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Six-Month Outcomes of Reimplantation of a Coin-Sized Tibial
Nerve Stimulator for the Treatment of Overactive Bladder

Syndrome With Urgency Urinary Incontinence
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Objective: The eCoin (Valencia Technologies Corporation, Valencia,
CA) is a battery-powered, nickel-sized and shaped neuromodulation device
for the treatment of overactive bladder, and it is implanted in the lower leg
in a short office or outpatient procedure under local anesthesia. A follow-
on trial was conducted to evaluate the feasibility, safety, and efficacy
of eCoin reimplantation.
Methods: This was a prospective, single-arm, open-label study, including
23 participantswith refractory urgency urinary incontinence (UUI) whowere
previously participants in the eCoin clinical feasibility trial. This follow-on
study was conducted at 7 sites in the United States and New
Zealand. Participants were reimplanted with a new eCoin device and ac-
tivated after 4 weeks. Bladder diary data and validated quality-of-life in-
struments, collected at 12 weeks and 24 weeks postactivation, were
compared with baseline.
Results: Participants of the study were considered responders if they re-
ported a ≥ 50% reduction from baseline in episodes of UUI on a 3-day
voiding diary. At 12 weeks of treatment, 74% (95% confidence interval
[CI], 52%–90%) of participants were considered responders. At 24 weeks
of treatment, 82% (95%CI, 60%–95%) of participants were considered re-
sponders with 36% (95% CI, 20%–57%) of participants achieving com-
plete continence. There were no device-related serious adverse events
reported during the study.
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Conclusions: The reimplantation of eCoin was both safe and effective in
treatingUUI associatedwith overactive bladder syndrome. The demonstrated
significant reduction or resolution of symptoms with no serious safety con-
cern suggests that eCoin is a convenient andmaintainable therapeutic device.
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O veractive bladder syndrome (OAB) is a common clinical di-
agnosis that affects 7–27% of men and 9–43% of women

worldwide.1–8 One of the most burdensome symptoms of OAB,
urgency urinary incontinence (UUI), exerts a significant negative
impact on quality of life for millions of Americans.9 Despite avail-
ability of first-line behavioral modifications and second-line medi-
cations, many patients are still undertreated. Third-line treatment
options are underpenetrated as well because patients rarely prog-
ress to these therapies or have poor retention rates.10

The eCoin® (Valencia Technologies Corp., Valencia, CA) is
an investigational, fully implanted, neuromodulation device indi-
cated for the treatment of OAB with refractory UUI. It is intended
to treat UUI by electrically stimulating the tibial nerve, which is
presumed to improve or restore normal control of an imbalanced
voiding reflex by retrograde stimulation of the lumbosacral
nerves (L4-S3).11,12

The eCoin device is implanted during a short, minimally in-
vasive office or outpatient procedure under local anesthesia. After
device activation, subsequent stimulation is automatic and, there-
fore, does not require multiple office visits or externally applied
apparatus. The eCoin is a leadless, coin-sized, and shaped device
powered by an internal battery. To maintain the advantages of this
design, the devicemust be replaced upon battery depletion. Poten-
tial improvement of the battery longevity would require a bulkier
device. A rechargeable power source would require patient inter-
vention, for which adherence might be an issue. Hence, replace-
ment of the eCoin is critical to maintain continuous therapy, and
the procedure must be simple and effective such that it can be re-
peated with each battery depletion. If this reimplantation can be
completed safely and with sustained efficacy, eCoin therapy po-
tentially provides a long-term treatment option, in competition
with third-line therapies, such as sacral neuromodulation (SNM).

