PERCUTANEOUS TIBIAL NERVE STIMULATION
IN LOWER URINARY TRACT DISORDERS

MICHAEL ROGIER VAN BALKEN




ISBN 90 8659 065 9
Omslag © MR van Balken
Printed by Print Partners Ipskamp

The publication of this thesis was generously sponsored by Uroplasty BV

Additional support was granted by Astellas Pharma BV, Astra Tech BV, AstraZeneca
BV, BARD Benelux NV, Bayer BV, Coloplast BV, Ferring BV, GlaxoSmithKline,
Hodes Group, Hoogland Medical BV, Ipsen Pharmaceutica BV, Johnson&Johnson
Medical BV, Lamepro BV, Medical Partners, MMS International, Mundipharma
Pharmaceuticals BV, Novartis Pharma BV, Nycomed Nederland BV, Pfizer
Greenwood Team, G. Pohl Boskamp GmbH &Co. KG, Sanofi Aventis, SCA Health
Care and UCB Pharma BV




VRIJE UNIVERSITEIT

PERCUTANEOUS TIBIAL NERVE STIMULATION
IN LOWER URINARY TRACT DISORDERS

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad Doctor aan
de Vrije Universiteit Amsterdam,
op gezag van de rector magnificus
prof.dr. L.M. Bouter,
in het openbaar te verdedigen
ten overstaan van de promotiecommissie
van de faculteit der Geneeskunde
op vrijdag 2 maart 2007 om 13.45 uur
in de aula van de universiteit,
De Boelelaan 1105

door
Michael Rogier van Balken

geboren te Amsterdam




promotor:
copromotor:

prof.dr. B.L.H. Bemelmans
dr. H. Vergunst




“You speak of signs and wonders, | need something other”
U2, Crumbs from your table

Aan Bianca
Aan mijn kabouters




Contents

Prologue: Introduction and outline of the thesis

Page 11: Introduction

Page 12: Outline of the thesis

Chapter 1: Historical perspective

Page 19: The use of electrical devices for the treatment of bladder dysfunction: a
review of methods (J Urol 2004)

Chapter 2: Feasibility and clinical data

Page 57: Posterior tibial nerve stimulation as neuromodulative treatment for lower
urinary tract dysfunction (J Urol 2001)

Page 71: Percutaneous tibial nerve stimulation as neuromodulative treatment of
chronic pelvic pain (Eur Urol 2003)

Page 85: Sexual functioning in patients with lower urinary tract dysfunction

improves after therapeutic neuromodulation (Int J Impot Res 2006)

Chapter 3: Urodynamic data

Page 101:  Posterior tibial nerve stimulation in the treatment of overactive bladder:
urodynamic data (Neurourol Urodyn 2003)

Page 115:  Posterior tibial nerve stimulation in the treatment of voiding dysfunction:
urodynamic data (Neurourol Urodyn 2003)

Chapter 4: Prognostics and maintenance

Page 133: Prognostic factors for successful percutaneous tibial nerve stimulation
(Eur Urol 2006)




Page 145: Percutaneous tibial nerve stimulation (PTNS) in the treatment of
refractory overactive bladder syndrome: is maintenance treatment a
necessity? (BJU Int 2006)

Chapter 5: Towards an implantable device

Page 159: Implant driven tibial nerve stimulation in the treatment of refractory
overactive bladder syndrome: 12-month follow up (Neuromodulation
2006)

Epilogue: Synopsis and future perspectives

Page 179:  Synopsis

Page 184: Future perspectives

Epiloog: Synopsis en toekomstverwachtingen

Page 195: Synopsis

Page 201: Toekomstverwachtingen

Appendices

Page 211:  Abbreviations
Page 213: List of publications
Page 216: Dankwoord

Page 220: Curriculum Vitae







PROLOGUE

Introduction and outline of the thesis







Introduction

Lower urinary tract dysfunction Non-neurogenic lower urinary tract dysfunction is a
common urological problem that strongly affects quality of life. Patients can complain
of urgency and frequency, urge incontinence, chronic pelvic pain or present with
urinary retention. In most patients the etiology of these complaints remains unclear. '
Conservative treatment options for bladder overactivity, that is the urgency and
frequency syndrome and/or urge incontinence, consist of behavioral techniques with
or without biofeedback, bladder re-education, pelvic muscle exercises or
pharmacotherapy involving anticholinergics, antispasmodics and tricyclic anti-
depressants. Patients with non-obstructive urinary retention can perform clean
intermittent or permanent catheterization. For refractory cases of overactive bladder
more aggressive surgical procedures, including bladder distension, ileocystoplasty or
urinary diversion have been advocated. However, high recurrence and complication
rates limit the widespread application of these treatments.

