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Purpose: To determine if self-administered transcutaneous tibial nerve stimulation (TTNS) is a feasible treatment option for
neurogenic bladder among people with spinal cord injury (SCI) who utilize intermittent catheterization for bladder manage-
ment.

Methods: Four-week observational trial in chronic SCI subjects performing intermittent catheterization with incontinence
episodes using TTNS at home daily for 30 minutes. Those using anticholinergic bladder medications were given a weaning
schedule to begin at week 2. Primary outcomes were compliance and satisfaction. Secondary outcomes included change in
bladder medications, efficacy based on bladder diary, adverse events, and incontinence quality of life (I-QoL) survey.

Results: All 16 subjects who started the study completed the 4-week trial rating TTNS with high satisfaction and easy to use,
without discomfort. Twelve of 14 patients (86%) using anticholinergic bladder medications reduced their dosage and main-
tained similar frequency and volumes of bladder catheterization and incontinence episodes. Bladder medication reduced by
approximately 3.2 mg weekly (95% confidence interval, -5.9 to -0.4) and anticholinergic side effects of dry mouth and drowsi-
ness decreased more than 1 level of severity from baseline (P =0.027, P=0.015, respectively). At 4 weeks, total I-QoL score im-
proved by an average of 3.2 points compared to baseline in all domains.

Conclusions: This pilot trial suggests TTNS is feasible to be performed at home in people with chronic SCI. Participants were
able to reduce anticholinergic medication dosage and anticholinergic side effects while maintaining continence, subsequently
improving QoL scores. These results advocate for further randomized, controlled trials with longer duration and urodynamic
evaluation to assess long-term efficacy.
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INTRODUCTION

There are over 1 million people living with spinal cord injury
(SCI) in the world resulting in neurogenic bladder (NGB) in
nearly all who have suprasacral injuries [1,2]. NGB in SCI has
long been recognized as a major contributor to morbidity and
reduced quality of life (QoL), identified as the number one re-
search priority in those living with SCI in 2004 [3]. Revisiting
the research priorities 15 years later, NGB remains the top pri-
ority in those living with SCI [4]. Indeed, the current manage-
ment options are suboptimal, with up to 50% of people with
SCI NGB developing serious urologic complications [5].

The goal for bladder management in SCI is often intermit-
tent catheterization [6]. After conservative approaches have
failed, the current treatment approach to reduce incontinence
between catheterization is to initiate overactive bladder (OAB)
medications, which can inhibit detrusor overactivity (DO), in-
crease bladder capacity, and decrease detrusor pressures [2].
This medication management suffers from a high rate of non-
compliance among people with SCI due to the anticholinergic
side effects (i.e., dry mouth, sedation, constipation, etc.) where
larger doses are often required to prevent urinary incontinence
[7,8]. Furthermore, anticholinergic medications are limited as a
long-term treatment as newer evidence suggests an inherent
risk of dementia with higher cumulative anticholinergic medi-
cation doses [9,10]. Alternative treatment options without in-
creasing anticholinergic burden are necessary.

One such alternative is chemodenervation of the bladder us-
ing onabotulinum toxin A, which has shown efficacy in treating
NGB in SCI [11]. However, there are several limitations to con-
sider, including the expensive and invasive cystoscopy required,
the need for annual repeated treatments, and the increased risk
of urinary tract infections (UTTIs), the most frequently reported
adverse event occurring in 24%-56% of cases [12,13]. Neuro-
modulation is another US Food and Drug Administration
(FDA) approved treatment option for OAB which does not
have anticholinergic side effects, although considered experi-
mental in the NGB population.

Neuromodulation of the bladder evolved from the work of
Tanagho and Schmidt in the 1980s, in which they were able
elicit voiding with electric stimulation of the ventral sacral
nerve roots [14,15]. This research led to the development of a
surgically implanted electronic device for sacral neuromodula-
tion (SNM), FDA-approved for symptoms of OAB in 1997 and
more recently, received FDA approval for the treatment of fecal
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incontinence in 2010. SNM has shown efficacy in the SCI pop-
ulation, but had considerable surgical complications [16]. This
surgical procedure is expensive and largely unavailable to the
SCI population. With far less risks and adverse events, percuta-
neous tibial nerve stimulation (PTNS) is another FDA-ap-
proved neuromodulation treatment for OAB.