This follow-on study evaluates the feasibility, safety, and ef-
ficacy of the reimplantation of eCoin for the treatment of patients
with refractory UUI. Replacement of the pulse generator for SNM
is a common procedure when the battery is depleted but it has not
been reported in the tibial region. Participants included in this
study were previous participants of the eCoin feasibility study.13

In the feasibility study, participants were implanted with the first-
generation eCoin device, which had an average battery life of ap-
proximately 1 year. This follow-on study provided participants the
opportunity to be reimplanted with a newer-generation eCoin,
which contains a larger battery for greater lifespan.
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METHODS

Study Overview
This prospective, single-arm study was conducted at 7 sites in

theUnited States andNewZealand (clinicaltrials.gov:NCT03655054).
As a follow-on to the feasibility study (clinicaltrials.gov:
NCT03029624), participants had the eCoin-OAB device for at
least 1 year before reimplantation. The feasibility study comprised
46 participants, all of which were offered the opportunity to enroll
in this follow-on study, regardless of their response to the therapy.
Of these 46 individuals, 23 voluntarily enrolled in this follow-on
study. The participants of this study were reimplanted with the
eCoinOAB-02A, a second-generation device, which differed slightly
from the previous device by being 0.8 mm thicker. The eCoin OAB-
02Ahas a larger battery for increased battery life, alongwith a revised
automatic stimulation schedule with more frequent stimulation.
The speculated average operating battery life of the eCoin OAB-02A
is 2.8 years (compared with 1 year for the first generation in the
feasibility study), with a range from 1 to 7 years determined by
the inverse relationship between stimulation amplitude and bat-
tery life. Participants attended visits for screening, reimplantation,
healing check, device activation, and programming. Safety and effi-
cacy assessments were completed at 12 weeks and 24 weeks
postactivation, with the primary efficacy analysis at 12 weeks.

This study was conducted in compliance with FDA and In-
ternational Conference on Harmonization regulations for Good
Clinical Practice. Quorum Review approved the protocol and in-
formed consent forms, and regulatory bodies in the United States
and New Zealand approved conduct of the study. All participants
provided written informed consent.

Study Device
The implanted neuromodulation device is a leadless, primary

battery-powered, nickel-sized device hermetically enclosed in a ti-
tanium case. A conically shaped field of stimulation radiates from
a center cathode to an anode outer rim of the 23.3-mm diameter
and 3.2-mm-thick device. Materials in direct contact with tissue
are the platinum electrodes and the silicone elastomer jacket that
covers the titanium housing. The study device differs slightly from
the previous generation device that was implanted in the feasibil-
ity study. The new device has a slight increase in size of 0.3 mm in
diameter and 0.8 mm in thickness. This small enlargement was
implemented to incorporate a larger internal battery to improve
the longevity of the device.

Patient Screening and Baseline Assessments
Participants that were included in the eCoin Feasibility Study

for Urgency Urinary Incontinence13 were eligible to participate in
this follow-on study. Screening for this follow-on study began af-
ter the 1-year follow-up visit from the feasibility study. Regardless
of treatment response from the feasibility study, all 46 participants
were eligible to enroll in this follow-on study. The baseline assess-
ment completed before initial device implantation in the feasibility
study served as the baseline for the 23 participants of this follow-
on study. Participants in this study retained their subject ID num-
bers from the previous feasibility study.

Device Implantation, Activation,
and Programming

No later than 120 days after screening, the newer generation
eCoin OAB-02A device was reimplanted in each participant by 1
of the 7 participating urologist or urogynecologist investigators.
Each of the 23 reimplantation procedures were done in office.
288 www.fpmrs.net
The reimplantation procedure for this follow-on trial was similar
to the feasibility study implantation procedure. Physicians explanted
the older eCoin located in the participants lower leg, and reimplanted
a new eCoin device in a single procedure. Physicians palpated and
marked the circular boundary of the feasibility study eCoin device,
and then marked a 2.5-cm vertical line where the original incision
was made. After generously injecting anesthetic to the incision and
eCoin site, physicians incised along this marking down to the fascia.
The subcutaneous layers were then separated to allow access to the
fibrous capsule formed around the device. Investigators made a
horizontal incision along the fibrous capsule to access and extract
the previously implanted eCoin using forceps. Once the older eCoin
was extracted, the new device was inserted and placed in the same
fibrous capsule that the previous device was situated. The marginal
increase in size of less than 1 mm for the replaced eCoin was neg-
ligible when inserted into the fibrous capsule, thus there were no
complications with insertion. The incision was then closed in mul-
tiple layers using absorbable sutures and dressed.

