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Abstract

:

Background and Objectives: Strategies for overactive bladder syndrome (OAB) management involve, among others, strengthening the bladder outlet to suppress urgency and neuromodulating the sacral roots. Magnetic stimulation (MS) is a technology that involves an extracorporeal device that is able to provide an electromagnetic field specifically designed to interact with pelvic floor neuromuscular tissue. The resulting tissue electrical activity induces contraction of the pelvic muscle and neuromodulation of the S2–S4 sacral roots. Flat Magnetic Stimulation (FMS) is a relevant advancement involving homogeneous electromagnetic fields, which are able to optimize the effect on the entire pelvic area. However, the benefits of this new technology for OAB syndrome are poorly known. Consequently, the aim of our study is to analyze the outcomes and quality of life (QoL) impact of FMS with Dr. Arnold (DEKA, Calenzano, Italy) in women suffering from OAB syndrome associated with urinary incontinence. Materials and Methods: This prospective study included patients with OAB, urge urinary incontinence, and no ongoing OAB treatments. At baseline (T0), the Incontinence Impact Questionnaire (IIQ-7), the Female Sexual Function Index (FSFI-19), and the International Consultation on Incontinence Questionnaire–Urinary Incontinence Short Form (ICIQ-UI SF) were collected. Patients underwent 8 FMS sessions of 25 min each in one month. At the termination of the therapy (T1), women repeated the ICIQ-UI SF, FSFI-19, and IIQ-7 tools. Moreover, the Patient Global Impression of Improvement (PGI-I) questionnaire was collected to evaluate the cure rate. Results: Our study enrolled a total of 57 consecutive patients. Most women had at least one second- or third-line treatment before FMS, while the remaining naive patients had contraindications to pharmacological treatments. No women reported adverse effects during the treatment. After the treatment, we observed a decrease in the IIQ-7 (p < 0.001) and ICIQ-UI SF scores (p < 0.001) and an improvement in sexual function (p < 0.001) evaluated with FSFI-19. According to PGI-I scores, 42 (73.7%) women referred to some kind of improvement, scoring ≤ 3 points. Specifically, 8.7% of patients considered themselves very much improved, 29.8% much improved, 35.1% minimally improved, and 26.3% found no changes. FMS was effective in treating OAB symptoms without any adverse effects. The mechanism is supposed to be related to suppressing the initiation of micturition. This makes FMS a promising device for treating naive and refractory urge urinary incontinence. Conclusions: The new FMS represents a promising non-pharmacological option for the treatment of naive and refractory OAB.
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1. Introduction


Pelvic floor disorders are conditions affecting the proper function of a woman’s pelvic organs, thus encompassing bowel, urinary, support, and sexual dysfunctions [1,2]. Vaginal delivery and associated trauma are considered the primary etiopathogenetic mechanisms predisposing to pelvic floor damage [3,4,5]. Specific obstetric factors, such as fetal macrosomia and instrumental delivery, may be associated with greater pelvic floor injuries [6,7,8,9]. Moreover, menopause-related hormonal changes and connective tissue histological features have been related to the development of pelvic floor symptoms [10,11,12,13,14]. Due to shared risk factors, pelvic floor disorders may coexist, and worsening or de novo onset may occur after treatment such as surgery [15,16,17]. Overactive bladder syndrome, for instance, usually improves after prolapse repair but tends to worsen if a concomitant anti-incontinence procedure is performed at the time of surgery [18,19].



