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Electrical pelvic floor stimulation: a possible alternative treatment for
reflex urinary incontinence in patients with spinal cord injury
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The present study demonstrates the clinical experience of pelvic floor stimulation using
percutaneous implantable electrodes and implantable electrical stimulator for the treatment of
reflex urinary incontinence in patients with spinal cord injury. Pelvic floor stimulation was
carried out on six paraplegic patients who had urinary incontinence from an overactive
bladder. After the percutaneous implantation of a pair of electrodes, chronic stimulation was
carried out by employing an implanted receiver or an external pulse regulator. Within 4 to 16
weeks of electrical stimulation urinary incontinence was improved in four of the six patients.
In two of these six patients, incontinence was completely abolished subjectively. Urodynamic
investigations demonstrated an increased volume at the first unstable contraction (P<0.01) in
all of the patients. Inhibition of detrusor overactivity was obtained from this procedure. The
stimulation effect appeared to be constant during chronic stimulation. This new procedure
probably provides a stable and reliable stimulation effect for long term treatment, and may be

an alternative treatment for previous external electrical pelvic floor stimulation.
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Introduction

It is now well known that electrical pelvic floor
stimulation (EPFS) improves urinary incontinence
due to an overactive bladder through the inhibitory
spinal reflex mechanism.' * Previous reports demon-
strated that the sympathetic nerve pathways would
play a significant role in bladder inhibition by EPFS
during urinary storage.*® Earlier EPFS has been
performed by external stimulating devices, such as
anal and/or vaginal plugs.®”® Although EPFS by
external devices offers a convenient treatment, there
are several disadvantages. Leakage of electrical current
from the device to the applied mucosa induces pain on
stimulation, and occasionally injures the mucosa.
Sufficient activation of the pelvic floor may depend
upon the positioning of the device. Since sufficient
contraction of pelvic floor muscles appears to be
important for bladder inhibition,'® the effect of EPFS
seems to be inadequate. To overcome such problems
we previously described our preliminary exlperience of
the percutaneous procedure for EPFS.''" " In these
studies, we employed a percutaneous implantable
electrode, since this electrode appears to be suitable
for chronic electrical stimulation.'*'> Moreover, in
three patients in the present series, we performed
chronic EPFS by a percutaneous implantable electrode
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with an implantable stimulator which was regulated by
an external pulse transmitter. The results of EPFS on
patients with spinal cord injury are presented.

Subjects and methods

Subjects

Six male patients aged 29—51 years (average 36.8
years) underwent electrical pelvic floor stimulation. All
of the patients had urinary incontinence resulting from
spinal cord injury. Table 1 summarizes the clinical
presentations of these cases. They all had full
urological examinations including urodynamic studies.
H,0O-cystometry revealed overactive detrusor function
with detrusor external sphincter dyssynergia. Conser-
vative treatment including self-catheterization and the
administration of anticholinergic agents failed to
control their incontinence.

Electrode implantation

The electrode we employed was a commercially
available Teflon insulated 19 strand stainless steel
wire (SES114, NEC, Japan).** Before electrode
implantation, test stimulation with a 25G thin needle
electrode (SES115, NEC, Japan) was carried out. The
technique for test stimulus and electrode implantation
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Table 1 Clinical presentations and results of EPFS in six patients with spinal cord injury
Treatment
Level of spinal Method of bladder Implant of period
Patient no.  Age Sex cord injury drainage stimulator Effect of EPFS  (months)
1 34 male Thi2/L1 No Unchanged 2
2 51 male C5/6 No Improved 28
3 29 male L1/2 No Unchanged 2
4 24 male Thd/5 Yes Cured 22
5 40 male Thé/7 Tapping Yes Improved 16
6 43 male C4/5 Tapping Yes Unchanged 2

has been previously described in detail.'"'* Each
patient had implanted stimulating electrodes in the
perineal region, into the levator muscle or the external
urethral sphincter. These two electrodes were buried in
the subcutaneous tissue of the ipsilateral thigh using a
subcutaneous ‘tunnel’ needle.'?

