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OBJECTIVE

METHODS

RESULTS

CONCLUSION

To evaluate changes from baseline in urgency urinary incontinence episodes, urinary frequency
and quality of life through 12 weeks of percutaneous tibial neuromodulation (PTNM) therapy
using NURO in drug-naive overactive bladder syndrome (OAB) subjects.

Eligible subjects underwent 12 weekly PTNM sessions with the NURO system. Changes in void-
ing symptoms were evaluated with bladder diaries from baseline through 12 weeks. Analyses were
conducted for subjects with data at baseline and follow-up visits (sessions 1, 4, 8, and 12). Safety
was evaluated through adverse events (AE) related to the device, procedure, and therapy.

Of 154 subjects enrolled in the study,120 subjects met study criteria and received PTNM. The mean
age was 64.8 years, mean duration of OAB diagnosis was 3.4 years and 86% female subjects. No sub-
jects tried OAB medication prior to enrollment. At baseline, patients had 3.5 4= 2.5 (mean + SD)
UUI episodes/day. Statistically significant improvement in urgency urinary incontinence episodes
from baseline was observed at each follow-up visit (P <.0001), with a reduction of 2.4 & 2.1 episodes
after session 12 from baseline. Subjects with urinary frequency at baseline had 11.5 £ 2.9 voids/day.
After session 12, a statistically significant reduction of 1.7 & 2.5 voids/day was observed (P < .0001).
Ninety-six percent (116/120) of subjects completed the study with diary data for the primary objective
with an average of 11.6 sessions. There were no serious or unanticipated AEs. The most common AEs
were medical device site pain (3.3%, 4/121) and extremity pain (3.3%, 4/121).

PTNM using NURO is an effective and safe treatment for drug-naive patients with OAB.

UROLOGY 131: 7782, 2019. © 2019 Elsevier Inc.

veractive bladder syndrome (OAB) is a prevalent
condition defined by a constellation of symptoms
that include urinary urgency with or without resul-
tant incontinence, often with associated urinary frequency
and nocturia." The prevalence estimates vary depending
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upon the definition used and population considered, with
the overall incidence ranging from 16% to 23%.”” Multiple
studies have demonstrated an increased prevalence of OAB
with advancing age.”* OAB poses a significant and costly
public health concern that can have a tremendous effect on
the quality of life of an individual.’

The AUA/SUFU OAB Guidelines recommend starting
with dietary and behavioral modification and progressing
to pharmacotherapy and third-line therapies including
neuromodulation; however, the guidelines acknowledge
that each patient should not be required to go through
each line of treatment in the order specified.” An assess-
ment is needed to determine the best treatment option for
each patient based on allergies, sensitivity to various
adverse drug events, patient ability and motivation to com-
ply and availability of and access to specific treatments.’
Review of the literature suggests that few patients remain
on medications long-term with discontinuation rates for
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antimuscarinic agents and beta-3 agonists ranging from
38% to 88% and nearly 68%, respectively at 1 year.””
The most common reasons why patients discontinue anti-
muscarinic medications include lack of efficacy, side
effects,'’ and cost.'! Additionally, with recent reports
regarding the potential for cognitive side effects with anti-
muscarinics, many patients are seeking alternative treat-
ments.'”!” Potential side effects reported for beta-3
agonists include hypertension, nasopharyngitis, urinary
tract infections, and headache.'*

Percutaneous tibial neuromodulation (PTNM), also
known as percutaneous tibial neurostimulation (PTNS), is
considered a third-line therapy in the AUA/SUFU Guide-
lines. Its consideration as a third-line option notwithstand-
ing, the rate of patient discontinuation of medications in
conjunction with the desire of many individuals to avoid
medications all together prompted this study. This study
endeavored to evaluate a minimally invasive well-toler-
ated' ™' option using the NURO system (Medtronic, Min-
neapolis, MN) in a drug-naive patient population, a group
that has not been well studied with this modality. Based
upon the parameters utilized in the pharmacologic literature,
the study assessed absolute change from baseline, with spe-
cific attention to UUI episodes.

