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Abstract

Application of vaginal mesh for stress urinary incon​tinence has seen widespread use due to its relatively short operative time in combination with its efficacy in treatment. However, vaginal mesh is not without its drawbacks and can lead to mesh erosion or extrusion, infection, dyspareunia, and recurrence of incontinence. Vaginal mesh complications can lead to feelings of hopelessness, isolation, shame, and emotional distress. Further​more, failure to identify and address these compli​cations in a timely manner can be permanently damaging to patient health. It is vital to be able to identify mesh complications early. Various imaging metho​dologies exist to visualize vaginal mesh placement and complications, including ultrasound, magnetic resonance imaging (MRI), and computed tomography (CT). This invited review paper focuses on the role of ultrasound in mesh visualization, mesh complication identification, and operative planning in the event of subsequent surgical mesh revision. Polypropylene mesh is echogenic on ultrasound, making it a useful tool for visualizing post-operative mesh placement. Transperineal, translabial and endovaginal ultrasound technique use has been described in the pre- and peri-operative setting to identify mesh in complex cases. Efficacy and practicality of CT and MRI use in identifying mesh in these cases is limited.
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Core tip: Pelvic ultrasound is a valuable and inexpensive technique that can be used both for localization, diagnosis, preoperative planning, and intraoperative guidance when dealing with mesh complications.
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INTRODUCTION

Urinary incontinence can affect up to 50% of women during their lifetime[1]. In the United States alone, the direct costs of urinary incontinence is upwards of $10 billion dollars per year with over $200 million directed towards surgical intervention[2,3]. Given the prevalence and cost of SUI, safe, effective and efficient treatment is imperative. Initial measures are generally conservative and involve some type of pelvic floor muscle training; other nonsurgical options include medical therapy, estro​gen therapy, and injectable urethral bulking agents[4,5]. Begun in 1995, application of vaginal mesh for stress urinary incontinence has seen widespread use in recent years given its relatively short operative time in combination with its proven efficacy[6]. 

Vaginal mesh, although the preferred method of surgical intervention for stress urinary incontinence, is not without its drawbacks. In 2011, the Food and Drug Administration (FDA) issued an updated statement warning of potential side effects of vaginal mesh including mesh erosion or extrusion, infection, dyspareunia, and recurrence of incontinence[7]. Since the FDA warning, several studies have focused on mesh side effects and their etiologies. 

Pain lasting longer than 6 wk after operation is seen in about 2% of patients[8]. A retrospective study of 127 patients in 2009 showed transvaginal taping to have anywhere from 4%-10% incidence of mesh erosion (most commonly with anterior compartment repair)[9,10]. Mesh contraction (decreased mesh surface area) is another postoperative complication that occurs in roughly 5% of patients[11], though there is some evidence to suggest that this is actually due to mesh folding during surgical placement[12,13]. Commonly posited is the idea that surgeon skill is the most important factor in limiting mesh complications[13-15]. Regardless, reoperation for postoperative complications secondary to mesh insertion is not uncommon and has been estimated to occur at a rate of about 10% with some studies having reoperative rates as high as 29%[9,16,17]. Repeat operations can be very involved, ranging from mesh removal to abdominal cystorraphy or partial cystectomy depending on the exact mesh complications[18].

While initial physical symptoms such as irritation, vaginal or pelvic pain, and dyspareunia may be the first manifestations of complications, vaginal mesh complications in particular can lead to feelings of hopelessness, isolation, shame, and emotional distress. Failure to identify and address these complications in a timely manner can be permanently damaging to patient health[19]. Given the common nature of mesh side effects and high rate of surgical intervention for them, it is increasingly important to be able to identify mesh complications early. Various imaging methodologies exist to visualize vaginal mesh placement and complications, including ultrasound, magnetic resonance imaging (MRI), and computed tomography (CT). This paper focuses on the role of ultrasound in mesh visualization, mesh complication identification, and operative planning in the event of subsequent surgical mesh revision. 

DIAGNOSTIC ULTRASOUND

Common postoperative complaints such as dysuria, pelvic pain, and dyspareunia are generally elicited through patient history and physical examination. Clinical examination alone, however, can be insufficient in determining mesh-related complications[20,21]. Polypro​pylene mesh is echogenic on ultrasound, making it a useful tool in visualizing post-operative mesh place​ment[22,23]. Ultrasound can aid in the visualization of the pelvic floor, sling positioning, and urethral length as well as mesh length and thickening[13,24-28]. Various different methods of sonography have been used clinically with some success including transperineal, translabial, and endovaginal ultrasound. It should be noted that there is very little data comparing these different sonographical approaches; as such, they will be described indepen​dently here.
Fleischer et al[29] describe in detail a combined 2D and 3D transperineal ultrasound technique that is effective in visualizing mesh location and length in uncomplicated TVT as well as urethral angulation or stenosis in patients with postoperative lower urinary tract symptoms. Eisenberg et al[12] described similar success with transperineal ultrasound using a combined 3D/4D technique in visualizing mesh location, anterior and posterior mesh arms, and mesh folding after abdominal sacrocolpopexy. Both transperineal techinques involve dynamic ultrasound, observing patients at rest and maximal Valsalva.

Denson et al[28] describe a 3D, endovaginal techni​que that allows for adequate visualization of mesh location. Their method is non-dynamic and has resulted in recognizable sonographical patterns associated with mesh contraction and extrusion allowing for easier identification of postoperative complications. Velemir et al[27] utilized a 2D endovaginal technique with dynamic imaging that also allowed for localization of mesh, measurement of mesh thickness, and identification of mesh contraction. Other endovaginal techniques exist including the use of 4D proprietary software to aid in imaging with similar reliability in observing mesh dimensions[13]. It should be noted, however, that endovaginal ultrasound can be insufficient when attempting to identify mesh arm dimensions depending on sling location[20]. 

