, though impaired pressure 

transfer can also arise from tissue fibrosis secondary to previous surgical interventions or pelvic radiation, as 

well as habitual straining, obesity, and pelvic floor muscle laxity. In 1990, Ulmsten and Petros integrated these 

biomechanical principles into the "integral theory of female urinary incontinence," asserting that both stress 

and urgency symptoms could stem from a solitary anatomical defect involving a lax vaginal wall. This 

pioneering concept ultimately paved the way for the subsequent development of the first synthetic midurethral 
sling (MUS). [3] 

 

3. Surgical Management 

3.1 Synthetic Mesh Midurethral Slings 

Synthetic midurethral slings have become the most prevalent surgical option for treating female stress 

urinary incontinence (SUI) due to their impressive success rates and strong safety record. First implemented 

in the 1990s as a day-case procedure, this technique implants a monofilament polypropylene mesh under the 

urethra to offer mechanical reinforcement. Major medical organizations, such as the American Urogynecologic 

Society (AUGS) and the Society of Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction 

(SUFU), recognize this highly researched anti-incontinence operation as a primary standard of care. [11] 

Surgeons can utilize three distinct anatomical techniques to insert the sling, all of which are performed as 

outpatient procedures but necessitate temporary postoperative restrictions on physical activity. The retropubic 

method guides the mesh behind the pubic bone using a trocar, exiting through the suprapubic skin, whereas 

the transobturator approach routes the mesh arms through the obturator foramen and muscles to exit at the 

inner thigh. Alternatively, single-incision slings anchor the mesh directly into the obturator membrane through 

a solitary incision in the anterior vaginal wall underneath the urethra. 

When evaluating therapeutic success within the first year, retropubic and transobturator techniques yield 

comparable results; [12] however, the retropubic path demonstrate superior long-term outcomes regarding 

permanent symptom relief and lower rates of secondary interventions. [13] For instance, a massive population-

based study involving 92,524 patients revealed that the 10-year reoperation rate for recurrent SUI was merely 

2.6% for standard slings, excluding mini-slings. [14] Furthermore, clinical trials indicate that midurethral 

slings drastically outperform pelvic floor muscle training (PFMT), achieving notably higher 1-year subjective 

improvement (91% vs. 64%) and cure rates (85% vs. 53%). [15] Each surgical path carries distinct risks that 

necessitate shared decision-making with the patient. Retropubic slings are more frequently associated with 

hemorrhage, postoperative voiding dysfunction, or urinary retention, while transobturator slings present higher 

risks of neurological symptoms and recurrent SUI requiring repeat surgery. [4] 

As a minimally invasive alternative to the transobturator method, single-incision "mini-slings" eliminate 

external groin incisions by securing anchors directly into the obturator membrane via a single anterior vaginal 

wall incision. Although early versions of these mini-slings performed poorly and were removed from 

commerce, contemporary generations show long-term noninferiority to standard transobturator slings. [4] It is 

crucial to distinguish these anti-incontinence slings from transvaginal meshes used for pelvic organ prolapse, 

which are no longer FDA-approved. Various urological and gynecological associations support the use of 

polypropylene midurethral slings, and the FDA has affirmed their well-documented 1-year safety profile.[11] 

Despite this, mesh-related adverse events can still arise, including vaginal mesh exposure, urinary retention, 

pelvic pain, voiding difficulties, and erosion into the bladder or urethra. Population data from England 

indicated a 9-year sling removal rate of 3.3% due to these complications,[16] while a US study of 334,601 

patients tracked cumulative revision rates for exposure, pain, or retention at 6.9% after 10 years and 7.9% after 

15 years. [17] 
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Although slings dominate the US market for SUI treatment, their appropriateness for women planning 

future pregnancies is still debated due to fears that childbirth might disrupt the mechanism. Nevertheless, a 

recent meta-analysis of 381 patients over an average of 9.8 years showed no statistically significant differences 

in SUI recurrence (RR: 1.02) or reoperation rates (RR: 1.37) between women who gave birth post-surgery and 

those who did not. [13] Even with these encouraging findings, current medical guidelines still advise delaying 

the procedure until family planning is complete. Finally, while opting for a midurethral sling as a primary 

intervention is generally more cost-effective than undergoing PFMT or using a continence pessary, this 

financial benefit relies heavily on specific willingness-to-pay thresholds, further highlighting the necessity of 

individualized, patient-focused medical decisions. [4] 

 

3.2 The traditional open Burch colposuspension procedure 

Although several technical adaptations have been implemented since the original procedure was 

described by Burch, the fundamental surgical principles have remained highly standardized. The primary goal 

of the Burch colposuspension is to relocate the proximal urethra and bladder neck back into the intra-abdominal 

pressure field behind the pubic bone, which significantly enhances the transfer of pressure during physical 

strain. [3] Studies by Riss et al. demonstrate that this technique is unique in its ability to increase both the 

resting urethral closure pressure and the functional length of the urethra, explaining its long-standing track 
record of success. Additionally, consistent with Burch's initial findings, the elevation simultaneously corrects 

mild prolapse of the anterior vaginal wall. However, sufficient vaginal elasticity and depth are essential 

prerequisites for a successful outcome, demanding thorough preoperative evaluation, particularly in women 

who have undergone previous vaginal operations. 

