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Study Need and Importance: A novel leadless,
fully-implantable tibial nerve stimulator has unique
attributes compared to current overactive bladder
(OAB) treatments including automated compliance
requiring no patient involvement, reliance on min-
imal resources to deliver therapy, and implantation
with a brief procedure using only local anesthetic.
Most importantly the wide electrical field allows
even naive implanters to achieve consistent results.
These device features coupled with a benign safety
profile and high efficacy might greatly improve the
OAB landscape traditionally leaving many un-
treated. This study evaluated the eCoin® device
impact on reducing urgency urinary incontinence
(UUI) in a multi-center, prospective study over a 48-
week treatment period.

What We Found: A total of 133 subjects were
implanted with no exclusions based on a screening
test or trial procedure. Of the subjects 68% (95% CI.
60%—"76%) experienced at least a 50% reduction in
UUI 48-weeks post-activation. Diary data showed an
average UUI episode reduction of 2.61 (SD 2.97) per
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day. Overactive Bladder Questionnaire (OABq) and
Patient Global Impression of Improvement (PGI-I)
scores showed greatly improved quality of life and
89% of implanted patients would recommend eCoin
to friends and family when asked 48-weeks post-
activation. Of implanted subjects 16% experienced
device-related events through 52 weeks after im-
plantation, mostly comprised of mild to moderate
wound healing or non-acute stimulation events.

Limitations: Neuromodulation studies are not gener-
ally blinded given therapy itself is sensed, so a control
group with a similar safety profile to the device could
not be achieved. A 12-month endpoint provides only
medium-term data on therapy durability so longer
followup will be obtained in the near future.

Interpretation for Patient Care: Only 5% of patients
progress to third line OAB therapies given barriers
of invasiveness, access and/or burden. This auto-
matic neuromodulation therapy delivered with a
brief procedure will potentially better penetrate this
vast population not well managed by current op-
tions often compromised by poor adherence.
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Purpose: A novel leadless tibial nerve stimulator provides a primary battery-
powered, coin-sized, minimally invasive option to deliver automatic low-duty
cycle stimulation for overactive bladder syndrome therapy. A pivotal trial was
conducted to evaluate the safety and efficacy of this investigational device,
eCoin®, for treating refractory urgency urinary incontinence.

Materials and Methods: This was a prospective, open-label, single arm trial
carried out at 15 U.S. medical centers involving 137 subjects with refractory
urgency urinary incontinence. After implantation in the lower leg above the
fascia over the tibial nerve, eCoin delivered automated stimulation sessions for
the duration of the study. The primary efficacy measure was the proportion of
subjects who achieved a 50% or greater reduction from baseline in urgency
urinary incontinence episodes after 48 weeks of therapy. The primary safety
measure was device-related adverse events at the same time point.

Results: Of 137 subjects enrolled, 133 were implanted with eCoin, and 132 were
included in the intention-to-treat population. Of those 132 subjects, 98% were
female, mean+SD age was 63.9+10.9 years, and baseline daily urgency urinary
incontinence episodes were 4.3+3.1. The primary efficacy analysis showed 68%
(95% CI: 60%—76%) of subjects experienced at least a 50% reduction in urgency
urinary incontinence episodes at 48 weeks post-activation; 16% of implanted
subjects experienced device-related events through 52 weeks post-implantation.
Conclusions: eCoin demonstrated clinical benefit for treating overactive bladder
syndrome with automatic delivery of an intermittent low-duty cycle and
implanted with a minimally invasive, brief procedure.

