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Abstract

Introduction |Interstitial cystitis/bladder pain syndrome (IC/BPS) is a chronic pain condition creating a wide range

of urologic and pain symptoms. There is currently limited evidence to understand the mechanisms of IC/BPS. There
have been recent studies suggesting that altered function in brain motor areas, particularly the supplementary motor
cortex (SMA), relates to altered bladder sensorimotor control and may play an important role in IC/BPS. This study
aims to provide evidence that non-invasive stimulation targeting the motor cortex may help reduce IC/BPS pain,

as well as better understand the neural mechanism by which this stimulation targets neuromuscular dysfunction.

This study is a two-group quadruple-blinded randomized controlled trial (RCT) of active vs. sham repetitive transmag-
netic stimulation (rTMS). In addition, our study will also include functional magnetic resonance imaging (fMRI), pelvic
floor electromyography (EMG), pelvic exam, and outcome measures and questionnaires to further study outcomes.

Ethics and dissemination All aspects of the study were approved by the Institutional Review Board of the University
of Southern California (protocol HS-20-01021). All participants provided informed consent by the research coordina-
tor/assistants. The results will be submitted for publication in peer-reviewed journals and disseminated at scientific
conferences.

Trial registration ClinicalTrials.gov NCT04734847. Registered on February 1, 2021.

Keywords Chronic pain, Transcranial magnetic stimulation, Pelvic floor muscles, Bladder pain syndrome, BPS,
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Strengths and limitations of this RCT design

« Randomized controlled trial (RCT) examining the
changes in functional magnetic resonance imaging
(fMRI) and brain or pelvic floor muscle electromyo-
graphic (EMQ) activity to determine the mechanism
of rTMS for IC/BPS.

+ Study design quadruple-blinded RCT with an inter-
ventional model of parallel assignment and multiple
levels of blinding (participant, care provider, investi-
gator, outcome assessor).

+ High-frequency repetitive transcranial magnetic
stimulation (rTMS) to the pelvic region of supple-
mentary motor area, which we refer to as pelvic-
SMA, that regulates pelvic floor muscle activity. Pel-
vic-SMA was previously identified to be a region of
neural dysfunction in IC/BPS.

« Functional magnetic resonance imaging (fMRI) to
measure changes in pelvic-SMA target previously
described, performed 1 h before and after rTMS
treatment to show the comparative change in brain
activity post-rTMS treatment.

+ Electromyography (EMG) via internal pelvic floor
sensor will be examined during the first treatment
(day 1) and during the last treatment (day 5) to assess
rTMS-related changes in pelvic floor muscle (PFM)
activity.

o Study design reduces risk of treatment variables
impacting the effect of rTMS on outcomes, as par-
ticipants are asked to discontinue other IC/BPS treat-
ments during the 6-week participation in the study, if
possible. If this is not medically advised by the study
physician, participants will be asked to report other
concurrent treatments.

+ Limitations include not varying the stimulation
intensity or number of sessions per group.

Background

New potential mechanisms of interstitial cystitis/bladder
pain syndrome (IC/BPS) in women have recently been
proposed [1]. One newly proposed mechanism identi-
fied by functional magnetic resonance imaging (fMRI)
is altered activity in sensorimotor cortex, particularly
supplementary motor area (SMA), that may lead to dys-
regulated pelvic floor activity [2, 3]. This mechanism is
of particular interest because there is strong evidence
showing the benefits of motor cortical rTMS, aligned
with the cortical representation of the painful body
region, in treating neuropathic pain [4]. Previous stud-
ies of rTMS for pain do not typically target a particular
marker of altered brain function. Therefore, we designed
a study to evaluate whether active rTMS can improve IC/
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BPS symptoms and whether these changes are related
to fMRI-identified changes in brain function would be
valuable.

Objectives

(1) Primary objective: to reduce pain in IC/BPS, (2) to
improve brain and muscle activity in IC/BPS, (3) tertiary
objective: to explore if reduced pain is mediated by brain
and muscle activity marker improvements.