Therefor, other treatment modalities, able to fill the gap between conservative
measures and surgical procedures, are urgently needed. The increased popularity of
intravesical Botulinum toxin injection therapy, first in neurological patients only 2, but
now in non-neurological patients with overactive bladder as well *, can be seen in
that light. The same goes for neuromodulation, especially for its most successful
representative so far: continuous sacral root stimulation (Medtronic, Inc.,
Minneapolis, Minnesota). *® Although highly effective in selected patients, this
technique is expensive and requires explicit surgical skill. Not surprisingly, the quest

for better alternatives is ongoing.

Percutaneous tibial nerve stimulation Inspired by previous work on
transcutaneous tibial nerve stimulation by McGuire et al. /, Marshall Stoller started
research on percutaneous tibial nerve stimulation (PTNS) as neuromodulative
treatment in lower urinary tract dysfunction. After initial testing in pig-tailed monkeys
8 PTNS was later investigated in humans with promising results. o

PTNS is performed in patients placed in the supine position with the soles of the feet
together and the knees abducted and flexed (‘frog-position’). A 34 gauge stainless
steel needle is inserted approximately 3 to 4 cm, about 3 fingerbreadths cephalad to

the medial malleolus, between the posterior margin of the tibia and soleus muscle. A
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stick on electrode is placed on the same leg near the arch of the foot. The needle
and electrode are connected to a low voltage (9 volts) stimulator (Urosurge,
Coralville, lowa) with an adjustable pulse intensity of 0 to 10 mA., a fixed pulse width
of 200 microseconds and a frequency of 20 Hz. The amplitude is slowly increased
until the large toe starts to curl or toes start to fan. If the large toe does not curl or
pain occurs near the insertion site, the stimulation device is switched off and the
procedure is repeated. If the large toe curls or toes start to fan stimulation is applied
at an intensity well tolerated by the patient. If necessary the amplitude can be
increased during the session. In the original studies patients underwent 12 weekly
outpatient treatment sessions, each lasting 30 minutes. If a good response occurred
the patient was offered chronic treatment. "

After Stoller's presentation of the first clinical data on the European Urological
Association in 1999 °, further studies on this new promising treatment option were
conducted, especially by research groups in Europe, resulting amongst others in this

thesis.

Outline of the thesis

Chapter 1: Historical perspective Neurostimulation and neuromodulation
techniques are not new. From the discovery of electricity, its possible use in medicine
was explored. Starting from intravesical application, electrical pulses in urology were
used to target the bladder, pelvic floor or different nerves in order to improve voiding
and/or storage problems. Nevertheless, the many techniques discovered all had their
disadvantages. Chapter 1 of this thesis consists of a review on the use of electrical
devices in treating bladder dysfunction. It creates a background against which the
development of yet another treatment option, namely Percutaneous Tibial Nerve

Stimulation (PTNS), as well as its clinical value can be better understood.

Chapter 2: Feasibility and clinical results To explore the possible value of PTNS,
a feasibility study was performed in 49 patients with overactive bladder or non-
obstructive urinary retention, indications well known from other neuromodulative
treatment options. Results were obtained using (micturition) diaries and quality of life

questionnaires, while the definition of success was based on subjective parameters.
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Next, several indications were studied in more detail. Overactive bladder and non-
obstructive urinary retention were evaluated by Vandoninck et al. '''?, the results of
which are not included in this thesis. Research on chronic pelvic pain was performed
in 33 patients, again using visual analogue scales for pain diaries and quality of life
questionnaires, but now also objective parameters for success were included. Finally,
the potentially beneficial effect of successful PTNS treatment of lower urinary tract
dysfunction on sexual functioning in the three evaluated indication groups combined
(121 patients) was investigated. All three studies in this chapter are indicative of the

clinical relevance of percutaneous tibial nerve stimulation.