Participantswere providedwithwound-care instructions directing
them towear a provided compression sock, and to limit exercise to light
activities. The wound was kept dry for at least 72 hours. Participants
were instructed to resume daily walking activities.

Participants were not required to wash off or stay off of phar-
macological medications for overactive bladder during this study.
If participants took pharmacological medications for OAB, this in-
formation was recorded.

An incision-site healing check visit was completed 2 weeks
postreimplantation. Four weeks postimplantation, a trained field
clinical engineer (FCE) conducted the activation visit. During this
visit, the FCE activated and set the eCoin stimulation to an ampli-
tude (0.5 to 15 mA) at or below sensory level, which was not un-
comfortable for the participant. Participants provided feedback to
the FCE about the sensation, most indicating feeling it in the foot,
heel, and toes, suggesting stimulation of the tibial nerve. Once ac-
tivated, electrical stimulation to the tibial nerve is automatically
provided in 30-minute stimulation sessions every 3 days for 18weeks
and every 4 days thereafter. The stimulation amplitude could be
adjusted by the FCE at follow-up visits.

Follow-Up
Follow-up visits occurred at 12 weeks and 24 weeks after ac-

tivation. During these visits, assessments included review of the 3-day
voiding diary, adverse events (AEs), concomitant medication, the In-
continence Quality of Life Questionnaire (I-QOL), and Patient
Global Impression of Improvement (PGI-I) survey (a 7-point
Likert scale from 1 (very much worse) to 7 (very much better)).14

Statistical Analysis and Outcomes
Data were analyzed with R, version 3.2 (https://www.r-

project.org/). Outcomes for this study contain descriptive statis-
tics, using frequencies and proportions for categorical variables,
mean ± standard deviation for continuous data following the nor-
mal distribution, and median and range for nonnormal continuous
data. The P values for absolute and percent change from baseline
comparisons were computed using the nonparametric Wilcoxon
signed rank test because most of the outcomes did not follow a
normal distribution.

The primary effectiveness outcomewasmeasured by the num-
ber of participants achieving at least 50% reduction from baseline in
the number of UUI episodes per 24 hours on a 3-day voiding diary
after 12 weeks of therapy. The secondary effectiveness outcome
was measured by the number of participants achieving at least a
50% reduction from baseline in the number of UUI episodes per
24 hours on a 3-day voiding diary after 24 weeks of therapy. A
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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95% Clopper Pearson confidence interval was to be summarized
for the primary and secondary effectiveness endpoints. The primary
and secondary safety endpointswere device related events 16weeks
and 28 weeks after reimplantation respectively. Adverse events
were graded by the study centers as mild, moderate, or severe; seri-
ous or not serious; classified as related or unrelated; and classified
as causing or not causing study termination. The data safety mon-
itoring board reviewed all AEs, including making a confirmation
of relatedness.
RESULTS

Participant Characteristics
BetweenMarch and September 2019, 23 participants at 7 sites

met eligibility criteria, consented to enroll, and were reimplanted
with the device. Participant mean age was 63.6 ± 11.0 years, and
22 (96%) were women. There were no participants that discontinued
during the study before primary or secondary endpoints. Baseline
data obtained from the feasibility study for these 23 participants were
used as the baseline data for this study (Table 1). Data were incom-
plete for 1 participant at 24 weeks: the participant was nonadherent
in completing a voiding diary at this visit. Although not required to
wash off or refrain from OAB medication for this follow-on study,
none of the participants in this study began, continued, or restarted
taking OAB medication.

Efficacy Outcomes
At baseline, the 23 study participants experienced a median

of 3.3 episodes of UUI per day (range, 1–14.0). After reimplanta-
tion and activation of the new study device, the median number of
UUI episodes decreased to 1.3 at 12 weeks (P < 0.001), and 0.7 at
24 weeks (P < 0.001) (Table 2).