During the operation, a transurethral Foley catheter can be used to dynamically adjust bladder volume. 

Keeping the bladder partially distended produces a useful visual light reflex at the upper margin of the 

retropubic space, which helps the surgeon identify the appropriate dissection plane, especially during 

laparoscopy. [3] Once the space of Retzius is opened, the bladder neck and the adjacent endopelvic fascia of 

the vagina are isolated, and the bladder is carefully swept medially from the surgical field. 

On each side, between two and four sutures preferably non-absorbable are passed through the vaginal 

wall.[8] Although certain publications, including a review by Smits-Braat, indicate comparable success rates 

of roughly 87% with either delayed-absorbable or permanent threads, permanent materials remain the 

conventional choice. The proximal stitches are anchored 2 to 3 cm lateral to the bladder neck, whereas the 

distal ones are positioned 2 to 3 cm lateral to the upper third of the urethra. These sutures must take a full-

thickness bite of the vaginal wall while strictly avoiding the mucosal layer. The free ends are subsequently 

anchored to the ipsilateral Cooper’s ligament. In order to avoid over-elevation, an assistant pushes the vagina 

upward by hand while the surgeon ties the knots loosely over Cooper's ligament without putting them under 

tension; by convention, the distal sutures are tied first. Proper space is confirmed when two fingers can be 

easily placed between the urethra and the pubic symphysis. To conclude the operation, a routine diagnostic 

cystoscopy must be performed to rule out any unrecognized bladder or ureteral trauma. [3] 

3.2.1 Laparoscopic Burch colposuspension 

By avoiding a large abdominal incision, the laparoscopic variant of the Burch colposuspension addresses 

multiple disadvantages associated with open laparotomy, leading to superior aesthetic results. More generally, 

utilizing a minimally invasive technique is associated with reduced hospital stays, faster healing, and a swifter 

return to baseline functioning. A Cochrane systematic review of 22 randomized controlled trials compared the 

effectiveness of both strategies. Although the majority of evidence points to similar therapeutic success, 

historical exceptions remain. For example, Su (1997) documented a clear superiority of the open procedure 

over laparoscopy (97% vs. 73% and 96% vs. 80%). On the other hand, Fatthy (2001) achieved comparable 18-

month success rates (88% vs. 85%) by employing an altered laparoscopic approach. 

Findings from the Cochrane analysis indicate that the laparoscopic route lowers patient morbidity, curtails 

blood loss, shortens the time a catheter is needed, alleviates postoperative discomfort, and noticeably decreases the 

risk of general complications (RR 0.74, 95% CI 0.58–0.96), even though it extends surgical time. [9] 

These discrepancies are largely driven by the specific surgical technique applied; the laparoscopic 

intervention only equals the open standard if it precisely mirrors its methodology. To illustrate, clinical trials 

demonstrate that applying two paravaginal sutures on each side yields better outcomes than a single-suture 

technique. Long-term monitoring indicates that subjective efficacy diminishes over time for both approaches, 

dropping from 67%–71% at half a year to 36%–52% at a decade. Economically, an assessment by Dumville 
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et al. revealed that while laparoscopy lacks cost-effectiveness during the first 6 months, it yields financial 

benefits when viewed across a 24-month timeline. [10] 

As a result, laparoscopic Burch colposuspension ought to be reserved for practitioners with advanced 

training and specialized endoscopic skills. Moreover, because of the limited definitive data regarding long-

term outcomes, this potential drawback must be thoroughly discussed with patients during preoperative 

counseling and documented in the informed consent. 

 

3.3 Autologous Fascial Slings 

Long before the advent of modern synthetic midurethral slings, autologous pubovaginal slings gained 

widespread popularity and acceptance during the 1980s. [18] This surgical technique involves harvesting a 

strip of the patient's own tissue typically from the rectus fascia or fascia lata and placing it beneath the urethra 

through the retropubic space to offer mechanical stabilization. While long-term success rates are similar 

between the two approaches, synthetic mesh options have become the dominant choice today, leaving 

autologous grafts to represent only a small fraction of all incontinence operations. [19] This shift in surgical 

preference is chiefly driven by the increased morbidity linked to harvesting the patient's fascia. Even so, 

autologous slings continue to be clinically vital for complex scenarios, including cases involving concurrent 

urethral diverticulectomy, urethrovaginal fistula repairs, or the removal of eroded synthetic mesh. [20] They 
also serve as an excellent alternative for patients suffering from stress urinary incontinence paired with a fixed, 

non-mobile urethra, as well as for individuals who prefer to avoid synthetic foreign materials entirely. 