Overactive bladder syndrome (OAB) is defined by the International Continence Society (ICS) as “urgency, with or without urge incontinence, usually with frequency and nocturia” [20]. It is a common pelvic floor disorder, affecting a sixth of women in the United States [21]. Urinary incontinence has a negative impact on women’s quality of life (QoL) in terms of interpersonal, household, sexual, and mental-physical well-being [22,23]. OAB can be categorized, based on the presence or absence of neurologic conditions such as Parkinson’s disease, multiple sclerosis, and/or a spinal cord injury, into a neurogenic or idiopathic (nonneurogenic) form. However, the etiology of OAB is still unclear, but it has been related to bladder hypersensitivity, low bladder compliance, detrusor overactivity, or pelvic floor surgery [22,24]. Detrusor overactivity (DO) represents the most common finding in OAB patients and can be identified in 64% of patients during urodynamic evaluation [25,26]. However, urodynamics globally shows poor agreement between clinical symptoms and instrumental findings in the evaluation of bladder dysfunction [27,28,29]. Moreover, the importance of urodynamics for urinary incontinence diagnostic work-up is currently under debate due to inconsistent performance and a lack of consensus on definitions [30,31]. In addition, both OAB and DO have been found in concomitance with underactive bladder syndrome and detrusor underactivity, making proper patients’ condition classification and subsequently clinical management challenging [32,33]. ICS has recognized that symptoms of OAB may stem from diverse forms of dysfunction in the urethra and bladder [20]. Recent research has posited the existence of several subcategories within OAB [34,35], suggesting that various underlying mechanisms can elicit the sensation of urinary urgency. An increasing body of evidence in recent years has linked OAB with conditions such as subclinical dysfunction in the autonomic nervous system [36,37], metabolic syndrome [38,39,40], deficiencies in sex hormones [41], affective disorders [42], gastrointestinal functional issues [43,44], and alterations in urinary microbiota [45,46]. These factors could contribute to OAB and indicate that it might have a distinct pathophysiological basis within these diverse frameworks. Although the available data are limited, several emerging studies point to the potential benefits of categorizing OAB into these different phenotypes, which could lead to more informed treatment decisions and potentially better outcomes. These subtypes of OAB could not be necessarily exclusive as they might often overlap, and this fact could provide a strong rationale for considering combination therapy, which could target multiple underlying mechanisms and enhance the likelihood of achieving successful treatment [47].



Currently, the first-line treatment for idiopathic OAB is behavioral treatment, which involves three approaches: (1) lifestyle modification such as fluid management, a decrease in the intake of caffeine, alcohol, and acidic and spicy foods, and weight loss; (2) modification of bladder function induced by changing voiding habits, such as applying bladder training and delayed voiding; and (3) pelvic floor muscle training (PFMT) to strengthen the bladder outlet and suppress urgency, which may include active exercises for pelvic floor muscles, biofeedback, electrical stimulation, and magnetic stimulation (MS) [48,49,50]. Second-line treatment involves pharmacological therapy with antimuscarinics, beta-3 adrenergic receptor agonists, or the combination of both of these medications. Combination therapy with an anti-muscarinic and beta-3 adrenergic receptor agonist may be considered for patients refractory to monotherapy [50,51,52,53]. The third line is represented by onabotulinumtoxinA therapy, PTNS, or neuromodulation, and may be offered—after careful patient selection and appropriate patient counseling—in patients in whom previous line treatments have failed or are contraindicated [51,54,55]. However, since all second- and third-line treatments have side effects, drawbacks, and complications, behavioral therapies should be offered at first to all patients with OAB.



Despite most guidelines not recognizing the role of magnetic stimulation, its hypertrophic effect on the urethral rhabdosphincter may be useful in suppressing the initiation of micturition, similar to other forms of pelvic muscle strengthening treatments [56]. This technology involves an extracorporeal device that is able to produce a distinct electromagnetic field that engages with neuromuscular tissue located in the pelvic floor. The resulting electrical activity induces controlled depolarization of the nerves, resulting in pelvic muscle contraction and sacral S2–S4 root neuromodulation [57]. Although the Food and Drug Administration has approved magnetic stimulation for the treatment of urinary incontinence since 1998, limited research in the existing literature has evaluated the safety and effectiveness of this practice [58]. A recent systematic review of the effectiveness of magnetic stimulation for the treatment of urinary incontinence demonstrated a certain efficacy in terms of cure rate and improvement in QoL [59]. However, only 12 studies published between 2010 and 2020 were eligible, and most of them considered patients with stress urinary incontinence.