Tibial nerve stimulation (TNS) was first described by Mc-
Guire et al. [17] in 1983, using electric stimulation of the poste-
rior tibial nerve to inhibit detrusor activity, as seen in hind limb
stimulation in animal models. This was then translated to hu-
man clinical trials and since the 1990s, PTNS has received FDA
approval for the treatment of OAB. PTNS requires needles to
be placed by trained healthcare professionals through the skin
of the inner ankle to stimulate the tibial nerve [18]. Benefits of
PTNS include increased bladder capacity, reduced detrusor
pressure, and improved QoL [19,20]. Delivered weekly in clinic,
PTNS has low compliance and is not a feasible treatment op-
tion in a population known to have difficulty accessing health
care [18,21]. However, neuromodulation has the potential to
hurdle the barriers in NGB management in patients with mo-
bility impairments by developing a noninvasive, readily-avail-
able, inexpensive treatment that can be used at home.

Consider transcutaneous TNS (TTNS), the transcutaneous
adaptation of PTNS. PTNS has demonstrated equal efficacy to
newer anticholinergic bladders medications in a randomized
control trial of 100 SCI subjects, while boasting fewer adverse
events [22]. A large study of this nature has not been performed
with TTNS in SCI. However, in a multicenter study of NGB
due to multiple sclerosis, TTNS improved urinary urgency in
more than 80% of the subjects, reduced frequency, and had a
positive impact on QoL measures [23]. To investigate whether
TTNS could be used from acute injury to home, we performed
TTNS in acute SCI and found it safe and feasible, with evidence
suggesting efficacy [24]. The observed significant decline in
bladder capacity and increased detrusor-sphincter dyssynergia
(DSD) in the sham-control group was mitigated in the TTNS
group [24]. We next sought to test whether TTNS could be fea-
sibly self-administered in the community setting in people with
paraplegia.

MATERIALS AND METHODS

This clinical trial was approved by the Institutional Review
Board and is registered with clinicicaltrials.gov: NCT03458871.
From March 2018 to January 2019, subjects who presented for

Int Neurourol J September 30,2019



routine follow-up to our tertiary care SCI clinic were screened
and recruited for our study. Inclusion criteria for eligible sub-
jects were individuals older than 18 years of age with a traumat-
ic, chronic SCI (>1 year), and using intermittent catheteriza-
tion to empty their bladders with complaints of incontinence
between catheterizations. Excluded were individuals with active
neurologic and medical issues, other genitourinary diagnoses
(i.e., benign prostate hypertrophy, bladder cancer), symptomat-
ic UTIL neurologic levels of injury caudal to thoracic level 9
(T9), more than 2 medications for hyperreflexive bladder,
changes in these medications in the past month, and onabotuli-
num toxin A treatment for NGB in the prior 6 months.

After meeting initial screening criteria, subjects interested in
participating in the study had TTNS performed in clinic to
demonstrate proper placement of electrodes. TTNS was applied
to the right leg with the negative electrode behind the internal
malleolus and the positive electrode 10 cm superior to the neg-
ative electrode, verified by great toe flexion or toe spreading
with rising current intensity (Fig. 1). Subjects were excluded if
we could not verify that the tibial nerve was being electrically
stimulated.

Once enrolled, baseline incontinence quality of life (I-QoL)
survey and an anticholinergic side effect questionnaire were ad-
ministered. Known anticholinergic side effects (dry mouth,
constipation, hard stool, sleepy/tired, decreased thought pro-
cess, and decreased sexual drive) were scored as none, mild,
moderate, or severe. These surveys were repeated after the
4-week trial, with an additional TTNS satisfaction survey con-
sisting of a continuous scale of 0 =strongly disagree, 5=neutral,
and 10 =strongly agree.

Subjects were instructed to perform TTNS with frequency of
10 Hz and 200-psec duration with current intensity lowered
until absence of toe movement for 30 minutes at constant stim-
ulation daily for 4 weeks [24-26]. For those that were using

Procedure:

- Toe flexion to verify proper position
- 30 minutes of daily use

- Weekly electrode replacement
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bladder medications, they were individually provided with a
weaning schedule. They were to use TTNS concurrently with
their medications for week 1. At week 2, they were to reduce
one of their bladder medications in half, and if tolerating this
reduction, continue reducing medications weekly. At any point,
if patients perceived increased urinary frequency or increased
incontinence episodes, they were to contact the study team to
increase their dosage and attempt weaning the following week.

