[image: image1]Modification of bladder thermodynamics in stress urinary incontinence patients submitted to trans-obturator tape: A retrospective study based on urodynamic assessment

		ORIGINAL RESEARCH
published: 19 August 2022
doi: 10.3389/fbioe.2022.912602


[image: image2]
Modification of bladder thermodynamics in stress urinary incontinence patients submitted to trans-obturator tape: A retrospective study based on urodynamic assessment
Hui-Hsuan Lau1,2,3†, Cheng-Yuan Lai4†, Hsien-Yu Peng3†, Ming-Chun Hsieh3†, Tsung-Hsien Su1,2,3, Jie-Jen Lee3,5 and Tzer-Bin Lin6,7,8*
1Division of Urogynecology, Department of Obstetrics and Gynecology, Mackay Memorial Hospital, Taipei, Taiwan
2Department of Nursing, Mackay Junior College of Medicine, Nursing and Management, Taipei, Taiwan
3Department of Medicine, MacKay Medical College, Taipei, Taiwan
4Institute of Biomedical Sciences, MacKay Medical College, New Taipei, Taiwan
5Department of Surgery, Mackay Memorial Hospital, Taipei, Taiwan
6Institute of New Drug Development, College of Medicine, China Medical University, Taichung, Taiwan
7Cell Physiology and Molecular Image Research Center, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan
8Department of Physiology, School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan
Edited by:
Yang Liu, Hong Kong Polytechnic University, Hong Kong, SAR China
Reviewed by:
Michel Naser, Clinical Hospital of the University of Chile, Chile
Giovanni Palleschi, Medica San Carlo, Italy
* Correspondence: Tzer-Bin Lin, tblin2@gmail.com
†These authors have contributed equally to this work
Specialty section: This article was submitted to Biomechanics, a section of the journal Frontiers in Bioengineering and Biotechnology.
Received: 20 April 2022
Accepted: 11 July 2022
Published: 19 August 2022
Citation: Lau H-H, Lai C-Y, Peng H-Y, Hsieh M-C, Su T-H, Lee J-J and Lin T-B (2022) Modification of bladder thermodynamics in stress urinary incontinence patients submitted to trans-obturator tape: A retrospective study based on urodynamic assessment. Front. Bioeng. Biotechnol. 10:912602. doi: 10.3389/fbioe.2022.912602

Importance: It needs to be clarified whether trans-obturator tape (TOT)-enhanced urethral resistance could impact the voiding function.
Objective: Although TOT has been well-recognized for enhancing urethral resistance to restore continence in stress urinary incontinence (SUI) patients, whether the bladder’s voiding functions adapt to the TOT-enhanced resistance has not been adequately investigated. This study thereby aimed to investigate whether TOT impacts the bladder’s thermodynamic efficacy during the voiding phase.
Design: A retrospective analysis of urodynamics performed before and after TOT was assessed.
Setting: A tertiary referral hospital in Taiwan.
Participants: A total of 26 female SUI patients who underwent urodynamic investigations before and after TOT.
Main outcomes and measures: The area enclosed by the pressure-volume loop (Apv), which represents the work performed by the bladder during voiding, in a pressure-volume analysis established by plotting the detrusor pressure versus intra-vesical volume was retrospectively analyzed. Paired Student’s t-tests were employed to assess the difference in values before and after the operation. Significance in difference was set at p < 0.05.
Results: TOT increased Apv in 20 of 26 (77%) patients and significantly increased the mean Apv compared to the preoperative control (2.17 ± 0.18 and 1.51 ± 0.13 × 103 cmH2O-ml, respectively p < 0.01). TOT also increased the mean urethral resistance (1.03 ± 0.30 vs. 0.29 ± 0.05 cmH2O-sec/ml, p < 0.01) and mean voiding pressure (25.87 ± 1.72 and 19.30 ± 1.98 cmH2O p < 0.01) but did not affect the voided volume and voiding time. Moreover, the TOT-induced Apv increment showed a moderate correlation with the changes in urethral resistance and voiding pressure (both r > 0.5) but no correlation with changes in voided volume or voiding time. It is remarkable that the TOT-induced urethral resistance increment showed a strong correlation with changes in voiding pressure (r > 0.7).
Conclusion and Relevance: The bladder enhances thermodynamic efficacy by adapting the voiding mechanism to increased urethral resistance caused by TOT. Further studies with higher case series and longer follow-ups should assess whether this effect could be maintained over time or expire in a functional detrusor decompensation, to define diagnostic criteria that allow therapeutic interventions aimed at its prevention during the follow-up.
Clinical Trial Registration: (clinicaltrials.gov), identifier (NCT05255289)
Keywords: trans-obturator tape (TOT), stress urinary incontinence (SUI), thermodynamics, pressure-volume (P-V) loop, urodynamics
KEY POINTS

