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	Fecal Incontinence (FI) affects 8-15 % of the US population, predominantly women and elderly, and 45% of nursing home residents. It significantly impairs quality of life and poses a major health care burden. FI is characterized by significant neuromuscular dysfunction of the pelvic floor that includes bilateral lumbo-anorectal and sacro-anorectal neuropathy and sensori-motor dysfunction. This multifactorial etiology suggests that maladaptive neuroplastic changes in the neural innervation of lower gastrointestinal tract could play a significant role in the pathogenesis of FI. A critical barrier to progress in the treatment of FI is the lack of understanding of how treatments affect the core pathophysiological mechanisms of FI, and the absence of mechanistically based non-invasive therapies. Our goal is to address the problem of FI by developing therapies that modulate peripheral and central neuronal perturbations and thereby improve visceromotor control and sensori-motor dysfunctions, and to understand the neurobiologic basis of these treatments. Our central hypothesis is that a novel non-invasive treatment consisting of repetitive translumbar magnetic stimulation (rTLMS) and repetitive transsacral magnetic stimulation (rTSMS) will significantly improve FI by enhancing peripheral and central neural excitability and will provide a multidimensional therapeutic benefit- enhance anal muscle strength, improve stool perception and improve rectal capacity. Our approach is based on our preliminary studies which suggest that repetitive translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) improve anorectal pain and neuropathy and induce central neuroplastic changes. Our objectives are to 1) address the significant gap in our knowledge regarding the peripheral and central neuroenteric axis and how perturbations in the afferent and efferent neural signaling can affect FI; 2) develop a new treatment for FI with repetitive magnetic stimulation and determine the feasibility, safety and optimal frequency setting of rTLMS and rTSMS; 3) determine the mechanistic basis for this neuromodulation therapy; 4) identify if the locus for improvement lies in the afferent or efferent signaling or both. 

Our expected outcome include development of new treatment approaches for FI which are mechanistically based, effective, safe, low cost, less invasive, low risk and less dependent on patient compliance.
The impact of our project include a new non-invasive treatment modality for FI, a scientific basis for the development of this treatment and improved understanding of the peripheral and central neuroenteric axis in FI. 

Aim 1: Test the hypothesis that neuromodulation therapy with combined repetitive translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) improves symptoms in FI patients. We will evaluate the efficacy, safety and optimal frequency setting of rTLMS and rTSMS for FI by investigating whether 6 sessions of weekly therapy with 1 Hz or 5Hz or 15 Hz magnetic stimulations of the lumbar and sacral regions provides therapeutic response in FI patients. We will randomize 48 patients with FI and assess symptoms and anorectal function. The primary outcome measure will be the reduction in number of episodes of FI. The secondary outcome measures will be i) bowel symptoms/severity (FISI, FICA), ii) quality-of-life (FI-QOL), iii) psychosocial function, iv) anal sphincter pressures, v) rectal sensation, vi) rectal compliance. A safety assessment will monitor adverse effects.