Study design and methods

Study design

Two-group randomized controlled trial (RCT) of active
versus sham rTMS. rTMS uses pulses of magnetic energy
to non-invasively stimulate the brain. The rTMS device to
be used in this study is the Magstim Rapid®. The rTMS
device can either connect to a “active” coil (used in the
active group) which rests against the scalp and delivers
the magnetic energy to the brain or can be connected to
an identically appearing “sham” coil (used in the sham
group) that also rests against the scalp but does not
deliver any magnetic energy to the brain. The rTMS pro-
tocol is specified by the parameters of pulse frequency,
duration of pulse delivery (“train duration”), intensity,
and stimulation location.

Our study proposes to have the active rTMS group
receive a previously described rTMS protocol for treat-
ment of patients with chronic pain in research studies
(a “high-frequency protocol”) [4]: a pulse frequency of
10 pulses per second, with 10-s pulse trains, at an inten-
sity of 80% of resting motor threshold, delivered over the
pelvic-SMA region, defined in Montreal Neurological
Institute (MNI) coordinates to be X=—2, Y= —16, and
Z=68 mm. A “session” of rTMS in our study will consist
of 20 pulse trains, each separated by 50 s. Should proto-
col changes be needed, the proposed changes are submit-
ted to the DSMB first, then the home institute’s internal
review board (IRB) to be reviewed and approved. Proto-
col changes may not be implemented until approved. Any
protocol deviations are reported to the IRB to be docu-
mented and acknowledged.

Study population

Our study population is actively being recruited through
various avenues, including the University of Southern
California’s broad medical system, focusing on, but not
limited to those in the greater Los Angeles area. Addi-
tionally, recruitment has been mindful of inclusivity and
equity within our system, recruiting from various set-
tings, including but not limited to our USC Keck hos-
pitals and LA County General Hospital, and outpatient
PT clinics in the greater Los Angeles area, in hopes to
improve diversity in our participants.
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Study setting

Participants will be treated at the University of Southern
California Division of Biokinesiology and Physical Ther-
apy Applied Movement and Pain Laboratory (AMPL)
with MRI being performed onsite at the USC Stevens
Institute for Neuroimaging and Neuroinformatics. Study
workflow is summarized in Fig. 1.

Inclusion criteria

Female at least 18 years old.

Have a diagnosis of IC/BPS by a physician.

Urologic symptoms present a majority of the time
during the most recent 3 months.

Report 4/10 pain or greater pain in response to “At its
worst, on scale 0—10 how bad did your pelvic pain get
in the past 3 months?” asked at screening.

Exclusion criteria
This study uses several measures to exclude individuals
who have a known physical cause of their symptoms such
as an active infection, urethral strictures, active cancer
treatments/pelvic malignancies, and neurological condi-
tions affecting the bladder. In addition, rTMS and fMRI
pose higher than average health consequences to indi-
viduals with personal factors such as pregnancy, seizure
disorders, and chronic headaches. As such, participants
with these factors were designated ineligible for this
study.

Participants will be excluded from the study if they
report:

Symptomatic urethral stricture
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On-going neurological conditions affecting the blad-
der or bowel

Active auto-immune or infectious disorders

History of cystitis caused by tuberculosis or radiation
or chemotherapies

History of non-dermatologic cancer

Current major psychiatric disorders

Severe cardiac, pulmonary, renal, or hepatic disease
Conditions or the use of medical devices that are
contraindications for either fMRI or rTMS proce-
dures, including pregnancy, seizure disorders, or
chronic headaches

Physicians with expertise in clinical TMS or IC/BPS are
consulted if there are any questions about eligibility for
the study, and their expert opinion documented.

Deferral criteria and management
Participants are deferred if:

They test positive on the McKesson urinalysis test
during the baseline visit.

They report having started any new treatments or
medications for IC/BPS in the past 3 months during
screening.

For either of the following, interested participants will
be re-evaluated in no sooner than 6 weeks.