Chapter 3: Urodynamic data Although one can obtain rather objective parameters
from especially (micturition) diaries, urodynamic studies may provide more robust
data on the effectiveness of percutaneous tibial nerve stimulation. Therefore, studies
on urodynamics prior to PTNS as well as after completing treatment were performed
in 90 patients with overactive bladder and 39 with non-obstructive urinary retention,
respectively. Basic urodynamic parameters in concordance of International
Continence Society standards were used as outcome measures, so were special
bladder indices. The studies in this chapter further objectively affirm PTNS

significance.

Chapter 4: Prognostics and maintenance In chapter 4 two studies are presented
regarding refinement of PTNS therapy. First, for all indication groups clinical
parameters with prognostic value for successful treatment outcome have been
assessed. Amongst others general patient characteristics, stimulation parameters,
items like duration of complaints and previous therapies tried, urological symptom
measurements, quality of life and psychological issues, but also data regarding a
history of sexual and/or physical abuse were evaluated for their predictive value.
Thereafter, a study was performed to investigate the necessity for maintenance
therapy once successful outcome had been obtained. Both studies lead to
recommendations for better patient selection as well as an optimization of PTNS

therapy in order to improve treatment outcome.

Chapter 5: Towards an implantable device To enable flexible, individualized

treatment schedules and chronic maintenance therapy, both independent of
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outpatient department support, an implantable device was developed for radiographic
subcutaneous tibial nerve stimulation. Chapter 5 presents a feasibility study (follow
up: 12 months) regarding this implantable device. It should convince the reader that
much effort is made to keep improving tibial nerve stimulation, including its major

drawback: maintenance therapy.
Summary and future perspectives In this part of the thesis all studies included are

summarized and discussed. Furthermore, the future role of percutaneous tibial nerve

stimulation as well as thoughts on further research is reflected upon.
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Introduction

In humans, the hypogastric plexus, originating from spinal levels Th10-L2,
sympathetically innervates the bladder. Stimulation of these nerves results in
relaxation of the detrusor muscle and contraction of the intrinsic sphincter, thereby
inhibiting micturition. Stimulation of the pelvic plexus, parasympathetic nerves
originating from spinal level S2-S4, has an opposite effect. Pudendal nerves, coming
from the same spinal level as the pelvic plexus, innervate the pelvic floor and the
external sphincter. In the spine and on the supraspinal level pathways and
interactions are much more complex. Especially studies by de Groat " and Blok *°
have given us some insight in the processes involved.

Actual damage of the peripheral or the central nervous system (CNS), like in
neurological patients, or disruption of the fine-tuned balance between inhibitory and
excitatory stimuli, as occurs in some non-neurological patients, may result in lower
urinary tract dysfunction. This dysfunction can lead to voiding disorders (like impaired
micturition or urinary retention) and/or storage disorders (like urgency/frequency (UF)
and/or urge incontinence(Ul)). Both conditions can strongly influence quality of life.
Therapeutic options for these patients vary from conservative treatments as pelvic
floor training, biofeedback, medical treatment and self-catheterization to invasive
surgical procedures, with serious side effects and limited success. ©

Over a century, electrical neurostimulation and neuromodulation have been
investigated as alternative treatment options. In neurostimulation nerves or muscles
are directly stimulated by electrical stimuli to obtain immediate responses. As could
be expected, neurostimulation techniques have been used in neurological patients
mainly. In neuromodulation electrical stimuli are exerted in order to alter present
transmission processes. Neuromodulation therapy is used in patients with non-
neurological lower urinary tract dysfunctions. Recently, not only an increasing
amount of reports about the application and refining of current stimulation and
modulation techniques have been published, but there is also a renewed enthusiasm
to develop alternative modalities, like percutaneous tibial nerve stimulation (PTNS) 7,
magnetic stimulation of the pelvic floor ® or pudendal nerve stimulation (PNS). ° In
order to be able evaluate the clinical effectiveness of to these new treatment options
we review the application of the various electrical devices for treatment of bladder

dysfunction with respect to mechanism of action and clinical outcome.
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Electrical stimulation of the bladder