Recently, magnetic stimulator technology witnessed relevant advancements, which include Flat Magnetic Stimulation (FMS). This involves homogeneous rather than curved electromagnetic fields, which are able to optimize the effect on the entire pelvic area. Due to the equal distribution and intensity of stimulation, FMS allows large recruitment of muscle fibers without leaving areas of inconstant/suboptimal stimulation, leading to substantial advantages compared with standard magnetic stimulation treatment. The interaction between the magnetic field and the neuromuscular tissue induces electrical currents, which initiate neuronal cell depolarization, trigger muscle contractions, and improve blood circulation [60]. Depending on the frequencies of magnetic fields, either sacral S2–S4 root neuromodulation or urethral rhabdosphincter muscle fiber hypertrophy may be evoked, which represent two milestones in the treatment of overactive bladder syndrome. Specifically, a previous sonographic study has demonstrated significant urethral rhabdosphincter muscle hypertrophy consequent to FMS [56]. However, the benefits of this new technology for OAB syndrome are poorly known.



Consequently, the aim of our study is to analyze the outcomes and QoL impact of FMS in women suffering from overactive bladder syndrome associated with urinary incontinence.




2. Materials and Methods


This prospective study was carried out at “Fondazione IRCCS San Gerardo dei Tintori” (Monza, Italy) from August 2022 to March 2023. In the gynecological outpatients, women underwent a clinical interview to evaluate the presence and severity of pelvic floor symptoms, such as bulging symptoms, lower urinary tract symptoms, pelvic pain, or fecal incontinence. All definitions conformed to IUGA/ICS terminology [20]. For each patient, a clinical urogenital examination was performed, and genital prolapse was staged in accordance with the Pelvic Organ Prolapse Quantification (POP-Q) system. Patients were included in the study if they had an overactive bladder with urge urinary incontinence and no active treatments at the moment of enrollment. Among the exclusion criteria we considered were pregnancy, age < 18 years old, weight > 160 kg, deficient Italian language knowledge, defibrillator or implanted pacemaker carriers, patients with ferromagnetic prostheses or neurostimulators, recent diagnosis of malignant tumors, deep venous thrombosis, acute inflammatory conditions, fever, recent fractures involving the body area to be treated, arrhythmia, or congestive cardiac failure, as previously stated [56]. At baseline (T0), all the patients received and completed the Incontinence Impact Questionnaire (IIQ-7), the Female Sexual Function Index (FSFI-19), and the International Consultation on Incontinence Questionnaire–Urinary Incontinence Short Form (ICIQ-UI SF) [61,62,63]. The IIQ-7 questionnaire is aimed at exploring the effect of urinary incontinence on patients’ everyday lives and relationships. It is made of seven items—with four options of answers each—to individually self-esteem the effect of urine leaking on quotidian activities in four areas: physical exercise (points #1 and #2), traveling (points #3 and #4), social interactions (points #5), and psychological well-being (points #6 and #7). This tool has been associated with an excellent level of acceptability, reliability, and validity based on standard psychometric tests and validated across different countries and cultures [63]. The ICIQ-UI SF questionnaire includes four questions dealing with the urine leaking frequency, the subjective amount of urine leaking, and its impact on everyday life. Only the first three items determine the total score, while the last one is designed to self-define the subcategory of urinary incontinence. The above-mentioned tool demonstrated significant rates of validity, accuracy, and sensitivity through the use of standard psychometric tests, and its validation has allowed the evaluation of the frequency, severity, and effect of urinary incontinence on QoL [61]. The FSFI-19 questionnaire is a self-reported tool aimed at investigating female sexual dysfunction. It consists of 19 questions, divided into six domains, exploring sexual function, which includes arousal, desire, lubrication, orgasm, satisfaction, and pain, with 5-point Likert answer scales. A cut-off of 26.5 points identifies patients with and without sexual disorders. This tool has systematically proven satisfying assessment characteristics in evaluating the impact of multiple conditions on sexual health and the efficiency of various therapies, representing one of the most appropriate, helpful, well-known, and powerful diagnostic tools in this field [62].