- Question: Do voiding functions adapt to the TOT-enhanced resistance?
- Findings: The bladder enhances its thermodynamic efficacy by adapting itself to the increased urethral resistance caused by TOT.
- Meaning: The bladder performs more work during voiding because of the TOT-increased resistance.
INTRODUCTION
Weakness in muscles and/or tissue surrounding the urethra results in stress urinary incontinence (SUI), which is characterized by involuntary urine leakage on effort, physical exertion, sneezing, or coughing (Abrams et al., 2003). SUI is a common problem affecting women’s daily life physically, socially, and hygienically(Abrams et al., 2002). Conservative treatment options, such as strengthening the pelvic floor musculature (Sahin et al., 2022) and bladder training (Kaya et al., 2015), are prescribed for SUI patients. In cases where conservative therapy has failed, a mid-urethral sling is a preferred recommended treatment option (Medina et al., 2017). In 1996, the first mid-urethral sling, tension-free vaginal tape, was launched (Ulmsten et al., 1996), and subsequently, the trans-obturator tape (TOT) was developed in 2001 (Schimpf et al., 2014). TOT exhibits a satisfactory cure rate and relatively reduced invasiveness (De Leval, 2003; Waltregny et al., 2008); therefore, it has increasingly been accepted as a treatment of choice worldwide during the last decade (Huang et al., 2018).
TOT positions a narrow band of synthetic tape under the urethra (Hsiao and Kuo, 2021), and, together with the scar tissue growing after the sling implantation, the tape adds an exogenous urethral resistance that provides urinary continence during bladder distension (Roumeguère et al., 2005; Atis et al., 2009). However, whether the bladder adapts to the TOT-enhanced urethral resistance by modifying its functions has not yet been investigated (Asıcıoglu et al., 2014; Ahn et al., 2015; Natale et al., 2019a).
In fact, to our best knowledge, there are no studies reporting outcomes on thermodynamic efficacy of the bladder after the TOT procedure. Thermodynamic efficacy has been already investigated in human physiology as the expression of the work sustained by tissues. Thus, for the heart, it has been demonstrated that the ventricular function pressure-volume analysis (PVA) is informative of its thermodynamic efficacy (Suga, 1979). Recent experimental data have shown that this principle is also applicable to the bladder, showing that by calculating the PVA during cystometry and pressure-flow studies, it is possible to assess detrusor muscle thermodynamic efficacy (Peng et al., 2020). Therefore, this study aimed to assess whether bladder thermodynamic efficacy changes after TOT in response to the increased urethral resistance, using the PVA during “urodynamic investigation.”
METHODS
Patients
This study was reviewed and approved by the ethics committee of Mackay Memorial Hospital, Taipei, Taiwan, which waived the requirement for informed consent (20MMHIS410e, 2021/03/08) and was registered on ClinicalTrials.gov (NCT05255289). Pressure-flow studies of 30 female SUI patients (<70 years old) who underwent a TOT procedure following Delorme’s description of the obturator route (Delorme, 2001) in the Mackay Memorial Hospital were retrospectively reviewed. Patients diagnosed with pelvic organ prolapse, showing preoperative storage symptoms other than SUI, such as altered bladder sensation or increased daytime urinary frequency, and those unable to return for post-operative follow-up during the first 3 months were excluded from this study. None of these patients reported post-operative complications that could affect the result of urodynamic investigations. Four patients whose urodynamic data did not shape complete pressure-volume loops were excluded. Thus, there were a total of 26 patients in the statistical analysis.
Pressure-flow study and pressure-volume analyses
Protocols of cystometry basically complied with the guidelines of the International Continence Society (ICS) (Schafer et al., 2002; D’Ancona et al., 2019), and all the cystometric studies were performed by the same person. In brief, a multi-channel urodynamic study, in which warm saline (37°C) was infused (80 ml/min) into patients’ bladders, was recorded (MMS UD-200, Medical Measurement System, Enschede, Netherlands) and analyzed (Biopac MP36, Biopac Systems, Santa Barbra, United States) using computer systems. In particular, the urodynamic data of patients were obtained from a single urodynamic session but more and repeated tests have been performed to confirm the outcomes in those with uncertain results. The vesical pressure (Figure 1A Pves), abdominal pressure (Pabd), detrusor pressure (Pdet), urethral flow (Flow), voided volume (Vvod), infused volume (Vinf), and intra-vesical volume (Vive) were recorded online, and the mean voiding pressure (Figure 1B Pv, the mean Pdet during fluid emission), the voided volume (Vv, the volume evacuated by the bladder), the voiding time (Tv, the time of fluid emission), and the mean voiding resistance (Rv, calculated by Pv/(Vv/Tv)) were analyzed off-line. Derived from the cystometry (Figure 2A), the PVA of voiding cycles was established by plotting Pdet versus Vive (Figure 2B) (Peng et al., 2020; Peng et al., 2021). Comparable to cystometry, orthogonal projection of the top trajectory onto the abscissa represented the voided volume (Vv) of a voiding cycle, and the trajectory-enclosed area (Apv) was analyzed using an image-processing program (ImageJ, LOCI, Madison, WI, United States). Although cough and Valsalva tests markedly interfered with Pves and Pabd, a previous publication (Lee et al., 2021) and our data (Figure 1A) demonstrated that these tests showed little effect on the Pdet in the cystometry. Moreover, our data discovered that cough and Valsalva maneuvers did not significantly affect the PVA trajectory. In addition, cough and Valsalva tests were carried out during bladder filling without effects on voiding dynamics. Therefore, cystometry data of SUI patients who underwent stress tests (coughs and/or Valsalva) were pooled together with those without test(s).