Intravesical electrical stimulation Saxtorph first used Intravesical electrostimulation
in 1878 for the treatment of urinary retention. A dedicated catheter was inserted
transurethrally in the bladder with a metal-electrode inside and a neutral electrode
placed suprapubically. '© From then time passed till 1959, when Katona et al
described a technique of intraluminal electrotherapy for various disorders of the
gastrointestinal tract. '' Later on the same technique has been applied for the

2 Since then intravesical

treatment of neurogenic bladder dysfunction.
electrostimulation has been described by others with inconsistent results (Table 1).
Intravesical electrostimulation involves direct intraluminal electrical stimulation via a
catheter with a special stimulation electrode. The bladder is filled with sodium
chloride to serve as a cathode and an indifferent electrode is placed on the thigh or
arm. The technique has been used mostly in children with incomplete nerve lesions
resulting in absence of bladder sensation and/or insufficient detrusor contractions.
Normally micturition is initiated by depolarization of intramural mechanoreceptors,
which through complex CNS reflexes elicit detrusor contractions. This is
accompanied by the occurrence of sensation. '° Intravesical current is thought not to
activate the detrusor myocytes directly but to stimulate bladder mechanoreceptor
afferents, enhancing bladder sensation and subsequent (stronger) detrusor
contractions. Supporting this theory are the findings that for direct stimulation of
efferent nerves to the bladder much higher (and painful) current intensities are
needed, and that intravesical anesthesia by lidocaine abolishes the detrusor
response. ° Long-term results of intravesical stimulation may be due to potentation
of excitatory synapses in the central micturition reflex pathway. ™

Intravesical electrical stimulation of the bladder remains, however, controversial.
Although in most studies enhanced bladder sensation and (stronger) detrusor
contractions can be found after intravesical electrotherapy, this does not necessarily
result in an improvement of volitional voiding. The increases of bladder capacity
widely differ in the aforementioned publications. Besides, there are certain other
disadvantages: the technique is time-consuming and requires well-trained personnel
and adequate equipment. More importantly, there is no simple test to predict clinical
outcome. Therefore, the first 10-15 stimulation sessions are considered as a trial,

only to be continued when a positive response is registered. Duration and intensity of
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Table 1 Publications on intravesical electrostimulation

Author y.o.p. Pts. Typeof Indication Treatment scheme Treatment parameters Outcome
study (%)
Intensity ~ Pulses  Freq.
(msec) (Hz)

Adults or age not mentioned:

Katona ' 1975 420 NRCT NBD/VD-SD 90 min. daily, 1-5 mA 5-10 70-100 75c
No. of sessions n.m.

Farnsworth '® 1976 15 NRCT  NBD/VD n.m. n.m. n.m. n.m. 33i

Madersbacher 7 1982 29 NRCT NBD/VD 90 min. daily, 1-10mA  6-8 70-100  59i, 34c
23-132 sessions

Primus ' 1996 48 NRCT NBD/VD 90 min., 5x/week, 10 mA 4 20 54¢
10-108 sessions

Children:

Nicholas ' 1975 20 NRCT NBD/SD 90 min., 5 x/week, 1mA n.m. 90 0i
up to 3 months

Janneck % 1975 14  NRCT NBD/VD-SD  30-60 min. daily, n.m. 5 50 71i
No. of sessions n.m

Berger 2! 1978 31 NRCT  NBD/VD-SD 90 min. daily, 56mA 56 50-60  38i, 26¢
22-300 sessions

Seiferth % 1978 28 NRCT NBD/VD 60 min., 2-3x/week, 1-70 VvV 5 25 43i
6-9 months

Madersbacher 1978 8 NRCT  NBD/VD-SD 90 min., 5x/week, n.m. n.m. n.m. 25¢
+ 60 sessions

Kaplan x 1986 24 NRCT NBD/VD 90 min., 5-6x/week, 1-10mA 26 60-90 17c
1-110 sessions

Kaplan % 1988 42 NRCT NBD/VD 90 min., 3-5x/week, n.m. n.m. n.m. 33-80i
> 15 sessions

Decter * 1992 21 NRCT NBD/VD 90 min. daily, 1-10mA  2-6 60-90  5i
1-3x 5-30 sessions

Boone 7 1992 31 RBPCT NBD/ND 90 min., 5x/week, 1-7TmA 46 40-80  Oi
15 or 30 sessions