After obtaining written informed consent, patients underwent FMS according to the following schedule: eight sessions of 25 min each, two times a week for thirty days, of FMS treatment with Dr. Arnold (DEKA, Calenzano, Italy). The Dr. Arnold device is made of a comfortable and ergonomic chair with a built-in electromagnetic device controlled by an external main unit designed for deep pelvic floor area therapy and has been CE-marked since July 2020. The electromagnetic coil is located under the seat. The patient is seated in a manner that centers the perineum on the chair, ensuring that stimulation and muscle contraction are directed toward the pelvic floor. Before each session of FMS, an operator adjusted the patient’s position to both ensure appropriate electromagnetic stimulation and individual wellbeing throughout the entire treatment period. According to the standard position, the patients should have their legs bent at a 90-degree angle, with thighs parallel to the ground and feet resting flat on the floor; if necessary, the seat height could be adjusted. During sessions 1 to 4, the Hypotonia/Weakness 1 protocol was followed; this consisted of a primary phase of warm-up and gentle muscle activation, then a subsequent stage of muscular activity focused on restoring tropism and enhancing muscle tone within a trapezoidal pattern, involving frequencies in the range of 20–30 Hz, requiring a total time of 25 min.



During sessions 5 to 8, the Hypotonia/Weakness 2 protocol was followed; this included an initial phase for warming up and activating muscles, followed by a muscle-focused segment aimed at enhancing tropism (volume), and subsequently, a muscle strengthening phase (40–50 Hz) characterized by a trapezoidal pattern, requiring a total time of 25 min.



As treatment was fully completed (T1), women repeated all three questionnaires, the IIQ-7, ICIQ-UI SF, and FSFI-19 questionnaires, and the results were compared to the T0 to determine the impact on QoL. The Patient Global Impression of Improvement (PGI-I) questionnaire allowed researchers to investigate the subjective cure rate. This tool is a 7-point scale that provides a self-evaluation of how much the patient’s condition has improved or aggravated after the treatment, compared to the baseline status. This scale is rated as 1, very much improved; 2, much improved; 3, minimally improved; 4, no change; 5, minimally worse; 6, much worse; or 7, very much worse [64]. An improvement compared to the baseline (PGI-I score ≤ 3) was considered a success.



This study protocol (protocol code PF-MAGCHAIR) was approved by the local Ethics Committee. After the failure of the normality check, which was conducted with Shapiro–Wilk’s test, the questionnaire scores were presented as median values along with the interquartile range (IQR). Before comparing the results extracted throughout the analysis, we used the Mann–Whitney’s U test to verify if pertinent covariates such as patients’ age, number of deliveries, and body mass index could provide any statistically significant differences in the baseline scores. The scores were compared using Wilcoxon’s signed-rank test. We set the significance threshold at 0.05 for all calculations. The analysis was performed with R 4.1 (the R Core Team, Vienna, Austria, 2021) for MacOS®.




3. Results


Our study recruited 58 patients in total. One of them (1.7%) was lost at follow-up. The remaining 57 women were analyzed. Population characteristics are shown in Table 1. Most women had at least one second- or third-line treatment before FMS, while the remaining naive patients had contraindications to pharmacological treatments. The median age was 65 years, IQR [65;75], with 77.2% of the women having given birth to one (n = 15, 26.3%) or two (n = 29, 50.9%) children. A total of 14.0% were nulliparous (n = 8); the remaining five had three children (n = 3, 5.3%) or more children (n = 2, 3.6%).



No adverse effects have been documented by any of the patients during the whole procedure. A summary of outcome assessments from subjective and quality of life surveys is presented in Table 2, both at baseline (T0) and upon completion of the treatment (T1).