Aim 2: Test the hypothesis that repetitive translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) will improve FI symptoms and anorectal function through modulation of ascending and descending signaling pathways in the neuroenteric axis. We will investigate the mechanistic basis for rTLMS/rTSMS therapy by examining the neuroenteric axis. We will examine rectal and anal motor evoked potentials (MEPs) in 48 FI patients with transcranial, translumbar and transsacral magnetic stimulations (descending signaling), before and after 6 sessions of therapy with 1 Hz or 5 Hz or 15 Hz magnetic stimulations. Also, we will examine the cortical evoked potentials (CEP) after anal and rectal stimulation (ascending signaling). We will determine whether rTLMS and rTSMS therapy shortens latency and increases amplitude and area under curve (AUC) of anal and rectal MEPs and ano-cortical and recto-cortical CEPs when compared to baseline. We will identify if the locus for improvement lies in the afferent signaling, efferent signaling or both and whether the neuroplastic changes are central or peripheral. The primary outcome measure for efferent signaling will be the latency of lumbo-anal and sacro-anal MEP responses and for afferent signaling will be the latency of ano-cortical CEP. Secondary outcome measures include anal and rectal electrical sensory thresholds, lumbo-rectal and sacro-rectal MEPs and recto-cortical CEPs and correlations of FI episodes and bowel symptoms with changes in latency and MEP measurements. 
RESEARCH STRATEGY
B. SIGNIFICANCE: 
Fecal incontinence (FI), affects 8-15% of the ambulatory US population [1,2], predominantly women and elderly and 45% of nursing home residents [3,4]. It adversely affects quality of life and psychosocial function and poses a major health care burden [5]. A significant problem has been lack of effective therapies for FI. A critical barrier to progress in the treatment of FI is the lack of understanding of how treatments affect the core pathophysiological mechanisms of FI, and the absence of mechanistically based non-invasive therapies. Our goal is to address the problem of FI by developing therapies that modulate peripheral and central neuronal perturbations and thereby improve visceromotor control and sensori-motor dysfunctions, and to understand the neurobiologic basis of these treatments. Our central hypothesis is that a novel non-invasive treatment with combined translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) will significantly improve FI by enhancing peripheral and central neural excitability and will provide a multidimensional therapeutic benefit- enhance anal muscle strength, improve stool awareness and improve rectal capacity. Our hypothesis is based on the understanding that FI is characterized by significant neuromuscular dysfunction of the pelvic floor that includes bilateral lumbo-anorectal and sacro-anorectal neuropathy and sensori-motor dysfunction. Eighty percent of FI patients demonstrate more than one abnormality that involves the sphincters, puborectalis, pudendal nerves, or rectal sensation or capacity [6–8]. This multifactorial etiology suggests that maladaptive neuroplastic changes in the neural innervation of the lower GI tract or a progressive neuropathy could play a significant role in the pathogenesis of FI [7,9]. This approach stems from our preliminary studies which suggest that repetitive translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) improves neuropathy and anorectal pain in patients with levator ani syndrome [10], and induces central neuroplastic changes that are frequency-dependent [11,12]. Our objectives are to 1) address the significant gap in our knowledge regarding the peripheral and central neuroenteric axis and how perturbations in the afferent and efferent neural signaling can affect FI; 2) develop a new treatment for FI with repetitive magnetic stimulation and determine the feasibility, safety and optimal frequency setting of rTLMS and rTSMS; 3) determine the mechanistic basis for this neuromodulation therapy; 4) identify if the locus for improvement lies in the afferent or efferent signaling or both. 
The proposed project will improve scientific knowledge, technical capability, and/or clinical practice as they relate to FI by addressing the significant gap in our knowledge regarding the peripheral and central neuroenteric axis in patients with FI, and how perturbations in the afferent and efferent neural signaling can affect FI. This lack of understanding may explain why anal sphincter pressures or rectal sensation remain unchanged after SNS therapy but patients report symptomatic improvement [13–17].  Current treatment for FI is unsatisfactory and at best 25-40% of patients achieve continence [14,18–22], and the vast majority continue to suffer. Moreover, previous studies have not systematically examined anorectal sensori-motor function, rectal capacity and bidirectional brain and gut axis simultaneously in FI, especially after therapeutic interventions.  Most have focused on symptomatic improvement for defining the end point of their clinical trial without objective appraisal of outcomes. Our proposal will objectively evaluate the scientific basis of this therapy and correlate this with bowel symptoms and physiological changes. 
When the aims of this project are achieved the concepts, methods, technologies, treatments, services, or preventative interventions related to treatment of FI will be changed as a result of 1) development of a new non-invasive therapy for FI that modulates peripheral and central neuronal perturbations to improve visceromotor control and sensori-motor dysfunctions; 2) demonstration that treatment with translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) will significantly improve FI by enhancing peripheral and central neural excitability; 3) a new understanding of the peripheral and central neuroenteric axis in FI, and how these neurobiologic mechanisms regulate bowel function in FI. 