Lyne » 1993 17 NRCT NBD/VD 90 min., 5x/week, 1-10mA 25 60 29i, Oc
15-108 sessions

Decter (1) * 1994 25 NRCT  NBD/VD 90 min. daily, 1-10mA 26 60-90  Oi

1-6x 15-30 sessions

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, RBPCT = Randomized

Blinded Placebo Controlled Trial, NBD = Neurogenic Bladder Dysfunction, VD = Voiding Disorder, SD = Storage Disorder, No. =

Number, n.m. = not mentioned, i = improved, c = cured, (1) = follow-up report on publication of 1992: mostly the same patients

are described

A REVIEW OF METHODS

23




the stimulation highly differ between individuals and protocols, thus lacking a
standardized treatment scheme. Frequencies used in humans vary between 40 and
100 Hz despite recent data obtained in cats and rats showing that much lower
frequencies (< 20 Hz) seem to be of more benefit. '*™ In patients with neurogenic
bladder dysfunction repeated stimulation is often needed, whereas in non-neurogenic
bladder dysfunction initial treatment most of the time will be sufficient. Intravesical
electrostimulation usually will be combined with intensive bladder training, which may
account partly for the successful outcome. '°

Thus far, intravesical electrostimulation has not gained widespread acceptance ',
reflected by the small amount of clinical reports in recent years. Further research on

its precise mode of action continues to be performed. "'

Direct bladder stimulation Advancing technology resulted in miniature powerful
transistorized devices in the early 1960’s, which ultimately enabled human use of
implantable stimulators. ** In 1962 Bradley described the use of an implantable
receiver-stimulator with disk (Grass stimulator) and tape (Medtronic stimulator)
electrodes applied directly to the bladder of dogs 3, followed one year later by a less
encouraging report on its application in humans. % Further research resulted in the
Avco stimulator using 2-4 silastic coated stainless steel electrodes embedded in the
anterior or lateral wall of the bladder, whereas the receiver-stimulator is placed
subcutaneously in the lower abdomen. * In an attempt to decrease the risk of erosion
and dislocation of electrodes the Susset stimulator was developed, using 8 platinum
disk electrodes placed in two circles on the bladder in pockets made under the
superficial muscular layer. > The Mentor stimulator consists of helical electrodes
placed around the vesical neuromuscular pedicle with the bladder wall imbricated
over these electrodes, and a bladder stimulator placed subcutaneously in the left
lower quadrant of the abdomen. %

The working mechanism of all the abovementioned devices is based on direct
stimulation of the detrusor muscle in order to provoke a contraction. The clinical
results are summarized in table 2. Stimulation is usually combined with bladder
training performed by clamping the indwelling catheter for increasing periods. In this
way reflex activity may be provoked in patients with areflexic bladders.

The use of the Avco device in patients with upper motor neuron lesions causes

external sphincter spasms during stimulation, thereby preventing effective bladder

24 CHAPTER 1




Table 2 Publications on direct bladder stimulation

Author y.0o.p. Pts. Typeof Indication Stimulator Treatment parameters Outcome
study (%)
Intensity Pulses Freq.
(V) (msec) (Hz)

Adults or age not mentioned:

Bradley ** 1963 7 NRCT  NBD/VD Grass or Medtronic  5-15 1-5 nm. 29
stimulator
Boyce ¥ 1964 3 NRCT  NBD/VD Grass stimulator 20-40 n.m. 60 33i 33¢c
Stenberg * 1967 4 NRCT NBD/VD Avco stimulator 2.5-18 4 20 75i
Hald * 1967 4 NRCT  NBD/VD Avco stimulator <15 4 20 75i
Susset *2 1968 1 NRCT NBD/VD Susset stimulator 10-20 1 10-40  100i
Halverstadt*® 1971 8 NRCT  NBD/VD Avco stimulator n.m. n.m. nm.  25i, 50c
Merrill * 1974 5 NRCT  NBD/VD Mentor stimulator ~ n.m. n.m. nm.  40i
Merrill *° 1975 5 NRCT  (N)NBD/VD Mentor stimulator ~ n.m. n.m. nm.  60i
Jonas ' 1978 11 NRCT NBD/VD-SD Mentor or Susset n.m. n.m. n.m. 67i
stimulator
Children:
Kantrowitz * 1965 3 NRCT NBD/VD-SD Avco stimulator 4.4-10 4 20 67i
Merrill 43 1974 2 NRCT  NBD/VD Mentor stimulator ~ n.m. n.m. nm.  100i
Wheatley ** 1982 8 NRCT  NBD/VD Mentor stimulator ~ n.m. n.m. nm.  38i