Other sonographical techniques include introital and translabial ultrasound. Introital ultrasound - placing the transducer over the external urethral orifice - can be used to evaluate for urethral pathology as well as to image retropubic slings with or in place of endovaginal techniques[26,30]. A combined 3D/4D translabial ultrasound technique has also been shown to reliably assess mesh location, length, and erosion in transobturator slings. This technique may also have benefit in its ability to detail mesh arm location indirectly via measuring mesh axis rotation[31]. 

DIAGNOSTIC ALTERNATIVES TO ULTRASOUND

While clinical examination and ultrasound are the most commonly reported methods of postoperative assess​ment in TVT and TOT, an emerging modality involves the use of dynamic MRI (dMRI) in pelvic floor disorders. dMRI can be used diagnostically to evaluate preoperative pelvic floor dysfunction and pelvic organ prolapse[32]. A 2006 study of 20 women also showed MRI to be useful postoperatively in evaluating the retro​pubic portion of vaginal tape[23]. Most types of mesh used for TVT are not routinely visible on MRI, however, and require novel techniques such as MRI-visible mesh implants for visualization[33,34]. Thus, the role of MRI in postoperative evaluation is to provide information on the pelvic floor itself. dMRI can be used to locate the postoperative position of the Pouch of Douglas as well as any changes in vaginal axis[35]. dMRI also has utility in evaluating for prolapse recurrence and has been shown to be more sensitive than quality of life questionnaires in at least one study[36]. And while MRI is incapable of providing adequate mesh visualization, it has been shown to detect postoperative mesh inflammation and fibrosis due to increased intensity transmitted by these processes[37,38]. 

Routine evaluation of postoperative complications has not been recommended, however, and there is little data to suggest its use for this purpose[23,38]. Given the cost, time commitment, and potential for patient anxiety with dMRI when compared to sonography, it is a second line imaging modality. Presently, dMRI is useful only in the immediate post-operative setting to visualize the pelvic floor itself and is not used routinely in management of mesh complications. 

Presently there is no role for CT imaging in posto​perative evaluation of TVT or TOT and there is little to no literature discussing it (Figure 1). 

ROLE OF ULTRASOUND IN RE-OPERATIVE PLANNING AND INTRAOPERATIVE GUIDANCE

In addition to its diagnostic value, ultrasound can be used for operative planning in cases where mesh revision is necessary. For postoperative pain, con​servative therapy with short term rest and pain management is a reasonable first step in treatment. Intractable pain, however, may require more invasive measures. Mesh incision, mesh excision, or obturator/pudendal neurolysis are all options depending on the etiology of the pain[15]. The ability to determine mesh dimensions with ultrasound can be used to assist in surgical decision making preoperatively[20,27].

Staack et al[21] first used preoperative translabial ultrasonography to determine sling type, location, and erosion into the urethra or bladder in 51 patients with previously placed suburethral slings and post-procedural lower urinary tract symptoms. Static, dynamic, and 3D techniques in conjunction allowed for visualization of the mesh in relation to the bladder neck and urethra, location of the mesh arms, and identification of ure​thral hypermobility and kinking or potential mesh folding. Sling location and type were then all confirmed intraoperatively. Thus, ultrasound had a 100% sensitivity in identifying sling location regardless of sling type even in patients without previous operative reports.

Intraoperative ultrasound is the next step in impro​ving outcomes for patients with mesh compli​cations. Though the literature is sparse, two case reports indicate that sonography could prove invaluable in difficult cases. Rostaminia et al[39] describes a case report of levator ani repair for a 33-year-old woman with bilateral levator ani separation after childbirth. With the aid of intraoperative 3D endovaginal ultrasound, the torn ends of the levator ani muscles were tagged with hooks to allow for identification and manipulation. Similarly, Mukati et al[40] reports the case of a 71-year-old woman with previous TVT surgery presenting 3 years later with incomplete bladder emptying requiring self-catheterization. Given the severity of voiding dysfunction, the patient underwent sling revision. As the previous sling could not be identified intraoperatively, a combined 3D-2D endovaginal ultrasound technique was used to localize and resect the sling. The patient’s symptoms resolved after mesh resection. 

At our institution, we routinely use pelvic ultrasono​graphy for preoperative diagnosis and operative planning as well as intraoperative guidance. We have found that pre- and intraoperative ultrasound use can be used in complex revision cases to better delineate mesh position and thus reducing the extent of resection required to correct mesh-related complications. Given the high success rate of ultrasonographic visualization of mesh location as well as the comprehensive picture provided by this technique, translabial ultrasonography can be very valuable in preoperative planning and intraoperative guidance for surgical correction of suburethral sling. 

CONCLUSION

Meshes have a vital role in the treatment of female pelvic organ prolapse as well as urinary incontinence. Despite improvements in surgical techniques and available mesh products, there is still a significant morbidity associated with complications of mesh surgery; serious complications are not rare. These complications and their clinical manifestations such as pain, urinary tract dysfunction, or sexual dysfunction can be difficult to manage. Two major challenges are early recognition of complications and their subsequent surgical manage​ment. Delayed recognition leads to patient dissatis​faction; delayed surgical management may make cases much more difficult. As such, innovative techniques are desired in the armamentarium for surgeons treating these complications. Pelvic ultrasound is a valuable and inexpensive technique that can be used both for localization, diagnosis, preoperative planning, and intraoperative guidance when dealing with mesh complications.
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Figure 1  Pre-operative and intraoperative images of patients at University of lllinois-Chicagp Hospital with mesh complications. A: Anterior; B: Apical; C: Global recurrence after mesh repair.
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