INNOVATION: 
This application challenges and seeks to shift current research and clinical practice paradigms in FI by proposing a new treatment that is non-invasive, low cost, low risk and has a multidimensional therapeutic effect. Unlike other commonly used therapies for FI such as antidiarrheals [18], surgical sphincter repair [23] or sphincter bulking agents (NASHA dx) [24] that are designed to correct only one of the myriad pathophysiologic mechanisms that cause FI, our unique approach of repetitive magnetic stimulation targets the peripheral spinal tracts, non-invasively, and through neuronal modulation could lead to peripheral and central neuroplastic changes. We seek to shift current treatment paradigms in FI by altering the key underlying pathophysiological changes in nerve and muscle function, rectal sensation, rectal compliance and pelvic floor- brain function.  
This application builds upon the core concept of improved brain-gut signaling and neural stimulation and on the metrics we have developed to comprehensively examine the pathophysiology of pelvic floor problems such as dyssynergic defecation [25,26] and irritable bowel syndrome [27,28] and monitor therapeutic changes [10,12].  Sacral nerve electrical stimulation (SNS) is approved for treatment of FI, but requires a two stage neurostimulator implantation under anesthesia in the operating room [29], is expensive and invasive, and has serious complication rate of ~15%, [14,30]. Furthermore, its mechanism of action is unknown, outcome unpredictable, lacks sham controlled trials, and only 25% achieve continence [13–16,30,31]. The advantages of our approach over SNS are that magnetic stimulation is non-invasive, less expensive, has no serious complication rate and is based on sham-controlled studies which show that repetitive transcranial magnetic stimulation (rTMS) is effective in major depression [32,33], refractory auditory hallucinations (AH) [34], tinnitus [35] and visceral pain [36].  We demonstrated that it is effective in post-stroke dysphagia [37], and this effect is achieved by modifiying the underlying neuropathobiology [37–39]. 
The unique aspect of our study is magnetic stimulation of the peripheral spinal roots, a concept that has not been tested in patients with FI. Magnetic stimulation is non-invasive, safe, and less costly than SNS. Our project will provide important new mechanistic insights regarding the mode of action of rTLMS and rTSMS, and the results could have immediate clinical implications. Furthermore it expands on our long-term strategy of gaining insights into the neurobiologic mechanisms of pelvic floor disorders [7,8,26,27,40]. Upon successful completion of our aims, we will be prepared to perform a subsequent multicenter study of active versus sham controlled rTLMS and rTSMS, and examine the predictors of response including genotype and phenotype. 
A potential new application for our intervention with rTLMS and rTSMS could be the treatment of other pelvic floor disorders such as urinary incontinence, interstitial cystitis and pelvic pain. Our ground-breaking work in defining the optimal frequency setting for magnetic stimulations will be a significant advantage when planning studies for these disorders because, the same pelvic nerves are maladaptive in these other disorders [41–44]. Also, our approach of investigating the efficacy and safety along with anorectal physiology, QOL, brain-gut neurophysiology and newly refined patient reported outcome instruments, will break new ground and lay the foundation for the development of rigorous clinical trials in FI. Our unique ability to perform the following experiments is demonstrated by our preliminary data above, unique medical and collaborative research expertise, highly qualified personnel, established and dedicated neurophysiology and rTMS labs. 
 
APPROACH:
Overall strategy- Our goal is to address the problem of FI by developing therapies that modulate peripheral and central neuronal perturbations and thereby improve visceromotor control and sensori-motor dysfunctions, and to understand the neurobiologic basis of these treatments. Our objectives are to 1) address the significant gap in our knowledge regarding the peripheral and central neuroenteric axis and how perturbations in the afferent and efferent neural signaling can affect FI; 2) develop a new treatment for FI with repetitive magnetic stimulation and determine the feasibility, safety and optimal frequency setting of rTLMS and rTSMS; 3) determine the mechanistic basis for this neuromodulation therapy; 4) identify if the locus for mechanistic improvement lies in the afferent or efferent signaling pathways or both. 

Aim 1: Test the hypothesis that neuromodulation therapy with combined repetitive translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) improves symptoms in FI.
	Table 1
	Incontinence n= 48
	Controls n=20
	p