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, NBD = Neurogenic
Bladder Dysfunction, NNBD = Non Neurogenic Bladder Dysfunction, VD = Voiding Disorder, SD = Storage Disorder, n.m. = not

mentioned, i = improved, ¢ = cured

emptying. Neither more cephalad placement of the electrodes on the bladder in order

to decrease spread of current to the pelvic floor 3

, hor using other stimulation
devices solved this problem. Therefore, implantation of a bladder stimulator has
sometimes been combined with the implantation of a Mentor pelvic floor stimulator

k %8 or with bladder neck incisions and/or

and/or a subarachnoidal spinal phenol bloc
sphincter resections to decrease detrusor-sphincter-dyssynergia. *' Other authors
consider upper motor neuron lesions a clear contraindication for extravesical bladder
stimulation. %2

Other disadvantages of extravesical bladder stimulators are painful sensations
experienced during stimulation, a high technical failure rate usually related to
electrode erosion, and in the long term a decreasing response due to bladder

fibrosis. %
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Notwithstanding acceptable clinical outcome in selected cases the technique of direct
bladder stimulation has finally been abandoned because of the occurrence of
detrusor-sphincter-dyssynergia in patients with upper motor neuron lesions and the
pain accompanying stimulation in patients with incomplete lower motor neuron

lesions *® or non-neurogenic hypotonic bladders. *°

Electrical stimulation of pelvic nerves In an attempt to treat voiding disorders,
unilateral pelvic nerve stimulation was tested in dogs as early as in 1957 by Ingersoll
et al. * Unfortunately, results of pelvic nerve stimulation appeared to be
disappointing because pudendal nerves are stimulated at the same time, resulting in
increased outflow resistance by sphincter contractions. Besides, pelvic nerves cannot
be stimulated chronically, and early splitting of its fibers in the pelvis, forming a broad

plexus, makes the application of an electrode unsuitable. *¢

Electrical stimulation of pudendal nerves

Transvaginal stimulation In 1963 Caldwell reported the successful implantation of
an anal sphincter stimulator in a patient with faecal incontinence. Shortly thereafter, a
similar stimulator was implanted in another patient for urinary incontinence. 47 Later
on, a plug for intra-anal use was developed “® that was subsequently modified. *°
Based on the experiences with anal stimulation for faecal and urinary incontinence,
transvaginal stimulation for urinary incontinence was evaluated by Fall et al in 1977.
%0 Since then, Fall and co-workers have published several reports about transvaginal
electrical stimulation in non-neurogenic patients with urinary incontinence and
interstitial cystitis (IC). °*? In animal experiments performed to illuminate the working
mechanism of this technique *3, they demonstrated that bladder inhibition (relaxation
of the detrusor) was accomplished by reflexogenic activation of sympathetic
hypogastric inhibitory neurons and by central inhibition of pelvic parasympathetic
excitatory neurons, the pudendal nerves forming the afferent pathways for these
effects.

Although the technique is easily applicable and can be performed by patients at
home, there are some disadvantages. Usually, treatment has to be given for a long

period of time and eventually not all patients can stop therapy. There are also
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considerable discrepancies between symptomatic cure or improvement on one hand
and urodynamic findings at follow-up on the other. Overall, the transvaginal way of
treatment is not well accepted by most patients. To achieve an acceptable outcome
of therapy, stimulation at high intensity is needed which cannot be easily tolerated by
women with normal sensation in the pelvic region. Consequently, further reports on

this treatment modality are scarce (table 3). 5%

Table 3 Publications on transvaginal stimulation

Author y.0.p. Pts. Type of Indication Treatment scheme Treatment parameters Outcome
study (%)
Intensity Pulses Freq.
(msec) (Hz)

Fall * 1977 15 NRCT NNBD/SD Continuously during daytime, >3~ <12V 1 10 100i
months

Fall > 1980 4 NRCT NNBD/SD Continuously during daytime, 6 to n.m. 2 10 25i
23 months