Subjects were sent home with the protocol instructions, a
commonly prescribed NMES (neuromuscular electric stimula-
tor) device (Stamobil+, Innovative R P Inc., Houston, TX, USA)
with 5 pairs of electrodes (1 pair per week), and a bladder diary
for the 4-week trial. In the bladder diary, subjects were instruct-
ed to record daily catheterizations and volumes, bladder incon-
tinence (accidents/leaks), and milligrams of daily bladder medi-
cation. They also recorded the use of TTNS with current inten-
sity settings and whether or not they achieved toe flexion. All
UTTs, occurrence of skin irritation, or any other change in med-
ical statues required phone contact with the study team. The re-
search assistant contacted subjects weekly to collect bladder dia-
ry data and monitor participants’ progress and compliance.

Statistical Methodology

For this pilot trial, a convenience sample of 16 subjects was used.
For compliance and satisfaction with TTNS, descriptive statis-
tics were calculated to determine the dropout rate and percent
of adherence to the prescribed regimen as well as program satis-
faction, respectively. For evaluation of QoL changes during the
study period, change in mean I-QoL scores were calculated
from posttrial and baseline survey. Changes in catheterization
measures and anticholinergic bladder medications were com-
pared with average weekly measures using Wilcoxon matched
pair signed rank or paired t-test. Mixed-effects linear regression
modeling was also used with the bladder diary variables to eval-

Protocol:

Baseline and 4-week surveys

Daily voiding diary for 4 weeks

Week 1: TTNS+no change in 0AB meds

Week 2-4: TTNS+medication weaning weekly as tolerated

Fig. 1. Brief description of TTNS procedure and protocol with an illustration of the TTNS surface electrode placements near the ankle
and at the distal leg. TTNS, transcutaneous tibial nerve stimulation; OAB meds, overactive bladder medications.
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Table 1. Baseline characteristics

Characteristic Value
Age (yr), mean+SD 389+11.1
Years of injury, median (IQR) 8.75(3.1-19.4)
Male sex 13 (82)
Bladder medication
2 Medications 3(19)
1 Medication 11 (69)
0 Medication 2(13)
Race
White 6(38)
Hispanic 6(38)
Black 2(12)
Asian 2(12)
AISY
A 11 (69)
B 2(13)
C 2(13)
D 1(6)
Neurologic level”
Cl-4 0(0)
C5-8 3(19)
T1-4 6(37)
T5-9 7(44)
Etiology
MVA 10 (63)
GSW 4(25)
Other 2(12)

Values are presented as number (%) unless otherwise indicated.

SD, standard deviation; IQR, interquartile range; AIS, American Spinal
Injury Association Impairment Scale; MVA, motor vehicle accident;
GSW, gunshot wound.

YAIS: A, complete injury; B, motor complete injury; C, motor incom-
plete injury with less than half of muscles below the motor level with
antigravity strength; D, motor incomplete injury with at least half of the
muscles below the motor level with antigravity strength. ®Neurologic
level: C, cervical; T, thoracic.

uate the changes over time adjusting for subject variability.

RESULTS

Compliance and Satisfaction (Section I)

Of the 21 subjects screened in clinic, all 16 subjects that con-
sented to participate completed the trial. Baseline characteris-
tics are presented in Table 1. Mean age was 38.9 years (standard
deviation [SD], 11.1) and median duration of injury was 8.8
years (interquartile range, 3.1-11.1 years). About 80% of the
subjects were male, consistent with the increased prevalence of
men with SCI. There were 3 subjects with tetraplegia (19%), 11
with complete injury (69%), and 14 (88%) were using anticho-
linergic bladder medications. Of these, 3 (21%) used 2 bladder
medications. All 16 subjects completed the 4-week trial. Aside
from lower genitourinary tract adverse events (some worsening
incontinence described in section III), no other adverse events
were reported, including skin problems, burns, autonomic dys-
reflexia, changes in bowel function, and changes in sexual func-
tion. Fourteen of the 16 subjects recorded data in the bladder
diary which showed 98% compliance for daily use in the
4-week period. The remaining 2 subjects verbally attested to
daily use but were not used for this analysis. All 16 subjects
completed the satisfaction survey at the end of the 4-week trial.
All subjects reported no pain from the use of TTNS (Fig. 2).
Fourteen of the 16 subjects strongly agreed (10 of 10) that
TTNS was easy to use and 15 of 16 would strongly agree (10 of
10) to recommend it to others.