	TL-rMEP (msec)
	3.9 (3.5-4.2)
	2.8(2.6-3.1)
	0.001

	TS-rMEP (msec)
	4.4(4-4.8)
	2.7(2.3-3.1)
	0.0001

	TL-aMEP (msec)
	5.7 (3-6.4)
	3.1(2.5-3.6)
	0.0001

	TS-aMEP (msec)
	4.9(2.6-8.5)
	2.9(2.5-3.4)
	0.0001


Rationale: Current FI treatments are inadequate because they do not remedy the core multifactorial pathophysio-logical dysfunctions: sphincter weakness, neuronal perturbations, rectal capacity and anal/rectal sensory dysfunction. Our approach is supported by preliminary studies that demonstrated: 1) FI patients have significant lumbo-rectal (TL-rMEP), sacro-rectal (TS-rMEP), lumbo-anal (TL-aMEP) and sacro-anal (TS-aMEP) neuropathy as evidenced by prolonged MEP at all four sites when compared to healthy controls [8] (Table1.).
We expect to show that magnetic stimulation of lumbosacral spinal tracts will improve neuropathy in patients with FI and this will lead to improvement in symptoms of FI. 2) Repetitive lumbar and sacral magnetic stimulation significantly improved mean pain score (0-3), from 2.7 to 0.9, and peripheral nerve conduction as measured by MEP (Fig 1) in 3 subjects with refractory levator ani syndrome [10]. This shows that lumbo- sacral magnetic stimulation can improve neuropathy and anorectal symptoms, and provides a basis for our approach of performing peripheral repetitive magnetic stimulation in FI.  3) Different frequencies of peripheral or central magnetic stimulation have differential effects on effector organs [11,12]. We found that 15 Hz but not 5Hz or sham rTLMS enhanced anal EMG amplitude. Also, 1 Hz but not 10 Hz or sham rTLMS improved rectal and anal sensation and pain [45]. Hence, the optimal frequency for peripheral magnetic stimulation is unclear [45]. By testing 3 different frequencies, we expect to gain new knowledge on optimal frequency of rTLMS/rTSMS and develop an effective treatment modality. 
Proposed Experiment 1. Test the efficacy, safety and optimal frequency setting of rTLMS and rTSMS. DESIGN: We will investigate whether a randomized dose (frequency) response study of 6 sessions of weekly therapy with 1 Hz, 5 Hz or 15 Hz lumbar and sacral magnetic stimulation will improve FI, as assessed by:
1.A. The number of incontinence episodes/week—primary outcome measure
1.B. (i) Bowel symptoms (stool frequency, consistency, urgency), and severity (FISI, FICA,SGA), (ii) FI Quality of life (FI-QOL), (iii) Psychological function (Rome III psychosocial symptom questionnaire), IV) Anal resting, squeeze and sustained squeeze pressure, (v) Rectal sensation (changes in thresholds for first sensation, desire to defecate, urgency to defecate), (vi) Rectal compliance - secondary outcome measures
 
Study Subjects and Recruitment:  We will recruit subjects from 2 academic centers, Augusta, USA and Manchester, UK, where 5 new patients with FI are seen each week per center. We will perform 180 rTMS therapy sessions in year 1 (30 patients) and 108 in year 2 (18 patients), and with 4 half-day therapy sessions/week these studies can be accomplished. We will facilitate recruitment by advertising in the hospital newsletter, place posters, and email colleagues. Forty eight adult, out-patients, 21-80 years old with FI, defined as at least 1 episode of solid or liquid stool leakage per week will be recruited for this eight-week study. All patients will provide a detailed history and undergo physical examination, structural (colonoscopy) and biochemical evaluation, anorectal manometry, anal ultrasound (Appendix 1) , and balloon expulsion test [46]. Once eligible for screening, they will sign a consent form and maintain a 2-week prospective stool diary (Appendix 2). If the diary confirms FI and the inclusion criteria are met, they will be enrolled into the studyFig 2

[image: E:\GRU Res Scholar\GRU Research 2\Clinical trials\New NIH - rTMS IBS-FI\FI R21 Flowchart - revised 5.jpg]Inclusion criteria: a) Recurrent episodes of FI for 6 months; b) No mucosal disease (colonoscopy + biopsy); and c) On a 2-week stool diary patients reported at least one episode of solid or liquid FI/week.
Exclusion Criteria: Patients with 1) severe diarrhea (>6 liquid stools/day, Bristol scale >6); 2) on opioids, tricyclics (except on stable doses > 3months); 3) active depression; 4) comorbid illnesses, severe cardiac disease, chronic renal failure or previous gastrointestinal surgery except cholecystectomy and appendectomy; 5) neurologic diseases (e.g. head injury, epilepsy, multiple sclerosis, strokes, spinal cord injury); 6) impaired cognizance (mini mental score of < 15/25) and/or legally blind; 7) metal implants, pacemakers; 8)  previous pelvic surgery, bladder repair, radical hysterectomy; 9) ulcerative and Crohn’s colitis; 10) rectal prolapse, anal fissure, anal surgery or inflamed hemorrhoids; 11) pregnant women 12) nursing mothers.
Study Protocol (See Flow Chart, Fig. 2): Enrolled patients will be asked to fill out incontinence, FISI [47], FICA [48], FI-QOL [49] questionnaires and a global assessment scale (SGA) and the Rome III Psychological Alarm Questionnaire [50] at baseline and after treatment  (Appendices 3-8). Next, patients will undergo CEP, TMS, TLMS and TSMS studies (Appendices 9-11) as described below (see under AIM 2), and these tests will be repeated after the 6th session to assess brain-pelvic floor function. Next, patients will be randomized to one of 3 treatment groups, 1 Hz, 5Hz or 15 Hz frequency of rTLMS and rTSMS. The order of lumbar or sacral stimulations and the right or left side will be randomized. Six sessions of treatment will be given at weekly intervals (Appendix 12). Daily stool diaries will be kept (Appendix 1). 
Randomization procedures: We will use the permuted blocks method to ensure balance among the 3 treatments, and at each center while making it highly improbable to predict the next treatment assignment. Serially numbered sealed envelopes containing the assignment will be used. 
Magnetic Stimulator
Probe
 