MATERIALS AND METHODS

This prospective, multicenter, single-arm study evaluated
changes from baseline in OAB symptoms as measured by bladder
diaries and quality of life through 12 PTNM sessions. All eligible
subjects had a diagnosis of OAB with at least 3 episodes of UUI
on a 3-day paper bladder diary. Subjects had not undergone
treatment for OAB with antimuscarinic or beta 3-agonist medi-
cations or any third-line therapy options. Institutional review
board approval and subject informed consent were obtained
prior to subject participation. Study design and subject disposi-
tion is shown in Figure 1.

The NURO system received FDA clearance in 2013 with the
following system components: an external neurostimulator (model
3533) and associated accessory kit (model 3533K). During PTNM,
the needle electrode is placed into the lower, inner aspect of either
leg. Electrical pulses are delivered through the needle to stimulate
the afferent fibers of the tibial nerve. A patient typically receives
12 weekly 30 minute treatments. Those who respond may continue
with longer term (maintenance) therapy.

After confirmation of all eligibility criteria, subjects received
12 weekly PTNM sessions with the NURO System followed by
a final study visit. Motor andfor sensory response(s) were
obtained at all PTNM sessions. Voiding symptoms were assessed
by 3-day bladder diaries at baseline and directly following
PTNM sessions #1, #4, #8, and #12. Subjects who met eligibility
criteria and received PTNM therapy were analyzed for changes
in UUI episodes per day from baseline, and in subjects with UF
(defined as >8 voids/day at baseline), the change in voids per
day from baseline was also analyzed.

The Overactive Bladder Quality of Life Questionnaire (OABq)
was used to assess the impact of OAB on health-related quality of
life (HRQL) with its subscales (Coping, Concern, Sleep, and
Social), and symptom bother'” at baseline and following PTNM
sessions #1, #4, #8, and #12. The questionnaire used in the study
included a 1-week recall for symptom assessment.
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Figure 1. Study design and disposition of subjects counts at
each visit indicate the number of subjects who have com-
pleted the visit (denoted as N¢) and number of subjects who
have missed the visit (denoted as Ny). § One subject received
PTNM treatment but did not meet eligibility criteria.

Safety was evaluated through adverse events (AE) related to
the device, procedure and therapy (all considered device-related
AEs). All device-related AEs were reported for subjects who
received PTNM therapy.

The purpose of this study was to evaluate the reduction from
baseline in the number of UUI episodes per day after PTNM ses-
sion #12. Reduction in average UUI episodes per day from base-
line was calculated for each subject (within subject) after the
PTNM session #12 and was summarized for all subjects. The fol-
lowing assumptions were used for the sample size calculations:
reduction of 0.75 UUI episodes/day from baseline, 1-sample ¢
test with 2-sided a = 0.05, 90% power, and an estimated stan-
dard deviation of 2.2 incontinence episodes/day. Based on these
assumptions, a sample size of 93 subjects was required to demon-
strate a statistically significant reduction from baseline. To
account for an attrition of approximately 20% during the course
of the study, a sample size of up to 120 qualified subjects was
planned for this study.

Statistical Analyses

The primary objective of the study was to evaluate the change in
UUI episodes per day after PTNM session #12. Calculation of
change from baseline was computed by subtracting baseline values
from PTNM session #12 values. Subjects with diary data from both
baseline and PTNM session #12 were included in the primary anal-
ysis for this objective. Supporting analysis was conducted which
included those subjects with diary data from both baseline and
PTNM session #12, as well as those who failed to provide the rele-
vant data for PTNM session #12, and those who withdrew early
due to a device-related AE, unsuccessful treatment or any other
reasons. For those who withdrew early due to device-related AEs or
unsuccessful treatment, the data that corresponded to PTNM ses-
sion #12 was set to their baseline values; for those who withdrew
from the study due to any other reason or failed to provide data for
the PTNM session #12, the Last Observation Carried Forward
method was used to impute the missing data. To assess efficacy over
time, outcomes were evaluated for subjects with data available at
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baseline and each follow-up where diary data were collected
(PTNM session #1, #4, #8, and #12).