Key Words: urinary bladder, overactive; urinary incontinence, urge; tibial
nerve; implantable neurostimulators; quality of life

adequate pocket space to place a
sizeable IPG, which necessitates sur-
gery with multiple incisions typi-
cally using general anesthesia.’
eCoin®, a miniaturized leadless neu-
rostimulator delivering percutaneous
low-duty cycle stimulation, chal-
lenges these fundamental form factor
restrictions and offers potential
improvement for numerous disease

DespiTE decades of revolutionizing
multiple disease states with a
nondestructive and restorative ther-
apy, neuromodulation often remains
limited to the most refractory pa-
thologies due to invasive and costly
surgical installation.'™ Standard
neuromodulation devices involve
precise lead placement along a target
nerve followed by tunneling to an
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states (fig. 1).578 The coin-sized device, composed of
radially symmetric electrode material lining the rim
and bottom center, emits a dome-shaped electrical
field able to target nerves 6 mm below its surface
and 10 mm laterally from its center. In the outpa-
tient or office setting, eCoin is implanted subcuta-
neously in the lower leg and delivers automatic
30-minute treatments without the need for patient
manipulation. The intermittent sessions preserve
battery life by keeping the device in sleep mode
99.5% of the time.

In this study, eCoin was evaluated for the treat-
ment of overactive bladder, which has a prevalence
that ranges from 12% to 43% and affects up to 33
million persons in the U.S.%!! Specifically, the
study targeted those with urgency urinary inconti-
nence, which affects approximately a third of pa-
tients with OAB and negatively impacts quality of
life.!* Moreover, UUI entails a significant environ-
mental and economic burden as adult disposable
continence supplies surpass sales of infant di-
apers.'? Despite the availability of guideline-based
treatment algorithms, a staggering percentage of
patients lack management. Second-line medication
options often lack substantial efficacy, produce
intolerable side effects or can be cost-prohibitive,
and third-line options, including percutaneous
tibial nerve stimulation office treatments, onabotu-
linumtoxinA and sacral neuromodulation surgery,
under-penetrate these untreated patients for
various reasons, including invasive nature or need
for maintenance. Fewer than 5% of patients prog-
ress to these burdensome and/or unappealing third-
line therapies for their refractory symptoms.'®~17

The maintenance-free, fully implantable eCoin
device has unique attributes compared to current
OAB treatments, including delivery with a brief
procedure using only local anesthetic and reliance
on minimal resources.'®!® Other potential benefits
include automated compliance and less precision of

3.20 mm +£0.20

© 23.20 mm +0.50
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Figure 1. eCoin illustration

placement compared to both SNM surgery and
chronic PTNS sessions with possible elimination of
intermittent onabotulinumtoxinA intradetrusor in-
jections.?° Thus, the aim of this study was to assess
the efficacy and safety of eCoin for treatment of
OAB with UUI, which might better manage these
patients given the distinct features of this novel
form factor.

METHODS

Study Overview

This prospective, single arm, open-label study was con-
ducted at 15 U.S. sites (clinicaltrials.gov, NCT03556891).
This study was conducted in compliance with U.S. Food
and Drug Administration and International Conference
on Harmonization regulations for Good Clinical Practice.
The institutional review board at each site approved the
protocol and informed consent forms (IRB No. 111-3281),
and regulatory bodies in the U.S. approved conduct of the
study. A Data Safety and Monitoring Board oversaw this
study. All participants provided written informed consent.

Study Subjects

The target population was between 120 and 135 adults
aged 18—80 with daily UUIL All subjects were intolerant
of, or showed an inadequate response to, at least 1 second
or third-line therapy prior to enrollment. Key exclusion
criteria included stress predominant urinary inconti-
nence, neurogenic lower wurinary tract dysfunction,
bladder pain syndrome, peripheral neuropathy, lower leg
varicosities, venous insufficiency with skin changes or
pitting edema near the ankle. OAB pharmaceuticals were
washed out at least 2 weeks prior to baseline while prior
PTNS and onabotulinumtoxinA patients had washout
periods of 1 and 9 months, respectively. Patients with
prior SNM were excluded. Subjects were expected to avoid
OAB therapies until the primary end point.

Procedures

At the screening visit, medical histories were detailed and
a physical exam performed with careful attention to the
lower extremities. Eligible subjects completed a 3-day
voiding diary prior to their baseline visit to confirm ur-
gency predominant incontinence with at least 1 daily UUI
episode. The device was implanted subcutaneously using
only local anesthetic in the medial lower leg above the
fascia (fig. 2). Prior to activation, incision checks were
performed given the reduced blood flow in the lower leg
leading to a longer heal time compared to the buttock
location for SNM IPGs. Four weeks after implantation
with minimal swelling confirmed, a field clinical engineer
activated (turn ON and SET) the device at a programming
visit.