Quality of Life (Section II)
Baseline and posttrial I-QoL and anticholinergic side effect
scores are presented in Fig. 3. Mean changes in I-QoL total and

TTNS Satisfaction Survey

Overall, I would recommend TTNS for those with neurogenic bladder
If TTNS works as well as medications, I would switch to TTNS

I enjoyed using TTNS

TTNS improved my quality of life

TTNS was not painful

TTNS did not irritate my skin

It was easy to remember to use TTNS

It was not embarrassing to use TTNS

TTNS was easy to use

0

0=strongly disagree

2 4 6 8 10

5=neutral 10 =strongly agree

Fig. 2. Mean responses with standard error bars to questions on transcutaneous tibial nerve stimulation (TTNS) Satisfactions Survey.
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I-QoL scores

M Baseline
W Posttrial

L

Total
Limitation

Avoidance &

Psychosocial Social
embarrassment Q

Anticholinergic side effect symptom severity

Severe

Moderate

Mild

None

Dry mouth

Constipation

Hard stool

Decreased

cognition e

Sleepy/tired

Fig. 3. (A) Baseline and posttrial results of incontinence quality of life (I-QoL) survey total and subscores. (B) Baseline and posttrial
responses to anticholinergic side effect severity of symptom questionnaire. *P < 0.03.

subscores were greater than 2 points, defined as “a little better”
by the I-QoL scoring instructions. The mean change in the se-
verity of anticholinergic side effect symptoms based on the
questionnaire decreased significantly by 1.5 categories (-1.5,
P=0.01), indicating less anticholinergic side effects. Specifically,
dry mouth severity reduced from severe to moderate (6 [38%)]
to 1 [6%], P=0.027) and sedation severity reduced from severe
to mild (10 [63%] to 6 [38%], P=0.015) after the 4-week TTNS
trial. Demographics and SCI phenotypes were not significantly
associated to I-QoL and anticholinergic side effect scores.

Catheterization and Anticholinergic Bladder Medication
Measures (Section Ill)

Weekly average catheterization frequency and volumes, as well
as occurrence of bladder incontinence episodes (accidents/
leaks), were stable over the 4 weeks, despite significant reduc-
tions in milligrams of bladder medications (Fig. 4). Most sub-
ject (8, 57%) reported stable or decreased episodes of average
weekly incontinence episodes. Those with more average weekly
incontinence episodes from baseline (>1) had: discontinued
their bladder medications entirely (1 of 6, 17%); were taking 2

Int Neurourol J September 30,2019

bladder medications (3 of 6, 50%); and had symptomatic UTIs
(2 of 6,33%).

Of the 14 subjects using bladder medications at the beginning
of the trial, 12 (86%) were able to reduce their bladder medica-
tions, 4 (29%) were able to completely discontinue one bladder
medication including one subject using 2 medications. Mean re-
duction of bladder medication dosage was 8.6 mg from baseline
(mean £ SD, 26.6 £25.0 mg) to the end of the 4-week trial (18.0+
23.4 mg). Based on mixed-effects linear regression modeling ad-
justing for subject variability, bladder medication dosage de-
creased by 3.2 mg per week of TTNS use (95% confidence inter-
val, -5.9 to -0.4). The 2 participants that were not able to reduce
their bladder medications were using 2 bladder medications and
experienced increasing incontinence episodes with dose reduc-
tions. Intensity of stimulation and occurrence of toe flexion did
not change significantly over the 4-week study period.

DISCUSSION

Supported by strong prospective observational and brain imag-
ing studies regarding the association between anticholinergic

www.einjorg 253
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Voiding diary

B Daily cath freq ™ Cath volume M Bladder accidents

12 400
350
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Bladder medication dosage
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Fig. 4. (A) Weekly voiding diary demonstrate stable volumes of catheterization (cath), frequency (freq) of daily catheterizations, and
bladder incontinence (accidents). (B) Significant reductions in mean weekly milligrams of anticholinergic bladder medications.