The reduction in the IIQ7 scores (leakage severity) at T1, compared to T0, was statistically significant (p < 0.001) with a mean difference of 13.2 points, 95%CI [8.7;17.3] and an effect size of 0.802, 95%CI [0.500–1.098], thus supporting the clinical usefulness of this treatment. Moreover, at T1, we observed a statistically significant reduction in the ICIQ-UI SF scores compared to T0 (p < 0.001) with a mean difference of 2.46 points, 95%CI [1.54; 3.37], and an effect size of 0.71, 95%CI [0.42–0.99]. Sexual function also improved significantly (p < 0.001) with a mean difference of −1.69, 95%CI [−2.59; −0.80], and an effect size of 0.504, 95%CI [0.23–0.78]. Considering sexually active women only, a significant improvement was observed in the IIQ scores (p < 0.001, mean difference 14.63 points, 95%CI [7.567–21.69], effect size 0.86, 95%CI [0.39–1.31]), ICIQ-UI SF (p = 0.003, mean difference 2.16 points, 95%CI [0.80–3.52], effect size 0.66, 95%CI [0.22–1.01]), and FSFI scores (p = 0.001, mean difference −3.30, 95%CI [−5.19; −1.42], effect size 0.72, 95%CI [0.28–1.16]).



According to PGI-I scores, 42 (73.7%) women referred to some kind of improvement, scoring ≤ 3 points. Specifically, 8.7% of patients considered themselves very much improved (1), 29.8% much improved (2), 35.1% minimally improved (3), and 26.3% found no changes (4) (Figure 1).




4. Discussion


According to multinational guidelines, behavioral treatment should represent frontline therapy in the case of OAB. Magnetic stimulation offers some theoretical advantages over all other behavioral treatment options, including PFMT, functional electrical stimulation, and biofeedback. Compared to electrical stimulation and biofeedback, MS is a type of passive rehabilitation that is performed passively and with no need for vaginal probes, which may cause discomfort among patients due to potentially compromised vaginal habitability. Moreover, there is no need for the patient to get undressed during treatment [65]. In fact, patients sit in an ergonomic chair, as it is equipped with a height-adjustable backrest, so it is possible to enjoy complete comfort and relaxation during every session. Other negative aspects related to electrical stimulation and biofeedback involve low adherence to therapy and the documented affection caused by tissue impedance to electrical current, which instead does not impact the conduction of electromagnetic energy. Low compliance with first-line treatments concerns even PFMT, as many patients may not be able to perform correct and consistent contractions and training of pelvic floor muscles, leading to poor results in terms of symptom improvement [66].



On the contrary, MS is a first-line non-invasive, standardizable, and with no adverse effects treatment for OAB [67]. Specifically, FMS is the newest innovation in MS technology. This novel device works by inducing an electric current and provoking passive, vigorous contractions of pelvic floor muscle (PFM), targeting neuromuscular tissue. Magnetic stimulation-related electric currents cause neuron depolarization, inducing concentric contractions and lifting all PFMs, which result in being deeply stimulated as well as neuromuscular control being regenerated [68,69]. Moreover, the entire process leads to a modification of the muscular structure as fibers tend to become hypertrophic and hyperplasic. Leone et al. have previously documented this modification on abdominal muscles in 15 patients who underwent FMS, reporting an augmented muscular thickness 1 month after treatment in the four areas that had been targeted by therapy: upper, lower, lateral abdomen, and rectus abdominis diastasis [70]. Moreover, as a consequence of FMS, Frigerio et al. have reported substantial rhabdosphincter muscle hypertrophy, consisting of a 15.4% augmentation in muscular total volume [56]. This is particularly relevant, considering that strengthening the bladder outlet muscles is supposed to be effective in suppressing urgency. This makes FMS a promising device to treat urge urinary incontinence that can eventually be used as exclusive therapy or together with other pharmacological or physical procedures.



Our experience aimed to prospectively compare the short-term outcomes of FMS in patients with urge urinary incontinence and no other ongoing treatments, evaluating urinary symptoms at baseline and at the end of treatment. According to PGI-I scores, 42 (73.7%) women referred to some kind of improvement in their OAB symptoms after 8 sessions of FMS. Considering QoL outcomes, after the MS sessions, we reported a statistically significant decrease in the IIQ7 scores (a troubling amount of leakages) compared to baseline. In the same way, a statistically significant decrease in the ICIQ-UI SF scores was observed. Patients’ sexual function was assessed by the FSFI-19 questionnaire, and this study results demonstrate an improvement related to the impact of urge incontinence on patients’ sexual lives.