At the final follow-up visit of the feasibility study, data were
available for 22 of the 23 participants who enrolled in this reim-
plantation study. Of these 22 participants, 73% (16 of 22) were
considered responders at this 12-month follow-up endpoint of the
feasibility study.
TABLE 1. Baseline Demographics of 23 Trial Participants

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
The responder rate achieved in the feasibility was reached again
in this study. After reimplantation and activation of the new study
device, 74% of participants (17 of 23) were responders to the ther-
apy at the 12-week primary endpoint (Fig. 1). Of these responders,
a total of 71% (12 of 17) had at least a ≥ 75% reduction in UUI
symptoms compared to baseline, with 4 participants completely
dry (Table 2). The responder rate wasmaintained at 82% of partic-
ipants (18 of 22) after 24 weeks of treatment (Fig. 1). The percent-
age of responders that were completely dry after 24 weeks
increased to 44% (8 of 18). These results suggest that significant
improvement in UUI symptoms are achievable and sustainable
with continued exposure to therapy via a replacement device.

Patient-Reported Outcomes
The I-QOL and PGI-I questionnaires were completed at each

follow-up visit. The mean I-QOL scores for the 23 participants
assessed at baseline from the original feasibility study serve as
the baseline for comparisons in this study. The mean I-QOL score
at baseline was 50.1 ± 19.2. At 12 weeks, participants reported a
substantial improvement in their quality of life, demonstrated by a
significant increase in I-QOL scores and favorable PGI-I results.
Participants’ I-QOL scores improved by an average of 25.1 (16.7,
33.5) from baseline (P < 0.001). This is more than 4 times the min-
imal clinically important difference for the I-QOL of 6.3 for within-
treatment groups.15 Themean PGI-I scorewas 5.3 ± 1.4 at 12weeks.
A total of 18 of 23 (78%) participants responded with scores of 5 or
greater (“better,” “much better,” or “very much better”), consistent
with the size of the responder population. Of those 4 of 23 (17.4%)
participants reported feeling “very much better” (the highest possible
score), which is consistent with the proportion of dry patients. Three
of 23 (13%) of participants rated themselves as “same” and only 2 of
23 (8.7%) of participants rated themselves as “worse,” “much
worse,” or “very much worse” (Table 3).

At 24 weeks, patient reported outcomes improved further,
demonstrated by an average I-QOL score increase of 28.1
(20.8, 35.5) (P < 0.001), and even greater PGI-I results. A total
of 18 of 23 (78%) participants responded with scores ≥5 (better,
much better, or very much better), consistent with the size of the
responder population. Of those, 10 of 23 (43.4%) participants
www.fpmrs.net 289
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TABLE 2. Efficacy Outcomes of 23 Trial Participants Obtained From Voiding Diary Data
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reported feeling “very much better” (the highest possible score),
which is consistent with the proportion of dry patients. Three of
23 (13%) participants rated themselves as “same” and only 2 of
23 participants (8.7%) rated themselves as “worse,” with no par-
ticipants rating themselves as “much worse” or “very much
worse” (Table 3).
Safety
Mean time to reimplantation, from incision to final suture,

was 24.4 ± 9.3 min (N = 23). There were 8 device-related AEs re-
ported from a total of 21.7% of the participants (5 of 23) all of
which were typical wound healing events. These AEs included
FIGURE1. Average improvement in urgency urinary incontinence (UUI)
24 weeks of therapy (n = 22), showing sustained continuous improveme

290 www.fpmrs.net
discomfort at the incision site (3), swelling at the incision site
(2), incision site redness (1), localized dermatitis (1), and bruising
of the left posterior calf (1), most of which resolved without any
treatment. There were no related serious AEs (Table 4).
DISCUSSION
The data presented suggest that reimplantation of the eCoin

device is both a safe and effective therapy in the treatment of
OAB. Participants previously implanted with the eCoin as part
of the feasibility study were shown to have significant sustained
improvement in their UUI symptoms after device reimplantation.
The responder rate that these participants experienced in the
in all participants with implants at 12weeks of therapy (n = 23) and at
nt in therapy over duration of study.