[image: Figure 1]FIGURE 1 | Pressure-flow study and derived voiding parameters. (A) representative cystometry tracings showing the vesical pressure (Pves), abdominal pressure (Pabd), detrusor pressure (Pdet), urethral flow (Flow), voided volume (Vvod), infused volume (Vinf), and intra-vesical volume (Vive). Although, coughs (arrows) and Valsalva maneuvers (triangles) induce marked fluctuations in the Pves and Pabd, they exhibit low effect on the Pdet. The Pdet, Flow, Vvod, Vinf, and Vive marked by the red bar at the bottom are showed using a faster time-base below. (B) derived voiding parameters including the mean voiding pressure (Pv), the voided volume (Vv), and the voiding time (Tv).
[image: Figure 2]FIGURE 2 | Pressure-flow/-volume analyses of a voiding. (A) a representative cystometry of a SUI patient. Arrows on the top indicate coughs. Pves is the vesical pressure, Pabd abdominal pressure, Pdet detrusor pressure, Flow urethral flow, Vvod voided volume, Vinf infused volume, and Vive is intra-vesical volume. (B) a pressure-volume analysis established by plotting the Pdet versus Vive. The trajectory of pressure-volume data moves counterclockwise and shapes an enclosed loop representing a voiding cycle. Four phases are identified in the pressure-volume loop, namely (Abrams et al., 2003) filling (F) (Abrams et al., 2002), iso-volumic contraction (IVC), (Sahin et al., 2022), emission (E), and (Kaya et al., 2015) is iso-volumic relaxation (IVR). Orthogonal projections of the top and bottom trajectories onto the abscissa represented the voided and infused volumes of a voiding cycle. Although coughs induce marked fluctuations in the vesical and abdominal pressure in the cystometry, they exhibit low influence on the pressure-volume trajectory.
Statistical analyses
All data in this study were expressed as the mean ± SEM. The difference in values between groups was assessed using paired Student’s t-tests. Significance in difference was set at p < 0.05.
RESULTS
Database of patients
The 26 female patients eligible for the study were aged 54.59 ± 1.27 years. Urodynamic evaluations were respectively carried out at a mean of 52.84 ± 20.29 days before and 177.80 ± 23.26 days after the TOT surgery. No patients reported voiding symptoms before being submitted to the post-operative urodynamic assessment.
Pressure-flow/volume analyses
In the cystometry, bladder filling was carried on until patients reported a desire to void (Figure 2A). The PVA, demonstrated the trajectory of pressure-volume data moved counterclockwise and shaped an enclosed loop representing a voiding cycle (Figure 2B). The following four phases were identified in a loop (Abrams et al., 2003): filling (F, from the beginning of filling cystometry to the voiding)—an increasing Vive together with a slightly but progressively elevated baseline Pdet (Abrams et al., 2002); isovolumic contraction (IVC, from the voiding contraction onset to the beginning of the urine emission)—the bladder contracted without fluid expulsion, which resulted in an abruptly elevated Pdet with a nearly constant Vive (Sahin et al., 2022); emission (E, from the beginning to the end of fluid emission)—a plateau Pdet that was slightly elevated at the end of this stage with a marked Vive decrease (Kaya et al., 2015); and isovolumic relaxation (IVR, from the end of emission to the end of bladder relaxation)—the bladder relaxed without fluid expulsion that resulted in a marked Pdet decline with an almost constant Vive.
Trans-obturator tape increases the loop-enclosed area
The potential impact of TOT on the thermodynamic efficacy of bladder voiding was investigated by comparing the area enclosed by the trajectory (Apv) in the pre- and post-operative PVA that represents the work of a voiding cycle (Peng et al., 2020). The PVA loops derived from the pre- (Figure 3A PRE) and post-operative (Figure 3B POST) pressure-flow data revealed an elevation of the upper border of the loop as the result of an increased Apv with respect to the preoperative value (Figures 3C,D). The TOT-increased Apv was confirmed by the summarized data in most patients (20/26, 77%, Figure 3E), and it significantly increased the mean value of Apv compared to the preoperative control (Figure 3F **p < 0.01 vs. PRE; N = 26).
[image: Figure 3]FIGURE 3 | Pressure-flow/-volume analyses in response to the TOT surgery. (A,B) representative cystometry of a SUI patient measured pre- and postoperatively (PRE and POST, respectively). Pves is the vesical pressure, Pabd abdominal pressure, Pdet detrusor pressure, Flow urethral flow, Vvod voided volume, Vinf infused volume, and Vive is intra-vesical volume. (C,D) Pressure-volume analyses measured before and after the TOT surgery, respectively. (E) the loop-enclosed area (Apv) of each SUI patient measured pre- and post-operatively. (F) summarized Apv of SUI patients before and after the TOT surgery (**p < 0.01 vs. PRE; N = 26).
Trans-obturator tape increases voiding resistance