The effectiveness of FMS for mixed/stress and urge incontinence was previously highlighted by other studies; Lopopolo et al. investigated the impact of FMS on mixed urinary incontinence in 50 patients. Women underwent 6 sessions of treatment with the Dr. ARNOLD system (DEKA M.E.L.A. Calenzano, Italy), divided into two of them per week for 3 weeks, for approximately 30 min. Multiple questionnaires were used for the assessment of the urinary symptoms before, within, and 3 months after the treatment period: ICIQ-UI-SF, Incontinence Questionnaire Overactive Bladder Module (ICIQ-OAB), and IIQ-7. Data suggested that FMS technology could reduce mixed urinary incontinence symptoms for all the patients in this study, reflecting an improvement in their QoL [71]. Biondo et al. analyzed 46 female patients reporting urge urinary incontinence who underwent a total of 8 treatment sessions performed twice a week for 4 consecutive weeks for 28 min. Immediately before each treatment and up to 3 months of follow-up, two questionnaires, IIQ-7 and ICIQ-OAB, were used. They concluded that the protocol used led to a decrease in urge incontinence complaints, achieving good results and improving patients’ QoL without risk [72]. In a prospective study, Doğanay et al. documented the long-term effects induced by extracorporeal magnetic stimulation on 69 patients with urge incontinence who performed 16 sessions of treatment. At 6-month follow-up, patients in both groups had a significant improvement in QoL, related to a significant decrease in leakage episodes and daily pad use [73].



Strengths of our study involve the prospective design in which a clinical urogynecological evaluation was offered to each patient, the exhaustive assessment of benefits—in particular, subjective and objective curative rate and several validated QoL questionnaires—and the low percentage of lost patients at follow-up (1.7%, 1 out of 58). Limitations are represented by the lack of a control group and a small sample size.




5. Conclusions


Our experience demonstrated that FMS constitutes a safe and effective option for treating naive and refractory urge urinary incontinence in terms of objective and subjective cure rate, with no adverse effects described as well as a high level of acceptance for the patients.
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Figure 1. PGI-I scores. 






Figure 1. PGI-I scores.



[image: Medicina 59 01999 g001]







 





Table 1. Baseline population characteristics. ICIQ-UI SF: International Consultation on Incontinence Questionnaire–Urinary Incontinence Short Form; FSFI-19: Female Sexual Function Index; IIQ-7: Incontinence Impact Questionnaire. Continuous data as mean ± standard deviation. Non-continuous data as absolute (relative) frequency.
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	Age (years)
	64.6 ± 11.5



	Parity (n)
	1.6 ± 1.0



	Previous second-line treatments (n)
	0.7 ± 1.0



	Previous third-line treatments (n)
	0.1 ± 0.3



	Total previous second- and third-line treatments (n)
	0.8 ± 1.0



	ICIQ-UI SF score (T0)
	11.7 ± 4.9



	IIQ-7 score (T0)
	41.7 ± 23.0



	FSFI-19 score (T0)
	9.2 ± 10.4










 





Table 2. Baseline (T0) versus end-of-treatment (T1) comparison. Data are reported as medians and interquartile ranges. ICIQ-UI SF: International Consultation on Incontinence Questionnaire–Urinary Incontinence Short Form; FSFI-19: Female Sexual Function Index; IIQ-7: Incontinence Impact Questionnaire; PGI-I: Patient Global Impression of Improvement. n/A: not applicable.
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	Questionnaire
	Baseline (T0)
	End of Treatment (T1)
	p-Value





	IIQ-7
	33 [27.5–55.0]
	27.5 [11.0–44.0]
	<0.001



	ICIQ-UI SF
	13 [8–16]
	8 [6–13]
	<0.001



	FSFI-19
	1.2 [1.2–18.5]
	2.7 [1.2–21.4]
	<0.001



	PGI-I
	n/A
	3 [2–4]
	n/A
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