Fig 4

rTLMS and rTSMS therapy: With subject lying prone, a probe (Fig 3) with 2 pairs of bipolar steel ring electrodes, each 2 cm apart, is placed in the rectum. The proximal pair will record rectal MEP and the distal pair located at 1 cm from anus will record anal MEP. At each site a mapping procedure is performed with single stimulus coil (Magstim 200; MAGSTIM, Whitland, UK) to assess the motor threshold, defined as the minimum level of magnetic stimulation intensity required to achieve an anal and rectal MEP response of 10 microvolts and an anterior tibialis MEP of 20 microvolts with 50% of trials. Bilateral lumbar stimulations (rTLMS) are administered at L2/L3 disc space, 3-4 cm lateral to the midline on each side, and sacral stimulations (rTSMS) at S2/S3 level. The intensity for rTLMS/rTSMS is set at either 50% above this threshold or capped at 70% of stimulation output to comply with safety guidelines whichever is lesser. Next a 70 mm air film self-cooling coil ( MAGSTIM Rapid2) is positioned randomly over one of the 4 sites (right or left lumbar/ right or left sacral), held in place by a coil fixator and 300 stimulations are delivered (Fig 4). After a 5 min rest the cycle is repeated (Total =600/site). The coil is moved to the opposite side and after a rest period of 10 min, the stimulations will be repeated until all 4 sites have been stimulated (Total per session=2400). Patient will be monitored for any adverse events. The operator performing rTLMS will not be involved with data analysis. Fig 3


Measures and Outcomes: The (blinded) results obtained for the symptomatic, physiologic, and QOL measures, before and after treatment, and the differences between the 3 treatment frequencies will be compared.
1. The primary outcome measure will be the change in weekly episodes of FI. A responder will be defined as an individual who shows at least 50% reduction in FI episodes when compared to baseline 2. Secondary outcome measures include: i) Bowel symptoms and severity: Stool frequency, consistency (Bristol Stool scale, 1-7), and urgency will be assessed from stool diaries, and global assessment of bowel satisfaction (Likert scale), and by validated FISI and FICA scales [47,48]. ii) FI- QOL: Assessed by changes in 8 domains [49]. iii) Psychological function: Assessed by Rome III questionnaire [50]. iv).Anal Sphincter function: Anal resting, squeeze and sustained sphincter pressures [51]. v). Rectal sensation: This will be assessed from sensory thresholds for first, desire and urge to defecate [51]. vi) Rectal compliance:  assessed by dv/dp [51]. 
	SD
	Precision

	0.10
	0.053

	0.15
	0.080

	0.20
	0.107

	0.25
	0.133

	0.30
	0.160


Safety assessment will be performed by reviewing the daily symptom/stool diary and by direct inquiry at weekly visits for known or unknown events. If FI worsens or adverse events occur, patient will be withdrawn from study and a safety analysis will be performed by DSMB to determine its relationship to treatment. Table 2