Secondary objectives of the study included assessment of the
reduction in number of voids per day from baseline following
PTNM session #12 in UF subjects and changes in QOL as mea-
sured by the OABq Questionnaire. In both secondary objectives,
primary and supporting analysis was performed as described in
the primary objective.

Descriptive statistics were used to summarize device-related
AEs.

For all analyses to assess the changes from baseline, paired ¢
test or Wilcoxon signed-rank test was used after testing for data
normality by calculating Shapiro-Wilk W statistic. All statistical
tests were examined for significance at the 0.05 level. SAS soft-
ware package (version 9.4, SAS Institute, Cary, NC) was used
for all analyses.

RESULTS

One hundred and fifty-four (154) subjects at 12 sites enrolled in
the study. One hundred-twenty (120) were qualified and 121
subjects received PTNM therapy, with 1 not meeting eligibility
criteria. The subject who did not meet eligibility criteria was
included only within the safety analysis. The most common rea-
son for screen failures in the study were subjects who did not
qualify with 3 episodes of UUI on the 3-day voiding diary. Over-
all, subjects who received PTNM therapy underwent an average
of 11.6 sessions. Among 121 subjects who received PTNM treat-
ment, 4 subjects discontinued therapy prior to reaching Session
#12, and 1 subject missed the final study visit and was lost to fol-
low-up (as shown in Fig. 1). Of 116 subjects who provided data
at both baseline and PTNM Session #12, 107 subjects completed
12 sessions; 7 subjects completed 11 sessions; and 1 subject each
completed 10 and 9 sessions, respectively. Ten sites contributed
data for analysis; however, no site exceeded 20% of the total
number of qualified subjects. Demographics for the 120 subjects
who received PTNM therapy are shown in Table 1. Subjects
had a mean age of 64.8 years with a mean duration of OAB diag-
nosis of 3.4 years at the time of enrollment, with no subjects hav-
ing tried an OAB medication or advanced therapy treatment for
OAB. The majority of subjects (73.3%) had tried a conservative
therapy for OAB prior to study enrollment. Conservative

0.0

PTNM #1
-0.5 (n=

-1.0
-1.5
-2.0
-2.5
-3.0

-3.5

Table 1. Baseline demographics

Demographics

Gender
Female
Male
Race
White
Black
Asian
Other
Age, mean + SD, y
Years since OAB diagnosis
Body mass index
Baseline UUI episodes/day*
Baseline voids/day*

Total (n=120)

103 (85.8%)
17 (14.2%)

105 (87.5%)
13 (10.8%)
1(0.8%)
1(0.8%)
64.8 + 11.6
3.4+5.1
30.147.1
3.542.5 (n=119)
11.5+2.9 (n = 86)

PTNM #4
(n=113)

Secondary diagnoses

Urinary frequency 81 (67.5%)

Urinary retention 5 (4.2%)
Stress incontinence 39 (32.5%)
Fecal incontinence 8(6.7%)
Most common history of
conservative therapies
Bladder retraining 27 (22.5%)
Kegel exercises 80 (66.6%)
Dietary and fluid restrictions 39 (32.5%)
Weight loss 27 (22.5%)
Smoking cessation 15 (12.5%)
Pelvic floor physical therapy 15 (12.5%)

SD = standard deviation.

* One subject did not have evaluable diary at baseline.

Voids include only those subjects who qualified for UF (>8 voids/
day) at baseline.

therapies for OAB included physical therapy, pelvic floor muscle
training, behavior modification, and dietary programs. At base-
line, subjects had an average of 3.5 + 2.5 UUI episodes/day.
Ninety-six percent (116/120) of subjects completed the study
and provided diary data for the primary objective. For the pri-
mary objective, change in UUI episodes/day after PTNM session
#12 from baseline, a statistically significant reduction of 2.4 +
2.1 (median: 2.0) UUI episodes/day was observed (P < .0001;
Fig. 2). Supporting analysis was completed (not shown) and was
consistent with the results from the primary analysis. Reduction

PTNM #8
(n=116)

PTNM #12
(n=116)