In terms of efficacy, autologous fascial slings yield excellent mid-term results, boasting success rates 

between 87% and 92% at two to four years after surgery. [4] Moreover, data from a large population-based 

study involving over 1,200 subjects indicated that the ten-year reoperation rate for recurrent stress urinary 

incontinence sits at just about 4.5%. [14] Despite these strong outcomes, the practical use of fascial slings is 

hindered by donor-site complications from the tissue harvest a drawback completely avoided with 

manufactured synthetic slings. Roughly 10% to 15% of patients encounter graft-site issues such as localized 

pain, wound infections, seroma formation, or incisional hernias. [21] Furthermore, because this traditional 

method inherently generates a greater degree of urethral compression, patients face an elevated risk of 

experiencing postoperative storage lower urinary tract symptoms or needing a subsequent surgical release of 

the sling. [22] 

 

3.4 Urethral Bulking Agents 

As the least invasive procedural option for managing stress urinary incontinence, injecting urethral 

bulking agents provides a low-risk alternative that minimizes potential morbidity, even though its long-term 

effectiveness typically falls short of traditional surgical outcomes. This treatment pathway is particularly well-

suited for individuals who wish to avoid the extensive recovery times and risks associated with major surgery, 

those deemed unfit for standard operative interventions, or patients dealing with a return of symptoms after 

previous anti-incontinence operations. [23] 

Performed with the aid of cystoscopic visualization, this method utilizes the precise placement of 

biomaterials directly into the urethral connective tissues, effectively forming mucosal cushions that assist with 

urethral closure. The procedure offers excellent clinical flexibility, as it can be safely managed under sedation 

or conducted routinely right in an outpatient office setting. Practitioners currently have access to a variety of 

commercial bulking agents cleared by the US Food and Drug Administration (FDA), which feature distinct 

compositions such as calcium hydroxylapatite (Coaptite), pyrolytic carbon-coated zirconium beads 

(Durasphere EXP), cross-linked polydimethysiloxane (Macroplastique), and polyacrylamide hydrogel 

(Bulkamid). Although comprehensive literature reviews suggest that none of these specific biomaterials holds 

a clear therapeutic advantage over the rest, direct, head-to-head clinical trials comparing their efficacy remain 

unavailable. [24] 

Before choosing this treatment route, patients must be thoroughly advised that they face a higher 

likelihood of needing additional follow-up procedures for their incontinence when compared to individuals 

who choose a urethral sling. On the other hand, the side effects associated with bulking injections are generally 

mild; over a three-year period, the overall complication rate stands at 24%, which is notably lower than the 

44% observed in patients who undergo sling surgery. [25] When adverse events do occur, they most commonly 

present as painful urination, sudden urinary urgency, localized urinary tract infections, or a temporary inability 

to empty the bladder completely. 
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4. Conclusion 
The surgical management of female stress urinary incontinence (SUI) relies on a diverse toolkit of 

procedures, each balancing unique efficacy and complication profiles. Since their introduction in the late 1990s, 
synthetic mesh mid-urethral slings (MUS) have remained the global gold standard due to their high efficacy, 
favorable safety profile, and strong backing from prominent national specialty organizations. While retropubic 
and transobturator approaches demonstrate comparable therapeutic efficacy in the short term, the retropubic 
route tends to favor long-term success and superior durability, particularly in complex or recurrent cases, 
despite carrying an increased risk of hemorrhage or postoperative voiding dysfunction. Conversely, 
transobturator slings remain widely utilized due to high patient satisfaction, though they carry higher rates of 
neurological symptoms and reoperations for recurrent SUI. Current generations of single-incision "mini-
slings" have also emerged as noninferior, less invasive alternatives to the transobturator route. Traditional 
interventions like the Burch colposuspension—both open and laparoscopic—remain highly reliable options 
that optimize pressure transmission by repositioning the bladder neck and proximal urethra. Although the 
laparoscopic approach mitigates open laparotomy drawbacks by shortening hospitalizations and reducing 
overall complication rates, it demonstrates a statistically significant inferiority to the open method in long-term 
objective cure rates unless it strictly replicates the open technique. For complex scenarios such as concurrent 
urethral diverticulectomy, urethrovaginal fistula repair, or synthetic mesh erosion excision autologous fascial 
slings remain highly relevant and effective. However, their widespread adoption is limited by higher donor-
site morbidity from the graft harvest and a greater risk of lower urinary tract symptoms compared to synthetic 
options. Finally, for patients seeking to avoid invasive surgery, individuals with high surgical risks, or those 
with recurrent incontinence, urethral bulking agents offer the least invasive alternative. Although bulking 
agents present a lower risk of severe morbidity and minor complications, patients must be counseled that they 
yield lower long-term success rates and a higher probability of requiring secondary procedures compared to 
surgical slings. Ultimately, because long-term success metrics vary across these modalities and depend heavily 
on individual circumstances, the selection of the optimal surgical approach must be guided by advanced 
clinical expertise and individualized, shared decision-making with the patient. 
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