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 3. Patient-Reported Quality of Life Outcomes for All 23 Trial Participants Obtained From I-QOL and PGI-I Questionnaires
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feasibility study (73%) was maintained at 12 weeks (74%) and
maintained at 24 weeks (82%). Patients with complete resolution
of incontinence were maintained as well, with 41% dry at the last
follow-up in the feasibility, and 36% dry at 24 weeks postactivation
of the replacement device. Patient-reported outcomeswere consistent
with objective findings as demonstrated by 78% of participants indi-
cating they felt at least better after 12 weeks of treatment, and 78% of
participants feeling at least better after 24 weeks of treatment.

Reimplantation of the eCoin device occurred without com-
plication, with short procedure time events (24.4 ± 9.3 min) by
TABLE 4. Summary of Adverse Events Safety Data for All 23 Trial Pa

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
physicians relatively naïve to the replacement procedure. This
procedure time was slightly longer than the average implantation
time in the previous feasibility study, which is attributed to the
steps of incising through scar tissue and careful incision of the fi-
brous capsule to maintain its integrity. Although device related
AEswere observed in 5 (21.7%) participants, therewere no severe
AEs, and all were resolved without complication. The strong
safety results of the reimplantation procedure, combined with
the impressive efficacy results of treatment, suggest that eCoin
is a favorable, sustainable treatment for OAB with UUI.
rticipants
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At the 24-week assessment visit, an average of more than
120 weeks had elapsed because participants were first implanted
with eCoin. The consistent efficacy of treatment displayed in this
follow-on trial confirms that if a patient responds, the therapeutic
effects of eCoin are sustained over time.With more than three quar-
ters of participants stating their symptoms are at least better with
eCoin, the potential for lifelong therapy is achievable. Upon deple-
tion of the eCoin battery, patients can have their device replaced in
less than half an hour without use of general anesthesia.

Third-line options fail to strike a balance between logistical
durability and invasiveness. Adherence to percutaneous tibial nerve
stimulation (PTNS) therapy is difficult; retrospective studies show
real-life median follow-up of 4 months and high discontinuation
rates due to logistical difficulties and physician strain.16 Sacral
neuromodulation may be seen as the more durable option, ; how-
ever, it is associated with a substantial rate of reoperation for revi-
sion or removal of the device in 24–38% of patients.17–19 A
physician’s office or clinic visit for a 24-minute eCoin device re-
placement procedure on average every 3 years significantly lessens
the treatment burden on patients, and makes maintenance therapy
hassle-free without the need for the patient to recharge the battery
or change the stimulation program.

There are some limitations to this follow-on study. The rela-
tively small cohort of 23 patients limits the power to detect subtle
differences. Further randomized comparative effectiveness studies
are needed to establish the long-term safety and efficacy of the de-
vice. The proposed average battery life for the eCoin OAB-02A
implanted in this study is 2.8 years. It remains to be seen the actual
average battery longevity of the device because it varies with pro-
grammed stimulation amplitude, and participants are still receiving
ongoing therapy. Furthermore, this study demonstrated the first re-
placement of the eCoin device. It remains to be seen if there is any
significant impact to the lower extremity tissue from additional device
replacement procedures. Modifications to improve the battery lon-
gevity for the eCoin device may be studied in the future, including
changing some parameters of the stimulation, for example reducing
the stimulation impulses from 20 to 10 Hz, which will double
the battery life.

The favorable results presented here support the safety and
efficacy of reimplantation of this fully implanted, primary battery-
powered, eCoin device for the treatment of OAB with symptoms
of UUI. The device is easy to reimplant during an office-based pro-
cedure and offers patients the potential for sustained significant re-
ductions in—or even complete resolution of—UUI associated
with OABwithout the use of an external power source.With eCoin,
patients who have OAB with UUI have the potential for a conve-
nient, life-long treatment option.
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