3k %

Figure 2. Change in UUI episodes per day by visit. Baseline = 3.5 UUI episodes per day. Error bars are 95% confidence inter-

vals (Cl). ***P < .0001.
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Figure 3. Change in HRQL and its subscales by visit. Baseline = 45(Concern); 53.1(Coping); 52.1(Sleep); 80.4(Social);
56.1(HRQL). All paired tests comparing follow-up to baseline had a P <.0001. Error bars are 95% CI. A positive change indi-

cates improvement in QOL.

in UUI episodes from baseline over time is also shown in Fig. 2,
indicating increasing efficacy over time through 12 therapy ses-
sions. The UUI responder rate (>50% reduction in UUI epi-
sodes from baseline) increased over time with a rate of 77.6%
following PTNM Session #12 and a complete continence rate of
39.7%.

One of the secondary objectives was to evaluate change in
voids in UF subjects. UF subjects had 11.5 + 2.9 voids/day at
baseline. After completing the PTNM session #12, a statistically
significant reduction of 1.7 & 2.5 (median: 1.3) voids/day was
observed (P < .0001).

When evaluating changes in QOL with the OABq tool,
HRQL and its subscales, as well as symptom bother showed sig-
nificant improvement from baseline (all P <.0001) after PTNM
session #12 (Fig. 3). The minimally important difference for the
HRQL and subscales are 10 points.'” As shown in Figure 3, aver-
age improvements from baseline for Concern, Coping, Sleep,
and HRQL are 3-4 times greater than minimally important dif-
ference at PTNM session #12. Change in OABq domains from
baseline over time are also shown in Figure 3, indicating increas-
ing QOL improvement over time up to 12 therapy sessions.

There were no serious adverse device events or unanticipated
adverse device events. A total of 20 device-related AEs occurred
in 14% of subjects (17/121), with most being transient and
including device site pain (3.3%, 4/121) and pain in extremity
(3.3%, 4/121). None of the device-related AEs required any
medical intervention. There were 1408 PTNM sessions that
occurred in the study resulting in 0.014 events per session. All
device-related AEs were resolved at the completion of the study.

DISCUSSION

Favorable outcomes were observed in all objectives
assessed in the study. Additionally, there was a notable
improvement of both the primary and secondary outcome
measures over the 12-week study period. This cohort dem-
onstrated high compliance regarding study visits, along
with bladder diary and questionnaire completion.

80

Additionally, the unmistakable increase in improvement
of UUI, UF, and OABq responses noted in this study over
time would emphasize the importance of completing all
12 PTNM sessions before assuming that maximal thera-
peutic success has been reached.

At 14%, the percentage of patients who experienced a
device-related AE was consistent with the literature,'®'®
and resulted in 0.014 events per PTNM session. AEs experi-
enced in this study were transient and did not require inter-
vention. As a comparison, the rate of AEs reported with
antimuscarinics ranges from 9.7% to 63%,'” and although
serious side effects are rare, this may, at least in part, be a rea-
son for the high discontinuation rate of medications.

According to current AUA/SUFU OAB Guidelines,’
PTNM is positioned as a therapy for patients who have
failed or not tolerated oral medications. Given the cost and
potential side effects of oral medications and the lack of seri-
ous adverse device events with PTNM, it seems reasonable
to investigate PTNM in the drug-naive population. Utiliz-
ing parameters set by prior pharmacologic studies, eligibility
criteria for this study were set to target patients with UUL
Though direct comparison between patients who fail medi-
cation prior to PTNM and those who go directly to PTNM
was not a part of this study, using similar criteria theoreti-
cally allows for an opportunity to investigate the role of
PTNM in the drug-naive patient.