The electrical paradigm involves a stimulation rate of
20 pulses per second at a pulse width of 200 microseconds.
The pulse amplitude (0.5—15 mA) is adjusted with an
external controller to an acceptable sensory level. The
amplitude is activated and set at an initial level where the
subject feels sensation in the foot, or set at a nominal
initial level of 8 mA in cases where the subject does not
feel a sensation at any amplitude.
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Figure 2. eCoin implantation procedure

Automated stimulation sessions occur for 30-minute
durations every 3 days for 18 weeks and every 4 days
thereafter; all changes to programming were performed
by a field clinical engineer. At subsequent visits, subjects
may have the device setting increased or decreased on the
basis of response or comfort. Increases in amplitude are
performed as needed to achieve improved response. The
eCoin has a postulated average operating life of 3 years.

Subjects were followed for 48 weeks after device acti-
vation with followup visits at 4, 8, 12, 24, 36 and 48 weeks
post-activation. A field clinical engineer attended the 8, 24
and 36-week visits for reprogramming as needed. The
primary outcome was assessed at 48 weeks post-
activation (52 weeks after implantation). At each fol-
lowup, a 3-day voiding diary was collected and the OAB
Questionnaire, Patient Global Impression of Improve-
ment, and a custom Likert scale on subject satisfaction

questionnaires were administered.??? Subjects were

queried regarding adverse events, initiation of OAB
medications, any other changes to their history or com-
ments regarding the device. At 48 weeks post-activation,
participants replied to a non-validated questionnaire de-
tailing their experience with the device, implant proced-
ure and their attitudes towards eCoin compared to other
therapies.

Outcomes

The primary efficacy outcome was a 50% reduction in UUI
episodes 48 weeks post-activation. The primary safety
evaluation was assessment of device-related adverse
events at the same time point. Secondary outcomes
measured at 24 weeks post-activation included achieving
>T75% and 100% reduction in UUI episodes; reductions
from baseline in UUI, voids, urgency, and nocturia; as
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Figure 3. CONSORT diagram

well as patient-reported outcomes at 24 and 48 weeks
post-activation. The PRO end points included the OABq,
Patient Global Impression of Improvement score, and
custom satisfaction questionnaires.

The primary group for analysis was an intention-to-
treat population defined as all subjects enrolled and
implanted or attempted to be implanted with eCoin. A
subgroup analysis of patients in the ITT population with
at least 10 voids per day on their baseline voiding diary
(“frequency cohort”) was performed to assess change
from baseline in urinary voids, urgency episodes and
nocturia.

Sensitivity analyses assessed the impact of OAB medi-
cations and the COVID-19 pandemic on the primary effi-
cacy results. Exploratory 36-week post-activation analyses
were also performed given that all 36-week visits were

Table 1. Demographics and baseline characteristics

Total pts 132
Mean=SD age at enrollment 639+ 109
No. female (%) 130 (98)
No. White (%) M (84)
Mean=SD body mass index 303+ 59
No. body mass index >30 (%) 65 (50)
Baseline UUI episodes:
No pts. 132
Mean=+SD 43 + 31
Range 1-23
Quartiles 1, 2, 3 2, 4 5
Baseline urgency episodes:
No pts. 132
Mean=+SD 82+ 36
Range 0-23
Quartiles 1, 2, 3 6, 8, 10
Baseline nocturia episodes:
No pts. 132
Mean=+SD 25+ 10
Range 0-5
Quartiles 1, 2, 3 2, 3 3
Baseline symptom bother scale (lower is better):*
No. 128
Mean=+SD 66.1 &+ 19.6
Range 18-100
Quartiles 1, 2, 3 55, 65, 80
Baseline HRQoL (higher is better):t
No pts. 128
Mean4-SD 457 +225
Range 0-95
Quartiles 1, 2, 3 29, 48, 62

* Symptom bother scale is subset scale of 8 questions from OABg. Higher numbers
indicate more severe symptoms. Numbers presented represent transformed
composite scores, ranging from 0—100.