TOT increased the individual mean urethral resistance (Rv) in 21 out of 26 patients (80%) and significantly increased the mean Rv value when compared to the preoperative result, suggesting an increased urethral voiding resistance induced by TOT. Furthermore, TOT increased individual mean urethral resistance (Rv) in most patients (21/26, 80%, Figure 4A) and significantly increased the mean value of Rv when compared with the preoperative control (**p < 0.01 vs. PRE; N = 26), indicating TOT did increase the outlet resistance during voiding.
[image: Figure 4]FIGURE 4 | Individual and summarized data of voiding parameters in response to TOT surgery. (A–D) individual (left) and summarized (right) data of the mean voiding resistance (Rv), mean voiding pressure (Pv), voided volume (Vv), and voiding time (Tv), respectively. (**p < 0.01, NS p > 0.05 vs. PRE; N = 26).
Trans-obturator tape increases voiding pressure
The mean resistance during voiding was defined as the mean voiding pressure (Pv) divided by the mean urethral flow (Fv, Rv = Pv/Fv), and the Fv could be further calculated by dividing the mean voided volume (Vv) by the voiding time (Tv, Fv = Vv/Tv). The relationship between the mean urethral resistance and these parameters could be described as Rv = Pv/[Vv/Tv]. We hence further assessed the changes in Pv, Vv, and Tv in response to surgery to specify the TOT impact. Compared with preoperative controls (Figure 4B PRE), TOT postoperatively increased individual Pv in most patients (POST, 21/26, 80%) and significantly increased the mean value of Pv (**p < 0.01 vs. PRE; N = 26). In contrast, individual data demonstrated neither Vv (Figure 4C, 9/26, 34% increased, 16/26, 62% decreased, 1/26, 4% unchanged) nor Tv (Figure 4D, 8/26, 31% increased, 17/26, 65% decreased, 1/26, 4% unchanged) showed a significant change (>75%). Moreover, no statistical significance was found in the mean values of Vv and Tv (NS p > 0.05 vs. PRE; both N = 26). These results indicated that added to an increased outlet resistance, TOT postoperatively elevated bladder pressure during voiding.
Correlations between pressure-volume loop increase with voiding pressure and voiding resistance
We next assessed the relationship between the TOT-enhanced Apv and changes in urodynamic parameters by analyzing the correlation between the change in Apv (ΔApv) and those in Rv, Pv, Vv, and Tv (ΔRv, ΔPv, ΔVv, and ΔTv, respectively). TOT-induced ΔApv showed moderate correlations with the ΔRv and ΔPv (Figures 5A,B. Both r > 0.5, N = 26). Nevertheless, no correlation was evidenced between the ΔApv and ΔVv or ΔTv (Figures 5C,D Both r < 0.3, N = 26). Moreover, the potential association between the TOT-induced ΔRv and ΔPv was also assessed, and the ΔRv showed a strong correlation with the ΔPv (Figure 5E r > 0.7 N = 26). Together, these results indicate the TOT-enhanced Apv was associated with a syncytial change of Rv and Pv.
[image: Figure 5]FIGURE 5 | Correlation analyses of the TOT-associated change in Apv and changes in voiding parameters. (A–D) correlation analyses of the TOT-associated change in the loop-enclosed area (ΔApv) and changes in the mean voiding resistance (ΔRv; r > 0.5, N = 26), the mean voiding pressure (ΔPv; r > 0.5, N = 26), the voided volume (ΔVv; r < 0.3, N = 26), and the voiding time (ΔTv; r < 0.3, N = 26), respectively. (E) correlation analysis of ΔRv and ΔPv (r > 0.7, N = 26).
DISCUSSION
Data collected provide evidence that the bladder increases its thermodynamic efficiency after the TOT procedure by adapting the voiding function to higher urethral resistance. This outcome is supported by the post-operative increase in Rv during the voiding phase, associated with an increase in Pv.
Our conclusion is based on lines of evidence. First, consistent with studies showing that TOT adds to outlet resistance (Sander et al., 2002) to restore adequate continence (Rapoport et al., 2007; Atis et al., 2009), we observed that TOT increased Rv during voiding. Moreover, without affecting Vv or Tv, TOT postoperatively elevated Pv. Considering that the relationship between the above parameters could be described as Rv = Pv/[Vv/Tv], unchanged Vv and Tv indicate that the TOT-increased Rv is associated with a corresponding Pv elevation. As it has been well accepted that TOT increases the outlet resistance (Rapoport et al., 2007; Atis et al., 2009), these data imply that the bladder develops an elevated voiding pressure in response to the TOT-increased resistance. Moreover, the TOT-increased Apv was correlated with ΔRv and ΔPv but not ΔVv or ΔTv, indicating that the TOT-enhanced Apv is ΔRv- and ΔPv-dependent. In addition to the evidence that the TOT-induced ΔRv is highly correlated with the ΔPv, these findings imply that TOT-enhanced Apv results from the ΔRv-associated ΔPv. Therefore, the enhanced thermodynamic efficacy of the bladder during the voiding phase is the consequence of increased pressure in response to the TOT-increased resistance. This outcome is further supported by the PVA, showing that instead of the left, right, or bottom boundaries, the upper border of the loop trajectory, which represents the pressure during the emission, was markedly shifted upward, and thereby increased the Apv. Considering that Pv was the mean bladder pressure during urine emission, these results imply that the increased Apv is attributable to an elevated Pv. As a whole, the reported data support the evidence that after the TOT procedure, the bladder develops an elevated pressure during the voiding phase to overcome the enhanced outlet resistance, as a result of an increased Apv. Our results imply that the bladder is capable of adapting itself to overcome TOT-enhanced outlet resistance. Our study further supports the efficacy of TOT in restoring urinary continence (Lebret et al., 2001) but provides the additional new information that the bladder function adapts to the increased urethral resistance caused by the tape.