*P<0.003.

medication use and cognitive impairment, Alzheimer disease,
and dementia, the American Urogynecologic Society published
a statement strongly recommending reducing overall anticho-
linergic burden and consideration of alternatives for OAB [27].
With similar concerns for the NGB population, this pilot trial
provides evidence for the feasibility of home bladder neuro-
modulation for NGB in SCI with TTNS, a nonpharmacologic
alternative treatment without anticholinergic side effects.
Subjects in the trial found TTNS easy to use and were nearly
100% compliant for 4 weeks of daily use. It is unlikely that daily
use will be needed in sustained management of TTNS, as week-
ly use may only be needed for maintenance [26]. Satisfaction
with TTNS was very high, with nearly everyone strongly recom-
mending TTNS for those with NGB, and would prefer using
TTNS if equal to their bladder medication efficacy. Also, partici-
pants responded that the use of TTNS was not embarrassing,
not surprising considering the ankle is a modest site for electric
stimulation should assistance be required from caregivers. All

254 www.einj.org

16 participants indicated that they wanted to continue using
TTNS at home after conclusion of their study participation.

The majority of subjects were able to maintain reduced anti-
cholinergic bladder medications by the end of the 4-week trial
of TTNS. This explains the decreased anticholinergic side ef-
fects at the end of the trial, with significant reductions in dry
mouth and feeling tired. In the treatment of OAB, reducing an-
ticholinergic side effects have been recognized as a way to im-
prove QoL [28]. This may have contributed to the increased I-
QoL scores observed in this trial.

This trial also suggests preliminary evidence of efficacy, with-
out significant worsening of catheterization volumes and fre-
quency, while reducing anticholinergic bladder medications.
Although not significant, frequency of reported incontinence
increased during the trial. One possible reason for this in-
creased incontinence is that it may reflect the increased inconti-
nence in those with UTIs. Another possible explanation is that
patients with 2 bladder medications experienced worse inconti-

Int Neurourol J September 30,2019



nence while reducing their medications. In practice, these pa-
tients likely tried several medications and combinations to
manage incontinence as their bladder compliance and capacity
deteriorated. It is unlikely that the mechanism of TTNS can
help with improving compliance and capacity after the bladder
has significantly remodeled.

The leading theory for the mechanism of bladder neuro-
modulation in TTNS is that stimulation of the tibial nerve sen-
sory afferents blocks the visceral bladder afferents at the level of
the spinal cord [29]. This leads to a disruption of the bladder
reflexive arc, decreasing the motor efferent activity and reflexive
bladder contractions, reducing episodes of DO and DSD. It
may be that the mechanism of TTNS is insufficient to prevent
DO and DSD in cases of severely deteriorated NGB, highlight-
ing the need to prevent this development. TTNS has been ex-
plored in acute SCI with the hypothesis that early intervention
may mitigate the morbidity that develops in the natural course
of SCINGB [24].

There are several limitations in this study, primarily the lack
of a sham-control group and urodynamic outcome measures,
limiting conclusions on efficacy outcomes. However, this pilot
trial served the primary purpose of determining the feasibility
of TTNS as a home treatment plan for SCI NGB and provides
information on treatment effects. Future studies incorporating
urodynamic studies would be required to establish TTNS as an
acceptable method for NGB management in SCI. Also, the
small number of participants, the duration of the intervention,
and the lack of long-term follow-up are limitations, however
this was a pilot trial with the goal of generating data for a larger
study. Finally, participants in this cohort were using typical
first-line bladder anticholinergic medications, not beta-3 ad-
renergic receptor agonists, which have been shown to reduce
NGB symptom burden without improving urodynamic param-
eters, pad weights, or voiding diary parameters compared to
placebo [30]. However, this class of medication is not currently
FDA-approved for use in NGB.

In conclusion, this pilot trial suggests self-administration of
TTNS in chronic SCI is feasible to perform at home for the
management of NGB. In a population known to require higher
doses of bladder medications resulting in high rates of noncom-
pliance, an accessible, cost-effective, nonpharmacologic treat-
ment option is needed. Studies with long-term outcomes and
urodynamic measures are needed to establish TTNS as a stan-
dard management option for SCI NGB.
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