1 HRQoL is subset scale of 25 questions from 0ABq. Higher numbers indicate better
quality of life. Numbers presented represent transformed composite scores, ranging
from 0—100.

completed prior to onset of the national emergency due to
COVID-19; about 20% of the 48-week visits were conducted
after onset. Additional exploratory analyses were performed
to analyze the “48 Week Questionnaire.”

Statistical Analysis

The statistical analysis plan was drafted, amended, and
data analyzed by Statistics Collaborative, Inc., unaffili-
ated with the sponsor. Analyses were generated using
SAS® version 9.4.

Missing data for the primary efficacy end point were
adjudicated as specified in the statistical analysis plan.
Any subject explanted, except for explants secondary to
MRI need, prior to 48 weeks post-activation was imputed
as a nonresponder (ie subject assumed not to achieve a
50% UUI reduction). Subjects post-explantation for a MRI
had data imputed as missing at random and were handled
with multiple imputation. Subjects in whom 48-week
post-activation data were unavailable, and the study
investigator did not know whether the device had been
explanted, were assumed non-responders. Subjects for
whom 48-week post-activation data were unavailable but
the device was known not to have been explanted were
assumed missing at random and were handled with
multiple imputation.

The performance goal was at least a 40% response rate
after 48 weeks of therapy. The primary efficacy analysis
was performed by testing the null hypothesis that the
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Table 2. Prior therapies

Total No. pts 133

OAB duration (yrs):
No. pts 133
Mean=SD 109 + 102
Range 0.5-52
Quartiles (25th, median, 75th) 35, 85, 15

No. prior treatments (%):*
PTNS therapy 35 (26)
Transcutaneous electrical nerve stimulation therapy 4 (3)
0AB medications 113 (85)
OnabotulinumtoxinA 15 (11)
Intolerant of other treatments 7 (5)
None/no intolerance 0 0)

* Percentages do not total 100 because some patients reported multiple prior
therapies.

percentage responding was less than or equal to 40%
against the alternative hypothesis that the percentage
was greater than 40%. The test was performed at an
overall 1-sided 2.5% level of significance.

The study was to be considered successful if the 1-sided
significance level associated with the binomial test was
less than or equal to 0.025. Equivalently, the study was
considered successful if the lower bound of the corre-
sponding 2-sided 95% confidence interval for the per-
centage of subjects responding was above 40%.

The study was designed to detect an improvement in
the percentage responding compared with a historical
percentage of 40%. A study of 120 subjects would have
80% power to detect an increase in the percentage
responding from 40% to 53%, 90% power to detect an in-
crease from 40% to 55%, and 95% power to detect an in-
crease from 40% to 57%, at 1-sided 2.5% significance level.
Calculations used PASS 2019, v19.0.2.

The justification for the performance goal of 40% is
based on prior InterStim™ SNM device data. The
observed modified ITT responder rate in the ROSETTA
study?? and the available as-treated analyses in the Insite
study?* allow calculation of the lower bound in an ITT
analysis.

RESULTS

The study enrolled 137 subjects (of 173 screened)
from August 14, 2018 to April 2, 2019. Of these, 133
(97%) were implanted with eCoin and 4 dis-
continued prior to eCoin implantation. No exclu-
sions were based on a screening test or trial
procedure. Of the implanted subjects, 132 were
included in the ITT analysis population; 1 subject
with a UUI baseline value of 0 was excluded.
Figure 3 shows the subject disposition flow and
study schedule time points for discontinuations for
subjects in the ITT population.

Demographics and baseline characteristics are
shown in table 1. The treatment history demon-
strates subjects reported a mean 11-year history of
OAB and failing at least 1 alternative treatment
(table 2). Mean+SD implantation time, performed
under local anesthesia, from incision to final suture
was 19.8414.3 minutes.