Implantation of the stimulating device

In this series, three patients underwent implantation of
the stimulator. To implant this, a longitudinal skin
incision of about 6 cm was made in the medial aspect
of the ipsilateral thigh. Electrodes were exposed
through this skin incision (Figure 1). We used an
implantable receiver (XTREL model 3470 with model
7496 extension, Medtronic, USA; Figure 2) which was
developed as spinal cord stimulation for the control of
neuralgia.'® Electrodes were attached to the stimulating
device by a silicon adhesive agent (Figure 1). After
opening the subcutaneous space by the blunt dissec-
tion, the stimulator was implanted, (Figure 1) and the
subcutaneous tissue and skin were then closed.
Implantation was accomplished within 40 min in all
of the patients.

Electrical stimulation

Initiation of therapeutic stimulation took place 2 weeks
after implantation to avoid the migration of electrodes.
The stimulating wave form was a negative going
rectangular pulse with a 0.5 msec duration. We
employed a fixed frequency of 5 Hz considering the
bladder inhibition.!” The stimulating output was
amplitude-modulated and its maximum voltage was

Figure 1 Procedure for the implantation. (A) Showing
electrodes (arrow) exposed through the skin incision. (B)
Electrodes were attached to the extension (thin arrow) and
then connected to the receiver (arrow). (C) Electrodes, the
extension and the receiver were implanted subcutaneously



10 V. Patients received intermittent stimulation four
times during daytime. Each stimulation lasting 30 min.
At night-time continuous stimulation was performed.
Stimulation was regulated by an external radiofrequent
pulse transmitter (XTREL model 3425, Medtronics,
USA; Figure 2) in three patients during each stimu-
lation period. The three other patients used our
external pulse regulator for chronic stimulation, as we
have previously reported.'® These patients required to
connect the end of electrodes to the external stimulator
during the stimulating periods.

Evaluations

Evaluations by water-cystometry were repeated every
second week. In this series, the effect of EPFS was
evaluated after 4 weeks of therapeutic stimulation.
Bladder compliance was defined as a change in bladder
volume per change in detrusor pressure.

Compliance was measured at the volume of first
involuntary contraction. Changes in urodynamic
parameters were analysed by Student’s #-test. The
degree of urinary incontinence was evaluated by the
quantification of urine leakage by weighing urinary
pad. Changes in subjective symptom were considered
in three categories: cured, by which the patient stated
he had no incontinence; improved, by which frequency
of incontinence and/or quantity of urine leakage had
been diminished but incontinence was still persistent;
unchanged, by which subjective symptoms were not
changed.

Results

Changes in urinary leakage

The results of chronic EPFS in six patients are shown
in Table 1 and Figure 3A. In three of the six patients, 4
weeks of EPFS therapy improved their urinary
incontinence. In two of these three patients, urinary
incontinence has disappeared and they could manage

Figure 2 Showing implantable stimulator (receiver; A) and
external pulse transmitter (B)
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without a urinary pad. In one patient, although he still
requires a urinary pad, the amount of urinary leakage
decreased. In three patients, urinary incontinence was
not quantitatively improved by EPFS. Voiding by
suprapubic tapping was not affected by EPFS. In this
series, urinary incontinence was effectively treated in
50% of the patients.

Urodynamic findings

Figures 3B-D summarize the changes in the
urodynamic parameters before, and after 4 weeks of
treatment. The volume at first unstable contraction
increased in five patients. The volumes at the first
unstable contraction (mean+SE) before and after the
treatment were 129.8+25.7 ml and 232.4+47.3 ml,
respectively. This volume has also increased in two
patients whose symptoms were unchanged. Detrusor
pressure at the maximal unstable contraction had been
remarkably suppressed in three out of six patients. The
degree of unstable contraction was not significantly
changed in the other three patients. Bladder compli-
ance at the first unstable contraction appeared to be
improved after the treatment. Figure 4 showed a
representative response to EPFS.

Adbverse reactions and follow-up

There were no complications related to the implanta-

tion of the stimulating device; and there were no

problems concerned with the implantable stimulator.
Pain and discomfort on stimulation were resolved

by lowering the stimulation amplitude. All patients

could continue the stimulation during the period of
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Figure 3 Changes in quantity of urine loss (A) and
cystometric parameters (mean+ SE; B—D) before and after
therapeutic stimulation

413



Electrical perineal stimulation for urinary incontinence
M Ishigooka et al

414

A
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Figure 4 Changes in the findings by cystometry. (A) Before treatment. (B) Four weeks after the treatment. The volume of

involuntary detrusor contraction increased from 190 ml to 390 ml

treatment. The possible occurrence of electrode break-
age or migration was checked by taking occasional X-
rays. No electrode migrated. Stimulation is continued
in three patients who respond well to the stimulation
and discontinued in the other three patients at 8 weeks
of treatment. The follow-up period of successfully
treated patients are shown in Table 1. There were no
apparent differences between stimulation by the
implantable stimulator and the external stimulator in
respect of the effects of treatment.