This brings focus to the important issue of compliance
with therapy. Though the high treatment completion rate
in this cohort may have been related to patient commit-
ment to the trial, oversight by research staff, and a treat-
ment period of 12 weeks, it remains a fact that the
discontinuation rate of antimuscarinics is high. Reported
rates at 1 year range from 38.2% in an open label study’
to 88.6% in a retrospective assessment of medical claims
data.” The converse persistence rates at 1 year are consis-
tent with the above, ranging from 5% to 35% dependent
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upon the medication studied.'”*° This phenomenon was
not limited to antimuscarinic agents with the 52-week
persistence rate on mirabegron, a beta-3 agonist, reported
to be only 31.7%.” Given the limited durability of medi-
cation compliance, an alternative to pharmacotherapy is
attractive. Long term data on the use of PTNM is limited
in the published literature. Recently, Sirls et al reported
75.6% compliance with 12 weekly PTNM therapy ses-
sions and 54.9% of patients continuing with maintenance
therapy.”' Peters et al investigated long-term use of
PTNM in 50 patients in the STEP*” who had completed
12 PTNM sessions in the SUmiT Trial.'® In this study, 29
patients completed the 3-year follow-up visit.”* Given the
early effects of the therapy, understanding compliance
with long-term treatment may be a future area of interest
to understand the durability of treatment effect and ther-
apy adherence.

This represents the first evaluation of PTNM in the
drug-naive patient and a limitation of the study is its sin-
gle-arm design. Though the efficacy was very encouraging,
a randomized study with a sham arm in a drug-naive popu-
lation might provide even more guidance regarding the
use of PTNM in these patients. A logical assessment of
the published literature might suggest that PTNM (also
called percutaneous tibial nerve stimulation, or PTNS, in
the literature) would be favored in such a study.

Though not inclusive of a drug-naive patient popula-
tion, Peters et al demonstrated superiority of PTNS over a
validated sham for both subjective and objective parame-
ters in the SUmiT trial.'® At 12 weeks follow-up, 54.5%
vs 20.9% (P<.001) of patients reported moderate to
marked improvement in their symptoms in the PTNS and
sham groups, respectively. Also, by 12 weeks, a mean
reduction in the number of voids/day of —2.4 (PTNS)
and —1.5 (sham) (P =.01), and a median reduction in
UUI episodes per day of —1.3 (PTNS) and —0.3 (sham)
(P =.002) were noted, which is similar to that which was
noted in this study.

Direct comparison of PTNS and tolterodine in the ran-
domized controlled OrBIT study showed a statistically sig-
nificant improvement in both arms with a cured/improved
rate of 79.5% with PTNS and 60.5% with tolterodine.'®
However, this population was not drug-naive. A recent
meta-analysis on antimuscarinic agents showed an efficacy
with medications'” that was similar to PTNS, and a sys-
tematic review and meta-analysis of PTNS for OAB also
concluded that the efficacy of PTNS was comparable to
the effect of medications but with a better side effect pro-
file.”’ Given the available data, there is clearly a role for
PTNM that might warrant consideration earlier in the
treatment algorithm than third line.

Finally, durability of symptom relief is an important
consideration, particularly given the high rate of dis-
continuation of medications by 1 year. Though the
standard of care for PTNM is only 12 weeks, and there
is not sufficient long-term maintenance data to warrant
a standard schedule, sustained efficacy has been
reported in 2 extension studies. With an average
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treatment interval of 21 days, the OrBIT trial exten-
sion showed a sustained decrease in daily voids, UUI
episodes, and nocturia at 12 months.”* Similarly, the
STEP Study, utilizing an average of 1.1 maintenance
treatments per month, showed sustained efficacy and
safety out to 3 years in a limited number of patients
who continued follow-up in the study.”” Improvement
in the understanding of therapeutic durability and
standardization of maintenance therapy would be valu-
able information and warrant further study.

CONCLUSION

This study demonstrated successful outcomes regarding
both safety and efficacy using PTNM, a minimally inva-
sive neuromodulation technique, to treat OAB in drug-
naive patients. While pharmacotherapy may still be an
option for some patients with OAB, our findings suggest a
role for PTNM as a second line option after conservative
and behavioral therapies for patients who wish to avoid
medication.

Acknowledgments. The study investigators thank Kira Sto-
len, Ph.D.; Kellie Berg, M.S.; Colleen Haberman, M.S.; and
Sudha Iyer, Ph.D. for their contributions.
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