We therefore suggest that prior to TOT, the bladder of SUI patients did not develop a sufficient pressure gradient not only because the pressure increase results in urine leakage during storage, but also because it possibly causes premature urine flow that brings about an early pressure decline during voiding (Gray et al., 2017). However, not limited to storage, TOT-increased outlet resistance also prevents urine leakage during early voiding, which allows the bladder to develop an acceptable pressure gradient, thereby ensuring an adequate driving force for urine flow during the whole voiding period. That is, the TOT-increased urethral resistance is of clinical benefit to both the continence and voiding functions. Although the involved mechanisms need further investigation, two candidate mechanisms could underlie the modifications that occur postoperatively in the bladder. First, below the failure threshold, the detrusor adapts itself to an inotropic situation following an enhanced outlet resistance (Elmissiry et al., 2014). As an alternative, the bladder inherently develops a higher tension to the enhanced outlet resistance because its length-tension relationship is distinctive and relatively linear (Southern et al., 2012). Nevertheless, studies investigating the adaptation of bladder contractility in response to TOT are required to clarify the precise mechanism involved. Moreover, if TOT should be avoided in bladders unable to balance the increased urethral resistance is a question that still needs to be investigated.
Our study first provided the outcomes of PVA of human bladder voiding. Stepwise thermodynamic analysis revealed that during filling (F, Figure 6A), the accumulating fluid gradually increased the bladder volume with a slightly but progressively elevated baseline pressure. Thereby an amount of potential energy represented by the area under the trajectory is stored in the bladder (Peng et al., 2020). Next, in the IVC (Figure 6B), the bladder contracts without fluid elimination. Considering that there is no detrusor shortening, the bladder performs no mechanical work. Instead, it gains potential energy caused by contraction-increased stiffness. In the subsequent emission (E, Figure 6C), the bladder performs mechanical work characterized by integrating the trajectory to repulse fluid (Peng et al., 2020). At last, the bladder isovolumically relaxes without fluid elimination (IVR, Figure 6D). Considering that the detrusor length remains unchanged, the bladder gains no mechanical work, but its potential energy is reduced by the relaxation-decreased stiffness. Although this model obviously neglects the kinetic and friction energy of fluid, we suggest the Apv coarsely quantifies a simplified but neat mechanical work performed by the bladder in a voiding cycle (net, Figure 6E) (Peng et al., 2020).
[image: Figure 6]FIGURE 6 | Thermodynamic processes in a pressure-volume loop of a voiding. (A) during the filling (F), an amount of potential energy represented by the area under the trajectory along the volume change is stored, that is, the output work is negative (−; red). (B) in the isovolumic contraction (IVC), the bladder performs no mechanical work, that is, the output work is zero (0). (C) in the emission (E), the bladder performs a mechanical work characterized by the integration of the trajectory along this stage to repulse fluid, that is, the output work is positive (+; green). (D) in the isovolumic relaxation (IVR), the bladder gains no mechanical work, that is, the work output is zero (0). (E) the net work done in the entire cyclic process is given by the area enclosed by the loop trajectory of a voiding cycle (net; green).
Although almost all pressure/volume events in PVA can be measured as well or even better by the wide cystometry (Gammie et al., 2016; Malde et al., 2017), PVA provides a protocol for conceptually assessing the workload of voiding contractions that cannot be immediately visualized in cystometry. In association with time-domain cystometry, an additional PVA would benefit clinicians because lasting increased workload is a risk factor causing noncompensatory bladder functions (Schneider et al., 2021). Further PVA studies would provide data for stratifying PVA outcomes to establish a cut-off workload that implies a risk of detrusor decompensation. This is clinically significant because it could suggest the need for treatment to improve bladder voiding following TOT. The outcomes of our study support further research on PVA application in lower urinary tract dysfunction and disorders, such as neurogenic bladder, or inflammatory conditions (i.e., ketamine induced cystitis). In addition, it would be rather interesting to investigate further whether PVA could be used to further assay other bladder functions like it does in cardiology.