Recruitment

Recruitment for this study was conducted through the
Applied Movement and Pain Laboratory (AMPL) in the
Department of Biokinesiology and Physical Therapy at
the University of Southern California (USC). This study

Remote In-person
;s PRI, Pain Urgency . . Pheneotype | Response Urine Dip
Week Visit Eligibility Consent Outcome Outcome | Side effects EEG/ECG rTMS PFM EMG |Pelvic Exam Quest Quest Test
(VAS) (VAS)

1 01 - Baseline

1 02 - Baseline

1 03 - Baseline

Schedule within 1-2 weeks

2 04 -Treatment

2 05 -Treatment

2 06 -Treatment

2 07 -Treatment

2 08 -Treatment
3,45 Three weeks later.

6 09 - Followup

6 10 - Followup

Fig. 1 Study workflow
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worked with providers in the USC Medical System and
outpatient Pelvic Health Physical Therapy centers in the
greater Los Angeles area to identify potentially appro-
priate participants. Additionally, research coordinators
used digital platforms such as YouTube, social media, and
email to inform the broader population of this study as
well as subscribers and members of the national support
groups. Interested participants were then screened for
appropriateness and safety for the trial.

Randomization, allocation concealment, and blinding

We will randomize treatment assignments using a ran-
domized block sequence as implemented in the block-
rand function in the R statistical package [5]. To ensure
approximately equal allocation to the two arms through-
out the study, randomization is conducted in blocks, of
sizes 2, 4 and 6. The randomization order will be admin-
istered by a statistician independent of the participant
recruitment and evaluation. A list of 50 record IDs was
generated paired with a 4-letter code for the active and
sham coil. As participants are enrolled in the study, they
are assigned a record ID and matched to the subsequent
coil/treatment group. Study staff delivering the inter-
vention know the coil only by code and are specifically
instructed that they must remain blinded to which coil
is active. This is a double quadruple-blinded study where
both the interventionists and participants are blinded to
which treatment group they have been assigned (sham
vs. active), as are the investigators and outcome assessors.

Intervention

The active and sham groups will undergo identical pro-
tocol, with the only difference being that the active vs.
sham coil used per designated group for the 5-day treat-
ment week. During the participant’s 6-week participation
and treatment period, they will be asked to discontinue
any other IC/BPS treatments and therapies, to reduce any
confounding treatment variables. If this is not medically
advised by the study physician, participants will be asked
to report other concurrent treatments.

Outcome assessment

Outcomes will be assessed at the initial baseline visit,
throughout the treatment week, and at a follow-up visit
3 weeks later. At baseline, participants will complete a
urine dip test, subjective questionnaires, and a pelvic
floor muscle exam. Day 1 of treatment will involve out-
come assessment via subjective questionnaires, and fMRI
pre- and post-rTMS, and pelvic floor muscle assessment
during rTMS via a surface electromyographic (EMG)
sensor that rests just inside the rectum. Treatments 2
through 4 involve outcome assessment via questionnaires
and rTMS treatments. Treatment 5 involve outcome
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assessment via questionnaires (listed below) and rTMS
treatment with pelvic floor muscle assessment. A follow-
up visit 3 weeks later will include outcome assessment via
questionnaires, fMRI, and pelvic exam.

Outcome measures assessed include demographic
information, Genitourinary Pain Index (GUPI) [6], Inter-
stitial Cystitis Symptom Index (ICSI) [7], Overactive
Bladder Questionnaire (OAB-q) [8], Urinary Distress
Inventory (UDI-6) [9], Complex Multisystem Inventory
(CMSI) [10], Collaborative Health Outcomes Registry
Body Map (CHOIR) [11], Patient-Reported Outcomes
Measurement Information System (PROMIS) [12], Cop-
ing Strategies Questionnaire (CSQ) [13], Hospital Anxi-
ety and Depression Scale (HADS) [14], and The Positive
and Negative Affect Schedule (PANAS) [15].