Discussion

In patients with spinal cord injury, voiding appears to
be incomplete since they usually show detrusor-external
sphincter dyssynergia.'® Moreover, detrusor hyperre-
flexia and high intravesical pressure are often
associated with such a condition. Therefore, patients
ordinarily show reflex urinary incontinence. The goal
of bladder management in the patients with spinal cord
injury is to achieve adequate bladder drainage, low-
pressure urine storage, and low intravesical pressure.
Relative continence and low-pressure urine storage can
be made by administration of anti-cholinergic agent
and intermittent catheterization.'® However, in many
patients, urinary incontinence due to reflex bladder
could not be managed by such treatments and they
need to wear external collecting devices. Therefore,
bladder inhibition by electrical stimulation appears to
be applicable to achieve low-pressure urine storage and
urinary continence in such patients.

Percutaneous implantable electrode had been
developed for the use of functional electrical stimula-
tion to restore impaired function of paralyzed
extremities.!*! Its fundamental properties and non-
surgical procedure appeared to be also eligible for the
chronic application in EPFS.'*'? Indeed, as reported
previously, our method could offer easy, stable and
non-invasive treatment.'> In this series, we also
implanted stimulating devices controlled by external

radiofrequent pulse transmitter. Implantable electrode
and stimulator for EPFS were also reported in the
early 1960s by Caldwell.'” However, this procedure
was abandoned because of risk of major surgery for
electrode implantation and limited durability of the
device. Other investigators then tried external elec-
trode arrangement.® ° We could not abandon
technique of direct stimulation, since direct procedure
appears to offer more effective treatment than that of
external stimulating system.’*?' Moreover, the effect
of bladder suppression depends upon contraction of
the external sphincter.'”2? EPFS by external electrode
would not always produce adequate sphincteric
contraction. Thus, we employed percutaneous direct
implantation of electrodes. Although our method
probably provides stable and sufficient stimulation by
relatively non-invasive procedure, this method also has
the following disadvantages: (1) Since we used external
stimulator, patients must connect the electrodes to the
external stimulator on each stimulation; (2) Since
electrodes are exposed at the inside of the thigh, a fear
for inflammation and cosmetic problems are inevita-
ble; (3) Although, in general, bladder inhibition is
achieved not only during the stimulation but also
temporarily or permanently,** many patients in our
previous series show recurrence of urinary inconti-
nence after the removal of the electrodes.'? For such
patients, reimplantation of electrodes could not always
be acceptable. Thus, an implantable stimulating device
seemed necessary for long-term care for these patients.
Present procedure seems to provide relatively non-
invasive and durable technique for chronic EPFS by
implantable devices.

Clinical results of the present series were encoura-
ging. Volume at first unstable detrusor contraction
increased considerably in five patients after the
treatment. In two patients, degree of unstable
contraction decreased. Clinical improvement rate of
50% in neuropathic overactive bladder seemed to be
comparable to other reports.”?*?* Low-pressure



urinary storage and low-pressure bladder were
achieved by EPFS. Serious complications by implan-
table stimulating devices did not appear in long term
usage, although urinary incontinence in these patients
could be managed by external collecting devices or
urinary pad, such a management often results in
dermatitis and skin ulceration of the perineal region.
Improved wurinary continence in these patients
probably offers improved quality of life in such
patients.

Conclusions

Urinary incontinence was improved in 50% of patients
with spinal cord injury by EPFS. EPFS appears to be a
physiological treatment, since this type of treatment
utilizes normal spinal reflex mechanism.'”'” Further-
more, EPFS does not sacrifice other physiological
functions. Although EPFS is not effective in all
patients, this type of treatment shoud be considered
on patients with reflex urinary incontinence if
conservative therapies could not control their incon-
tinence.
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