To clarify the specific urodynamic effects of urological/gynecological surgeries is clinically important because patients could develop postoperatively functional disorders that negatively impact their quality of life (Natale et al., 2019b). Although there are arguments that a preoperative urodynamic study is an unnecessary procedure or is informative about bladder function (Serati and Agrò, 2016; Serati et al., 2019), a 269-day follow-up study concluded that preoperative urodynamic examination does not affect the TOT outcomes (da Cruz et al., 2021). We thereby suggest that our preoperative urodynamic investigations could have a small effect on the TOT therapeutic effects. Moreover, considering that clinical trials demonstrated that preoperative measurements provide information on voiding/storage functions that can be compared with the post-operative data (Serati et al., 2020; Chiang et al., 2021), a preoperative urodynamic investigation is valued for objectively assessing therapeutic benefit and predicting patients requiring further therapy. In addition, considering that our results reveal that TOT shows therapeutic benefits to voiding functions of SUI patients, it would be interesting to clarify whether protocols other than TOT, particularly a retropubic sling, could exhibit similar benefits because the mid-urethral sling is recognized as a gold standard for the surgical treatment of female SUI patients (Bailly and Carlson, 2017). Based on our results, we can speculate that the positive effect on the thermodynamic efficacy of the bladder provided by the TOT prevents functional deterioration of the detrusor that would occur if incontinence persisted. In fact, urinary incontinence, especially in case of severe condition, would cause such a reduction of detrusor thermodynamic efficacy because of the absence of micturition (ex non usu), leading to a serious de-functionalization that could be irrecoverable if not managed properly.
This study has inherent limitations because of its retrospective design, and the sample size is relatively small. In addition, considering that some studies have demonstrated that some patients experience voiding dysfunctions at 12 months after TOT (Asıcıoglu et al., 2014) and that the continence rate decreases until 25 months after TOT (Costantini et al., 2016), a longer follow-up period is needed to confirm the lasting benefits of TOT because our outcomes were measured at 177.80 ± 23.26 days after the procedure.
Moreover, although our data demonstrate that TOT enhanced the outlet resistance, a very recent study showed that force vectors are responsible for the pressures and flows that develop during micturition (Ishii et al., 2020). Therefore, future studies assessing the impact of TOT using imaging techniques such as vector projectile imaging (Ishii et al., 2020) or videourodynamic imaging (Yu and Kuo, 2022) are warranted to provide clear information about the outcome of surgeries. It is worth noting that, in addition to the elevated urethral resistance, an unrelaxed perineal muscle could also result in results similar to ours. Considering that one publication demonstrates a technique of urodynamic investigation with simultaneous perineal electromyography (Talavera et al., 2022), studies investigating pressure/volume profiles using electromyograms would clarify the potential involvement of perineal relaxation in the TOT-associated impact on urodynamic variables.
CONCLUSION
The results of this study demonstrate for the first time that bladder thermodynamic efficacy improves after the TOT procedure. This evidence, based on the PVA of the pressure/flow studies of the urodynamic examination, confirms the efficacy of TOT in the treatment of SUI, but it also demonstrates a preventive role against a detrusor decompensation that would inevitably occur if the incontinence persisted for a long time without any treatment.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by Mackay Memory Hospital, Taipei, Taiwan. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
H-HL and T-BL: study design. H-HL, T-HS, and J-JL: data collection. H-HL and H-YP: drafting the manuscript. C-YL, H-YP, and M-CH: analyzing data, statistical analysis. T-BL: finalizing the manuscript.
FUNDING
This work was supported by the Ministry of Science and Technology, Taiwan, Grant/Award Numbers: MOST 109-2320-B-715-005 to M-CH; MOST 108-2320-B-715-002-MY3 and 108-2314-B-715-004-MY3 to H-YP, MOST 110-2320-B-038-042 and 108-2320-B-038-028 to T-BL.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abrams, P., Cardozo, L., Fall, M., Griffiths, D., Rosier, P., Ulmsten, U., et al. (2003). The standardisation of terminology in lower urinary tract function: Report from the standardisation sub-committee of the international continence society. Urology 61, 37–49. doi:10.1016/s0090-4295(02)02243-4
 Abrams, P., Cardozo, L., Fall, M., Griffiths, D., Rosier, P., Ulmsten, U., et al. (2002). The standardisation of terminology of lower urinary tract function: Report from the standardisation sub-committee of the International Continence Society. Neurourol. Urodyn. 21, 167–178. doi:10.1002/nau.10052
 Ahn, C., Bae, J., Lee, K. S., and Lee, H. W. (2015). Analysis of voiding dysfunction after transobturator tape procedure for stress urinary incontinence. Korean J. Urol. 56 (12), 823. doi:10.4111/kju.2015.56.12.823
 Asıcıoglu, O., Gungorduk, K., Besımoglu, B., Ertas, I. E., Yıldırım, G., Celebı, I., et al. (2014). A 5-year follow-up study comparing Burch colposuspension and transobturator tape for the surgical treatment of stress urinary incontinence. Int. J. Gynecol. Obstetrics 125 (1), 73–77. doi:10.1016/j.ijgo.2013.09.026
 Atis, G., Arisan, S., Ozagari, A., Caskurlu, T., Dalkilinc, A., Ergenekon, E., et al. (2009). Tissue reaction of the rat urinary bladder to synthetic mesh materials. Sci. World J. 9, 1046–1051. doi:10.1100/tsw.2009.120
 Bailly, G. G., and Carlson, K. V. (2017). The pubovaginal sling: Reintroducing an old friend. Can. Urol. Assoc. J. 11 (2), S147. doi:10.5489/cuaj.4611