Power And Sample Size Calculations - To estimate the percent change (from baseline) in the number of episodes of FI a 95% confidence interval will be calculated for each group (1 Hz, 5 Hz, and 15 Hz). Table 2 shows the values of the precision (that can be attained with the 95% C.I.) for various SD for a sample size of 16 (PASS 2008, NCSS, LLC, Utah, US). Since the % change will be estimated for each group, a sample size of 16 will be needed for each treatment group, for a total of 48 FI patients.
Statistical Analyses: To estimate the percent change in FI episodes for each treatment group (1, 5 and 15 Hz), a mean with a 95% CI will be calculated. To examine the changes from baseline in the various quantitative outcome measures, a paired t-test will be used (if the data is distributed normally). For data that is not normally distributed (including ordinal measures), a Wilcoxon Signed Rank (non-parametric) Test will be used. Data will be analyzed as intent-to-treat and per protocol.
Anticipated Results & Interpretation: We expect rTLMS and rTSMS treatment to demonstrate a multidimensional therapeutic benefit: 1) a dose dependent reduction in FI episodes with 15Hz showing the greatest responder rate. 2) a 30% improvement in FISI and FICA scores and 30% change in global bowel satisfaction. 3) improved QOL and psychosocial domains. 4) a 20% increase in squeeze pressures indicating stronger muscles from increased neuronal excitability. 5) improved perception of stooling and decreased urgency from neuronal-mediated changes in rectal sensation, tone and reservoir capacity. 

Potential problems, pitfalls and solutions: 1) If all 3 frequencies fail, alternative strategies may include lower (0.5 Hz) or higher frequency (20 Hz) or biweekly therapy. 2) Manometric but not sensory parameters might improve, revealing a motor and not a sensory basis for improvement. 3) Alternatively, sensitivity alone may improve suggesting that treatment affects sensitivity and not motor function. 4) Symptoms may improve without changes in CEP or MEP indicating that FI symptoms are unrelated to CEP/MEP. 5) If only the CEP or MEPs change it indicates that treatment affects only afferent or efferent signaling. 6) Unexpectedly, FI may worsen or adverse events may occur; we will perform an interim analysis after 50% enrollment to review options.
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Aim 2: Test the hypothesis that repetitive translumbar magnetic stimulation (rTLMS) and transsacral magnetic stimulation (rTSMS) will improve FI symptoms and anorectal function through modulation of ascending and descending signaling pathways in the neuroenteric axis. 
Rationale: A critical barrier to progress in treating FI is the lack of mechanistic understanding of how treatments affect FI. Our hypothesis is that rTLMS and rTSMS treatment will improve FI by enhancing peripheral and central neural excitability and modulating ascending and descending signaling pathways in the neuroenteric axis. This approach is based on our preliminary work; 1) SNS at 15 Hz reduced corticoanal representation and excitability in FI [12]. 2) Lumbosacral stimulation at 5 Hz and 15 Hz produced differential effects on cortical CEP [11]. 3) rTLMS and rTSMS improved lumbo-anorectal and sacro-anaorectal MEPs in levator ani syndrome [10]. These findings reveal that peripheral nerve stimulation induces short-term central and peripheral neuroplastic changes, symptom improvement and that frequency of magnetic stimulation affects sensori-motor responses. We expect to characterize the afferent and efferent brain and gut pathways in FI and provide mechanistic insights regarding the effects of magnetic stimulation on neuronal conduction as well as determine how various frequency settings can influence treatment response.	
Proposed Experiment 2. Investigate the Mechanistic Basis for rTLMS/rTSMS therapy by examining the bi-directional pelvic floor-brain neuroenteric axis: 
DESIGN: We will examine rectal and anal MEPs with transcranial (TMS), translumbar (TLMS) and transsacral  (TSMS) magnetic stimulations (descending signaling), before and after 6 sessions of therapy with 1,5 or 15 Hz rTLMS and rTSMS. Also, we will examine the cortical evoked potentials (CEP) after anal and rectal stimulation (ascending signaling). The primary outcome measure for efferent signaling will be the latency of lumbo-anal and sacro-anal MEP responses and for afferent signaling will be the latency of ano-cortical CEP. Secondary outcome measures include anal and rectal electrical sensory thresholds, lumbo-rectal, sacro-rectal MEPs and recto-cortical CEPs, amplitude and area under curve (AUC) of anal and rectal MEPs and correlations of FI episodes and bowel symptoms with changes in latency and MEP measurements.
Subjects: All 48 FI patients enrolled in Aim 1 will be invited to participate, and studies will be performed after screening visit and last treatment session. We anticipate good compliance because there are no extra visits.
MEP assessment:  For TMS, patients will be placed in a reclining chair. A Double Cone coil (Magstim) will be placed 2-3 cm lateral to scalp vertex (Cz), bilaterally, and discharged at 50% of stimulator output, and increased in 5% steps until an MEP response of >10µV for the anus/rectum and 100µV for tibialis are recorded with 3/6 trials using the anorectal probe and neurophysiology recorder (Nihon Kohden, Japan) [8,27,40,52]. For TLMS and TSMS, patient is placed in prone position and a circular coil is placed on the lumbar and sacral regions, bilaterally as described in Fig 3, and anal and rectal MEPs will be determined.
Measures and Outcomes: A researcher blinded to whether the study is baseline or post-therapy and the frequency paradigms will assess the characteristics of MEP The anal sphincter MEP and rectal MEP responses are averaged to reduce any trial-to-trial variation and analysed for following parameters. 1) The primary measures will be the onset latency of anal and rectal MEP response to TMS, TLMS and TSMS. 2) The mean amplitude of anal and rectal MEP responses 3) MEP Index: The area under the curve of the MEP response. 4) Symptom correlation: Correlate bowel symptoms (FI episodes), severity and physiological changes with MEP latency. 5) The effect of different frequency stimulations on anal and rectal MEPs.
Amplitude
Fig 5