In the study, 68% (95% CI: 60%—76%) of subjects
satisfied the primary outcome by experiencing at
least a 50% reduction in UUI episodes at 48 weeks
post-activation, 69% (95% CI: 61%—77%) achieved
>50% reduction in UUI episodes from baseline
to 24-week post-activation, and 70% (95% CI:
62%—178%) achieved at least 50% reduction in UUI
episodes at 36 weeks post activation. Responder
rates are displayed in figure 4 across 24, 36 and 48
weeks post-activation. Secondary end points are
presented in table 3.

Three sensitivity analyses were performed to ac-
count for OAB medication usage by 5 subjects. All 3
analyses showed results nearly identical to the pri-
mary effectiveness analysis (table 4).

Additional sensitivity analyses were performed to
assess the impact of the COVID-19 pandemic on the
primary efficacy end point: a comparison of data

Percentage
(95% Cl)
50% reduction
Week 24 —— 69 (61, 77)
Week 36 —a— 70 (62, 78)
Week 48 —a— 68 (60, 76)
75% reduction
Week 24 — 43 (35, 52)
Week 36 T 46 (37, 55)
Week 48 — 43 (34,52)
100% reduction
Week 24 - 24 (16, 31)
Week 36 —a— 28 (20, 36)
Week 48 —a— 21 (14, 28)
T T T T T 1
0 20 40 60 80 100

Percentage of responders

Figure 4. Responder rates at 24, 36 and 48 weeks
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Table 4. Analysis of primary effectiveness outcome variable for patients who took OAB medications while on study—ITT population

>50% Reduction from Baseline to Wk 48 in No. UUI Episodes Percentage+SE 95% Cl
Total pts 132
Primary efficacy analysis 6844 60, 76
Primary efficacy end point—sensitivity analyses:
Analysis 1: Impute wk 48 assessment with multiple imputation for any pt who took OAB medication while 68+4 60, 76
on study
Analysis 2: Impute wk 48 assessment to nonresponder for any pt who was on OAB medication at wk 48 68+4 59, 76
visit
Analysis 3: Impute wk 48 assessment to nonresponder for any pt who took OAB medication while on study 67+4 59, 75

Total patients are number in ITT population whose baseline UUI data are greater than 0. For patients with missing data, multiple imputation is used according to statistical

analysis plan version 4.0.

pre-COVID-19 and during the pandemic and a
comparison of in-person and remotely collected
data. The pre-pandemic and in-person responder
rates were 75% (95; 95% CI: 65%—83%) and 74%
(106; 95% CI: 64%—82%). The responder rate during
the pandemic was 60% (25; 95% CI: 39%—79%) and
the responder rate of remote-visits was 57% (14;
95% CI: 29%—82%).

Exploratory analyses of the “48 Week Ques-
tionnaire” showed high subject satisfaction with
eCoin and good understanding of the procedure
with 89% of subjects reporting that they would
recommend the therapy to friends and family, 97%
reporting that the procedure was adequately
explained, and 93% reporting that they would un-
dergo the procedure in 5 years. When asked ques-
tions comparing eCoin to other named modalities,
only 4% of subjects indicated a preference for
another modality over eCoin.

On average, subjects had a permanent implant for
50.7 weeks. The rate of device-related adverse events
was approximately 15% at 28 and 52 weeks. Most
device or procedure related adverse events were
graded mild to moderate (table 5); 19% of subjects
experienced device or procedure-related events
through 52 weeks of implantation, including 16% of
subjects who reported device-related adverse events.
One related serious adverse event occurred, an
infection related to the study procedure resulting in
explant, which resolved without sequelae.