 Chiang, F. C., Sun, R., Chang, Y. J., Li, Y. I., and Sun, M. J. (2021). Comparison of clinical efficacy and urodynamic changes using single-incision slings (MiniArc® vs. Solyx™) for the treatment of female stress urinary incontinence. Gynecol. Minim. Invasive Ther. 10 (4), 235. doi:10.4103/GMIT.GMIT_102_20
 Costantini, E., Kocjancic, E., Lazzeri, M., Giannantoni, A., Zucchi, A., Carbone, A., et al. (2016). Long-term efficacy of the trans-obturator and retropubic mid-urethral slings for stress urinary incontinence: Update from a randomized clinical trial. World J. Urol. 34 (4), 585–593. doi:10.1007/s00345-015-1651-z
 da Cruz, P. R. C., Dias Filho, A. C., Furtado, G. N., Ferreira, R. S., and Resende, C. N. (2021). Effect of preoperative urodynamic study on urinary outcomes after transobturator sling. Rev. Bras. Ginecol. Obstet. 43 (2), 131–136. doi:10.1055/s-0040-1719148
 D’Ancona, C. D., Haylen, B. T., Oelke, M., Herschorn, S., Abranches-Monteiro, L., Arnold, E. P., et al. (2019). The International Continence Society (ICS) report on the terminology for adult male lower urinary tract and pelvic floor symptoms and dysfunction. Neurourol. Urodyn. 38 (2), 433–477. doi:10.1002/nau.23897
 De Leval, J. (2003). Novel surgical technique for the treatment of female stress urinary incontinence: Transobturator vaginal tape inside-out. Eur. Urol. 44, 724–730. doi:10.1016/j.eururo.2003.09.003
 Delorme, E. (2001). Transobturator urethral suspension: Mini-invasive procedure in the treatment of stress urinary incontinence in women. Prog. Urol. 11 (6), 1306–1313. PMID: 11859672.
 Elmissiry, M. M., Ali, A. G., Abulfotooh, A., Moussa, A. A., and Ali, G. A. (2014). Factors determining the amount of residual urine in men with bladder outlet obstruction: Could it be a predictor for bladder contractility?Arab. J. Urol. 12 (3), 214–218. doi:10.1016/j.aju.2014.03.003
 Gammie, A., Kaper, M., Dorrepaal, C., Kos, T., and Abrams, P. (2016). Signs and symptoms of detrusor underactivity: An analysis of clinical presentation and urodynamic tests from a large group of patients undergoing pressure flow studies. Eur. Urol. 69 (2), 361–369. doi:10.1016/j.eururo.2015.08.014
 Gray, M., and Jackson, J. (2017). “Multichannel urodynamic testing,” in Pelvic floor dysfunction and pelvic surgery in the elderly ed . Editors D. Gordon, and M. Katlic (New York, NY: Springer). doi:10.1007/978-1-4939-6554-0_9
 Hsiao, S. M., and Kuo, H. C. (2021). Predictors of further anti-incontinence interventions or transvaginal urethrolysis after a pubovaginal sling procedure in women with and without neurologic disorders. J. Formos. Med. Assoc. 120, 1464–1477. doi:10.1016/j.jfma.2020.12.029
 Huang, W. C., Lau, H. H., and Su, T. H. (2018). Did surgical failure and complications affect incontinence-related quality of life in women after transobturator sling procedure?Taiwan. J. Obstet. Gynecol. 57, 295–299. doi:10.1016/j.tjog.2018.02.020
 Ishii, T., Nahas, H., Yiu, B. Y. S., Chee, A. J. Y., and Yu, A. C. H. (2020). Contrast-enhanced urodynamic vector projectile imaging (CE-UroVPI) for urethral voiding visualization: Principles and phantom Studies. Urology 140, 171–177. doi:10.1016/j.urology.2020.03.005
 Kaya, S., Akbayrak, T., Gursen, C., and Beksac, S. (2015). Short-term effect of adding pelvic floor muscle training to bladder training for female urinary incontinence: A randomized controlled trial. Int. Urogynecol. J. 26 (2), 285–293. doi:10.1007/s00192-014-2517-4
 Lebret, T., Lugagne, P. M., Hervé, J. M., Barré, P., Orsoni, J. L., Yonneau, L., et al. (2001). Evaluation of Tension&ndash;Free vaginal tape procedure. Eur. Urol. 40 (5), 543–547. doi:10.1159/000049833
 Lee, S. M., Gammie, A., and Abrams, P. (2021). Assessment of quality in urodynamics: Cough versus valsalva. Neurourol. Urodyn. 40 (4), 1021–1026. doi:10.1002/nau.24661
 Malde, S., Nambiar, A. K., Umbach, R., Lam, T. B., Bach, T., Bachmann, A., et al. (2017). Systematic review of the performance of noninvasive tests in diagnosing bladder outlet obstruction in men with lower urinary tract symptoms. Eur. Urol. 71 (3), 391–402. doi:10.1016/j.eururo.2016.09.026
 Medina, C. A., Costantini, E., Petri, E., Mourad, S., Singla, A., Rodríguez-Colorado, S., et al. (2017). Evaluation and surgery for stress urinary incontinence: A FIGO working group report. Neurourol. Urodyn. 36, 518–528. doi:10.1002/nau.22960
 Natale, F., Illiano, E., Marchesi, A., La Penna, C., and Costantini, E. (2019). Transobturator tape: Over 10 years follow-up. Urology 129, 48–53. doi:10.1016/j.urology.2019.03.003
 Natale, F., Illiano, E., Zucchi, A., Balzarro, M., La Penna, C., Costantini, E., et al. (2019). Transobturator mid-urethral sling in females with stress urinary incontinence and detrusor underactivity: Effect on voiding phase. Int. Urogynecol. J. 30 (9), 1519–1525. doi:10.1007/s00192-019-03871-7
 Peng, H. Y., Lai, C. Y., Hsieh, M. C., Ho, Y. C., and Lin, T. B. (2020). Pressure-volume analysis of rat's micturition cycles in vivo. Neurourol. Urodyn. 39 (5), 1304–1312. doi:10.1002/nau.24363
 Peng, H. Y., Lai, C. Y., Hsieh, M. C., and Lin, T. B. (2021). Solifenacin/mirabegron induces an acute compliance increase in the filling phase of the capacity-reduced urinary bladder: A pressure-volume analysis in rats. Front. Pharmacol. 12, 657959. doi:10.3389/fphar.2021.657959
 Rapoport, D., Fenster, H. N., and Wright, J. E. (2007). Reported complications of tension-free vaginal tape procedures: A review. B. C. Med. J. 49, 490–494. 