Primary outcomes

Subjective ratings of pain symptoms are the primary
outcome measures of the study. Pain will be assessed
using a visual analog scale (VAS): the scale ranges from
0 (no pain) to 10 (worst pain imaginable). Pain will also
be assessed using a global response assessment (GRA)
asking “As compared to when you started the study
treatment, how would you rate your interstitial cystitis/
bladder pain syndrome (IC/BPS) symptoms now?.” The 3
pain primary outcome measures are:

Longer-term VAS change: before first treatment to
3 weeks after last treatment

Shorter-term VAS change: before first treatment to
1 day later just before second treatment

GRA: 3 weeks after last treatment

Secondary outcomes

Secondary outcomes from fMRI and pelvic EMG will
be computed exactly as described previously [3]. In
summary:

Change in fractional amplitude of low frequency
fluctuations (fALFF) in pelvic-SMA determined
from fMRI. This change will be assessed between 1 h
before and one hour after first treatment.

Change in pelvic floor muscle activity from pel-
vic EMG. This change will be assessed between just
before to between 5 and 10 min after the start of first
treatment.

Safety and participant compensation

Transient headache is one of the known side effects of
r'TMS treatment. During and following every TMS ses-
sion, we will ask the participant about any incidence of
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headache and neck pain. If the participant complains of
any discomfort or pain during the TMS session, the ses-
sion will be terminated immediately. The participant’s
symptoms and side effects will be monitored both during
treatment and longer-term side effects will be assessed at
the follow-up visit (Fig. 2). There is no anticipated harm
and compensation for trial participation and there are no
plans to offer any type of payment for injury. If the partic-
ipant requires treatment because they were injured, from
participating in the study, treatment will be provided and
the participants’ health insurance plan will be billed for
treatment. The study sponsor will not pay for this treat-
ment. The rTMS is being performed at a low intensity
(80% of the FDI-thresholding) and the treatment dura-
tion is brief; no dosage changes are proposed. If a partici-
pant were to miss a treatment session, they can continue
with the remaining scheduled visits and no treatment
sessions will be rescheduled. Any moderate or severe
side effect will be reported to the IRB as an adverse event
within 24 h.

The participant can withdraw from the study at any
time for any reason. Treatment will be discontinued and
all side effects will be documented. The study personnel
will notify the PI as soon as any possible adverse event
occurs and the PI will submit the adverse event reports.
IRB will be notified immediately of all adverse and seri-
ous adverse events and the DSMB will be notified, as well
as receive an annual summary of all adverse events.

Oversight and monitoring

A 3-member Data and Safety Monitoring Board (DSMB)
has been established for this study in accordance with
NIH guidelines. The study’s full case report forms and
standard operating procedures (CRF+SOP) stored in
secure files. All data collected will be stored in a secure
REDCap database without any participant identify-
ing information. Identifying information will be kept
securely by the principal investigator (PI). A single pass-
word-protected spreadsheet will be maintained by the
PI with the participant’s name and contact information
as a key to codes and this spreadsheet will be destroyed
at study completion to ensure all data analyses are de-
identified. We will do an annual progress report, contin-
ued review and DSMB meeting to go over the status of
the study and compliance. Should any other concern for
patient safety occur throughout the study, the DSMB is
consulted immediately.

Sample size

We designed our study to have N=50 participants, with
N=25 for each of the two groups (N=25 sham, N=25
high-frequency rTMS), to provide 84% power for the pri-
mary hypothesis. The primary hypothesis will be tested
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with a two-sample t-test for a difference in mean pain
outcome measure in the high-frequency rTMS group
versus the sham group. We performed this power cal-
culation using G*Power version 3.1 under the assump-
tions of a two-sided hypothesis test, a type I error rate of
0.05, and the following effect sizes from the literature. In
a prior study with N=13 [16], pain (measured on a 100-
point scale) was reduced an average of 15 points in the
high-frequency rTMS group (SD=20) and 3 points in the
sham group (SD=22) at 3 weeks after the last rTMS ses-
sion, compared to baseline.