CEP Assessment: A probe (Fig 3 ) is placed in rectum and connected to a stimulator (Nihon-KohdenTM,Japan). Randomly, rectal and anal electrical stimulation will be performed to assess threshold for 1st sensation and pain by increments of 1 mA. The CEPs will be recorded using silver chloride surface electrodes, positioned at the vertex (Cz), and right ear lobe [27,52,53]. For rectal and anal CEP assessment, four runs of 50 stimuli will be given at 50% pain threshold. 
Measures and Outcomes: Data (blinded) will be compared between baseline and post-therapy and the 3 frequencies for; i) CEP: a grand average of the 4 runs of CEPs for anal and rectal stimulation will be used to measure the latency of P1, P2, N1 and N2 and amplitudes and area under curve (Fig 5). ii) anal and rectal sensory thresholds. iii) Correlate CEP changes with FI episodes.
Statistical Analyses: Paired t-test or Wilcoxon signed rank test will compare the anal and rectal CEPs and MEPs before and after treatment in each group and between FI patients and historical controls. Pearson or Spearman correlation coefficients will examine the relationship between changes in CEP and MEP latencies and sensory thresholds and between the three frequencies as well as no of FI episodes and bowel symptoms. 

Anticipated results & Interpretation: We expect to demonstrate mechanistic basis for improvement in FI after rTLMS/rTSMS as evidenced by: 1) shortened latency and increased amplitude of anal and rectal MEP’s after brain and peripheral stimulation as compared to baseline and historical controls indicating improved efferent brain and gut signaling. 2) shortened latency of anal and rectal CEP’s and decreased anal and rectal sensory thresholds will indicate improved afferent signaling, and scientific basis for enhanced stooling sensation and afferent neuromodulation. 3) greater magnitude of effect with 15 Hz indicating a dose dependent response with rTLMS/rTSMS. 4) strong correlation of FI symptoms with improved MEP and CEP responses.

Potential problems, pitfalls and solutions: 1) If treatment is ineffective, this proposal will provide valuable mechanistic insights regarding peripheral and central neuroenteric regulation in FI. 2) A lack of neurophysio-logical changes but improvement in FI will suggest an alternative mechanistic pathway for symptomatic improvement. 3) The neurophysiologic changes may improve but symptoms may not, suggesting that FI symptoms are not due to neuroenteric dysregulation. 4) If the 5Hz or 1 Hz frequency shows greater efficacy it will reaffirm our rationale for testing different frequencies and support the use of 5Hz for future trials. 5) Significant abnormalities in central signaling together with a lack of improvement in FI indicates that peripheral stimulation is not effective and repetitive transcranial (central) stimulation should be considered.

Data and Safety Monitoring Board (DSMB) and Plan: A DSMB will be set up and will meet quarterly to review safety. In case of adverse event, IRB, NIH Office of Biotechnology Activities and FDA will be informed.
DATA MANAGEMENT: Data will be collected on paper case report forms (appendices (1-12), and entered into a secure database, stored and backed up, with restricted access.
TIMELINE: NOV 2014-OCT 2015: (1) Recruit 30 subjects with FI for AIM 1 & AIM 2. (2) Interim analysis - AIM 1 and 2 (3) Commence monthly study group and bimonthly safety monitoring meetings. 
NOV 2015–OCT 2016: (1) Recruit 18 subjects for AIMs 1 & 2 and complete enrollment (n=48). (2) Complete data analysis for AIMs 1 & 2, submit abstract and write manuscripts. 
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