 Roumeguère, T., Quackels, T., Bollens, R., de Groote, A., Zlotta, A., Bossche, M. V., et al. (2005). Trans-obturator vaginal tape (TOT) for female stress incontinence: One year follow-up in 120 patients. Eur. Urol. 48 (5), 805–809. doi:10.1016/j.eururo.2005.08.003
 Sahin, N., Yesil, H., and Gorcan, B. (2022). The effect of pelvic floor exercises performed with EMG biofeedback or a vaginal cone on incontinence severity, pelvic floor muscle strength, and quality of life in women with stress urinary incontinence: A randomized, 6-month follow-up study. Int. Urogynecol. J. . in press. doi:10.1007/s00192-021-05006-3
 Sander, P., Møller, L. M., Rudnicki, P. M., and Lose, G. (2002). Does the tension-free vaginal tape procedure affect the voiding phase? Pressure-flow studies before and 1 year after surgery. BJU Int. 89 (7), 694–698. doi:10.1046/j.1464-410x.2002.02725.x
 Schafer, W., Abrams, P., Liao, L., Mattiasson, A., Pesce, F., Spangberg, A., et al. (2002). Good urodynamic practices: Uroflowmetry, filling cystometry, and pressure-flow studies. Neurourol. Urodyn. 21, 261–274. doi:10.1002/nau.10066
 Schimpf, M. O., Rahn, D. D., Wheeler, T. L., Patel, M., White, A. B., Orejuela, F. J., et al. (2014). Sling surgery for stress urinary incontinence in women: A systematic review and metaanalysis. Am. J. Obstet. Gynecol. 211, 71.e1–71.e27. e1–27. doi:10.1016/j.ajog.2014.01.030
 Schneider, A. J., Grimes, M., Lyon, W., Kemper, A., Wang, S., Bushman, W., et al. (2021). Cluster analysis of men undergoing surgery for BPH/LUTS reveals prominent roles of both bladder outlet obstruction and diminished bladder contractility. PLoS One 16 (5), e0251721. doi:10.1371/journal.pone.0251721
 Serati, M., and Agrò, E. F. (2016). Urodynamics before surgery for stress urinary incontinence: The urodynamic examination is still one of the best friends of the surgeon and of patients with stress urinary incontinence. Eur. Urol. Focus 2 (03), 272–273. doi:10.1016/j.euf.2015.10.006
 Serati, M., Braga, A., Caccia, G., Torella, M., Ghezzi, F., Salvatore, S., et al. (2020). TVT-O for treatment of pure urodynamic stress urinary incontinence: Efficacy and adverse effects at 13-years follow-up. Neurourol. Urodyn. 39 (5), 1423–1429. doi:10.1002/nau.24358
 Serati, M., Braga, A., Torella, M., Soligo, M., and Finazzi-Agro, E. (2019). The role of urodynamics in the management of female stress urinary incontinence. Neurourol. Urodyn. 38 (4), S42–S50. doi:10.1002/nau.23865
 Southern, J. B., Frazier, J. R., Miner, A. S., Speich, J. E., Klausner, A. P., Ratz, P. H., et al. (2012). Elevated steady-state bladder preload activates myosin phosphorylation: Detrusor smooth muscle is a preload tension sensor. Am. J. Physiology-Renal Physiology 303 (11), F1517–F1526. doi:10.1152/ajprenal.00278.2012
 Suga, H. (1979). Total mechanical energy of a ventricle model and cardiac oxygen consumption. Am. J. Physiology-Heart Circulatory Physiology 236 (3), H498–H505. doi:10.1152/ajpheart.1979.236.3.H498
 Talavera, J. R., Martínez, B. B., Perez, M. S., Pisaca, M. F. R., and Díaz, D. C. (2022). Prediction of postradical prostatectomy urinary incontinence through the combination of the urethral pressure profile with electromyography of the urethral sphincter. Int. Neurourol. J. 26 (1), S68–S75. doi:10.5213/inj.2142030.015
 Ulmsten, U., Henriksson, L., Johnson, P., and Varhos, G. (1996). An ambulatory surgical procedure under local anesthesia for treatment of female urinary incontinence. Int. Urogynecol. J. Pelvic Floor Dysfunct. 7, 81–86. doi:10.1007/BF01902378
 Waltregny, D., Gaspar, Y., Reul, O., Hamida, W., Bonnet, P., de Leval, J., et al. (2008). TVT-O for the treatment of female stress urinary incontinence: Results of a prospective study after a 3-year minimum follow-up. Eur. Urol. 53, 401–410. doi:10.1016/j.eururo.2007.08.021
 Yu, W. R., and Kuo, H. C. (2022). Usefulness of videourodynamic study in the decision-making of surgical intervention and bladder management for neurogenic lower urinary tract dysfunction among patients with myelomeningocele. Int. Urol. Nephrol. 54, 1815–1824. (in press). doi:10.1007/s11255-022-03236-y
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Lau, Lai, Peng, Hsieh, Su, Lee and Lin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbioe-10-912602-g005.gif
T

BRv (%)

.'h

rRTFTyTTRTETETEY

AVv (%)

g? S






OPS/images/fbioe-10-912602-g006.gif
Y
, IVC:~' 0






OPS/images/fbioe-10-912602-g003.gif
Apv (10° cmH;0-mi)





OPS/images/fbioe-10-912602-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Modification of bladder thermodynamics in stress urinary incontinence patients submitted to trans-obturator tape: A retrospective study based on urodynamic assessment		Key points

		Introduction

		Methods		Patients

		Pressure-flow study and pressure-volume analyses

		Statistical analyses





		Results		Database of patients

		Pressure-flow/volume analyses

		Trans-obturator tape increases the loop-enclosed area

		Trans-obturator tape increases voiding resistance

		Trans-obturator tape increases voiding pressure

		Correlations between pressure-volume loop increase with voiding pressure and voiding resistance





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers ‘ Frontiers in Bioengineering and Biotechnology

Modification of bladder
thermodynamics in stress
urinary incontinence patients
submitted to trans-obturator
tape: A retrospective study
based on urodynamic
assessment





OPS/images/fbioe-10-912602-g001.gif





OPS/images/fbioe-10-912602-g002.gif
200 300

00
Vive (ml)









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