Statistical analyses

Data will be analyzed using R [17] by a blinded statisti-
cian not involved with participants or data collection.
Initiative descriptive analyses will include evaluation
of the distributions of all variables to evaluate mod-
eling assumptions (e.g., Shapiro—Wilk test for normal-
ity) and identify potential extreme values. All data will
be included in the primary analysis, but any extreme
values will be discussed with the study team and poten-
tially excluded in a sensitivity analysis should the extreme
value be suspected to be erroneous. Hypothesis tests will
be two-tailed, using a significance level of a=0.05. The
primary hypotheses will be evaluated using a two-sample
t-test for a difference in mean pain outcome between
the two groups, assuming normality of the outcome (or
its natural log transformation) in each group. If normal-
ity assumptions are not satisfied, we will instead use the
nonparametric alternative to the two-sample t-test, the
Wilcoxon rank sum test to test for a difference in medi-
ans between the two groups. The number of adverse
events will be tabulated and compared across the two
groups using a chi-square test or Fisher’s exact test. Final
primary hypothesis results and R code for producing
these results will be presented to the Independent Moni-
toring Committee by the blinded statistician for certifica-
tion. The independent DSMB statistician will unblind the
results and assign the true group labels. Secondary and
tertiary analyses will be performed unblinded, using two-
sample t-tests (or Wilcoxon rank sum tests) and standard
mediation analysis methods [18].

Collection and management of data

Participants will receive seven in-person visits at the
University of Southern California Health Science Cam-
pus Applied Movement and Pain Laboratory (AMPL)
over the course of approximately 1 month. On the first
(baseline) in-person visit, the participant will be tested
to rule out any urinary tract infection (UTI) and pend-
ing the test is negative, they will proceed with the process
of collecting EMG data and a pelvic examination. Addi-
tionally, the participant will complete a series of online
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Screening

No Exclusion

Yes

Baseline Assessment
(GUPI, ICSI, OAB-q, UDI-6, CMSI, CHOIR,
PROMIS-29v21, CSQ, HADS, PANAS,
COPCS, EEG/ECG, and pelvic exam)

Randomization

Active (n=25)
Stim at 80% rMT; 10Hz 2000 Stim at 80% rMT; 10Hz 2000
pulses; 10 seconds on (100 Days 1-5 pulses; 10 seconds on (100
pulses), 50 seconds rest; (Day 1 includes FDI pulses), 50 seconds rest;
20 min total thresholding) 20 min total

Sham (n=25)

Treatment Week

Primary and Secondary Assessments
Primary: VAS (Treatment 1-5)
Secondary: PFM EMG (Treatment 1 and 5), fMRI (pre
and post treatment 1 only)

ollow-up Vist (3 weeks post treatment week)
(Re-assess baseline questionnaires, EEG/ECG,
pelvic exam, and fMRI)

Statistical Analysis

Fig. 2 Study schedule of enrolment, event, and assessments
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questionnaires. Treatment week, which consists of 5 in-
person (Monday-Friday) sessions, is then scheduled no
greater than 2 weeks post-baseline visit. In the 3 days
preceding this treatment week, the participants will fill
out several online questionnaires pertaining to their pain
level each morning, as well as the same questionnaires
prior to each rTMS treatment. During the treatment
week, the participant will receive rTMS treatment, based
on their randomization group (treatment vs. sham). On
the first of the 5-day treatments, brain imaging fMRI
will be taken before and after brain stimulation (rTMS).
Additionally, the use of a rectal EMG sensor will be used
Monday and Friday during rTMS treatment.

The final portion of data collection occurs 3 weeks post
Friday of the 5-day treatment week, preceded by 3 days
of the same questionnaires to understand any changes
in their pelvic pain or urinary urgency. During this final
in-person visit, the participant completed the same set
of questionnaires administered at the baseline visit, fol-
lowed by fMRI, an EEG, and pelvic examination.