DISCUSSION

In this prospective multicenter study, a novel
investigational device implanted with local anes-
thetic demonstrated clinically significant effective-
ness for OAB symptoms coupled with a favorable
safety profile. Approximately 70% of patients
responded to eCoin at all time points through 12
months. The performance goal, based on prior
InterStim SNM results, was surpassed by 20 points.
Despite a considerable COVID-19 negative impact,
results were durable to 48 weeks post-activation.
Burden on quality of life was alleviated, with clini-
cally significant improvement in both subscales of

the OABq, and positive PRO results strongly
correlating to UUI episode improvement.?®

A limitation of the study was the lack of blinding
and comparison. Considering that neuromodulation
studies are generally not blinded since the therapy
itself is sensed, a control group with a similar safety
profile to eCoin could not be achieved. Percutaneous
methods where blinding could be achieved using
inactive stimulation sites have demonstrated
favorable clinical results compared to a control
group.26?” We also acknowledge that a 12-month
end point provides only medium-term data on the
durability of response and future longer followup
data will be needed.

Table 5. Treatment emergent adverse events related to eCoin or
procedure by severity (exploratory analysis)—all implanted
subjects (133)

No. Pts (%)
MedDRA* System Organ

Class/Preferred Termt Any Mild

Subjects with any adverse 26 (20) 15 (11) 8 (6) 3 (2
event related to study
device or procedure

Moderate  Severe

Infections: 9 (7) 4 (3) 3 (2) 2 (2)
Postop wound infection 6 (5 3 (2 2 (2) 1 (1)
Implant site infection 2 (2) 0 1 (1) 1 (1)
Wound abscess 1) 1 (1) 0 0

Product issues: 9 (7) 6 (5 2 (2 1 (1)
Device stimulation issue 6 (5 3 (2 2 (2) 1 (1)
Device dislocation 2 (2 2 (2 0 0
Device malfunction 1 (1) 1 () 0 0

Injuries: 5 (4) 4 (3) 1 (1) 0
Wound dehiscence 2 (2) 2 (2 0 0
Incision site erythema 1 (1) 1 () 0 0
Incision site pain 1 (1) 1 (1) 0 0
Wound 1T (1) o0 1 (1) 0

Musculoskeletal: 3 (2 2 (2 1 (1) 0
Pain in extremity 2 (2) 1 () 1 (1) 0
Musculoskeletal discomfort 1M 1 (1) 0 0

General: 2 (2) 1 () 1 (1) 0
Implant site swelling 1 (1) 0 1 (1) 0
Medical device site discomfort 1 (1) 1 (1) 0 0

Skin: 2. (2 2 (2 0 0
Dermatitis contact 1 (1) 1 (1) 0 0
Skin irritation 1 (1) 1 () 0 0

Gastrointestinal: anal incontinence T () 0 1 (1) 0

* Medical Dictionary for Regulatory Activities.
t Number of subjects implanted. Subjects are counted at most once per row and
under highest severity reported.
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There was a 2.25% infection rate with resolution
after uncomplicated explantation. This infection
rate rivals existing implanted neuromodulation
data reporting a 3% to 6% rate of explant due to
infection.?3282% The 5% rate of stimulation discom-
fort was low over 52 weeks with all events resolved
with reprogramming; this rate is lower than re-
ported SNM occurence of 10.2%.26 Furthermore,
eCoin eradicates adverse events related to SNM
lead wires such as migration and/or fracture. Lastly,
compared to SNM, the risks associated with misuse
of programmers and charging components is
nonexistent as eCoin does not require patient
management of these various components to ensure
therapy administration.

CONCLUSIONS

This brief office or outpatient implantation
requiring only local anesthesia performed by 15 in-
vestigators previously naive to the procedure, is safe
and met primary efficacy outcomes for the treat-
ment of UUIL The aftercare protocol and device
management post-activation were achievable with
minimal compliance requirements, which may
partially contribute to the durable results seen at 1
year. Potentially, eCoin could reduce barriers asso-
ciated with multistage SNM surgery necessitating

precise lead placement and subsequent patient
management of the device. eCoin offers a novel OAB
therapy with minimal compliance issues due to
automatic therapy delivery and a well-tolerated,
reproducible implantation procedure, all precipi-
tating the potential for high adoption once
available.
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