We will summarize the availability of key data needed
for the primary analysis. All treatment assignments will
be available and due to randomization of treatment
assignment no covariates will be included in the primary
intent-to-treat statistical analysis. The primary outcome
variable is the change in pain scale from before first treat-
ment (baseline) to 3 weeks after the last treatment, and
the goal is to compare the mean change in pain between
treatment groups. Should there be missing values in the
primary outcome measurements of pain, we will modify
the initial statistical analysis plan of a two-sample ¢-test
for differences in the pain change score to an analogous
linear mixed model, which provides estimates that are
valid under a missing at random assumption.

Bias

Several measures to reduce bias have been implemented,
including that all questionnaires are self-reported and
have the option of being provided in English or Spanish,
with the option for the participant given the option of “I
prefer not to answer” for any questions, due to the sensi-
tive and intimate nature of some questionnaires. Stand-
ardized screening processes are utilized, which can be
provided either in English or Spanish, depending on the
potential participants’ preference to improve communi-
cation, understanding, and inclusivity.

While we are recruiting from various settings, one bias
noted is that the majority of our participants captured
from advertisements/flyers (ICD-10 code based) are
those with healthcare insurance vs. those without health
care insurance, which can be linked to differences in soci-
oeconomic factors. Additionally, our study is recruiting
females only, assuming they not only identify as female
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but have female anatomy; however, we realize this is a
limit in our inclusion criteria description, as we are bas-
ing our recruitment on female anatomy and not gender.

Discussion

Interstitial cystitis/bladder pain syndrome (IC/BPS) is a
debilitating condition occurring in millions of women in
the USA [19, 20]. The underlying mechanism of IC/BPS
is not well understood; clinical trials of agents directed
at potential targets in the bladder have not identified any
generally effective treatments [21]. Recent studies have
suggested that altered function in brain motor areas, not
directly related to bladder sensation, may play a critical
role in IC/BPS [2, 22-24].

Emerging evidence suggests that altered control of pel-
vic floor muscles may contribute to IC/BPS. Patients with
IC/BPS have increased pelvic floor muscle activity [25],
potentially caused by changes in supplementary motor
area (SMA) [2]. Although pelvic floor physical therapy
may be beneficial [26], its results may be suboptimal
since it may not directly target dysfunction in SMA. Our
laboratory has demonstrated unique expertise in under-
standing the neural control of pelvic floor muscles [27-
29]. We have found that women with IC/BPS have altered
activity compared to healthy women in a subregion of
SMA that controls pelvic floor muscles (that we refer to
as pelvic-SMA) [2]. Our findings fit with an expanding
literature suggesting that chronic pain is caused by motor
cortical changes that, while initially beneficial to generate
protective muscle activity, are ultimately maladaptive and
perpetuate pain through involuntary and uncomfortable
muscle activity [30-32].

Because pelvic-SMA is a superficial cortical region, it
may be possible to use repetitive transcranial magnetic
stimulation (rTMS) to treat IC/BPS. Our published
resting-state functional magnetic resonance imaging (rs-
fMRI) findings hint at reduced activity in pelvic-SMA in
women with IC/BPS [2], which would be consistent with
the large body of evidence suggesting high-frequency
excitatory rTMS over motor cortex is the best stimula-
tion protocol to reduce pain [4]. Increased resting pelvic
floor muscle activity in IC/BPS could result, since pelvic-
SMA controls pelvic floor muscles with both excitation
and inhibition [33-35]. Using rs-fMRI, we will determine
if a high-frequency rTMS protocol improves pelvic-SMA
activity in women with IC/BPS by moving it in the direc-
tion of healthy women.

Our published work has identified that pelvic-SMA is
an important brain region-of-interest in IC/BPS. Our
current trial will test whether modulation of pelvic-
SMA function provides a mechanism by which IC/BPS
symptoms can be reduced. We will then be able to con-
duct future studies to determine if neuromodulation of
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pelvic-SMA, by itself or in conjunction with other ther-
apies, may be able to generate long-term reduction or
even remission of IC/BPS symptoms.

Conclusions

This RCT will provide further insight into the mecha-
nisms of IC/BPS by applying rTMS to the pelvic-SMA
and examining its impact on pelvic pain outcomes, brain
activity, and pelvic floor muscle activity.
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