Fall 1984 30 NRCT NNBD/SD Continuously during day- or night- n.m. n.m. 10 73i
time or 24 hours, up to 23 months

Bent > 1993 31 NRCT NNBD/SD 15 min., twice daily, 6 weeks <30V 1 20 52-70i

Brubaker *° 1997 61 RBPCT NNBD/SD 20 min., twice daily, 8 weeks <100mA 0.1 20 49c

Yamanishi ® 2000 68 RBPCT NNBD/SD 15 min., twice daily, 4 weeks n.m. 1 10 81i, 22¢

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, RBPCT = Randomized
Blinded Placebo Controlled Trial, NBD = Neurogenic Bladder Dysfunction, NNBD = Non Neurogenic Bladder Dysfunction, SD =
Storage Disorder, n.m. = not mentioned, i = improved, ¢ = cured

Functional or Maximal Electrical Stimulation In 1967 Moore and Schofield *’
stimulated anesthetized patients with urinary stress incontinence with faradic 1 msec
pulses between an unipolar electrode placed on the perineum and an indifferent
electrode on the sacrum with intensities at which the pelvic floor muscles contracted
maximally. This was repeated 4-6 times during the session. Godec et al *® described
their technique to improve the results of this type of stimulation, called chronic
Functional Electrical Stimulation (FES). Using an anal plug or needle electrodes,
stimulation was performed while measuring EMG responses and vesical as well as
urethral pressure changes. In a later report *°, the same authors changed their

technique, calling it Acute Maximal Functional Electrical Stimulation (AMFES). In
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AMFES, very high stimulation levels were possible because of sensory losses
associated with spinal cord injury.

Other authors ®*®® tried to maximize stimulation in a procedure called Maximal
Electrical Stimulation (MES), stimulating with an intensity as high as tolerable and
also increasing the number of stimulation sites when possible. Women were
therefore stimulated anally as well as transvaginally at the same time. Sometimes
even needles directed to the pudendal nerve were added. % The results vary

considerably, also because different criteria for success were used (Table 4).

Table 4 Publications on functional or maximal electrical stimulation

Author y.o.p. Pts. Typeof Indication Treatmentscheme Treatment parameters Outcome
study (%)
Intensity Pulses  Freq.
(mA) (msec) (Hz)
Godec *® 1976 126 NRCT (N)NBD/SD  Anal or needles, cont., 1-3 10-15 1 20 92i
months
Godec 1979 18 NRCT NBD/SD Anal * needles, cont. or 15-20 10-15 or 1 20 45i, 36¢
min./2-3 days, 4-10x in total 100-150
Merrill & 1979 20 NRCT NBD/SD Anal, cont. for 5-12 months n.s n.m. n.m. 20i
Plevnik ® 1979 98 NRCT (N)NBD/SD Anal or vaginal, 30-100 1 20 48i
20 min./week, 4 weeks
Plevnik ' 1984 6 NRCT NBD/VD Anal t vaginal, 15-20 min., 2-  50-90 1 20 83i
4x/month
Ohlsson ® 1989 29 NRCT (N)NBD/SD  Anal + vaginal + needles, 20  2-120 1 10 38-100i
min./week, 4 weeks
Fossberg®® 1990 91 NRCT NNBD/SD  Anal + vaginal, 12x 20 min. <100 1 5-10 56i
Caputo® 1993 57 NRCT NNBD/SD  Vaginal, 6x 15 min./week n.m n.m 20 70-73i
Petersen® 1994 13 NRCT NBD/SD Anal, 2x 30 min./day, 12 days n.m. 0.3 40 17i
Geirsson ® 1997 84 NRCT (N)NBD/SD Anal + vaginal or penile, 2x 20 5-82 0.75 5 54i, 5¢

min./week, 4x in total

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, Cont. = Continuously, NRCT = Non Randomized Clinical Trial,
NBD = Neurogenic Bladder Dysfunction, NNBD = Non Neurogenic Bladder Dysfunction, VD = Voiding Disorder, SD = Storage

Disorder, n.m. = not mentioned, i = improved, ¢ = cured

Especially the physical and psychological discomfort of this treatment modality
experienced in these studies by many patients who often not finished the studies or
were not willing to continue chronic therapy, limited acceptance of functional or

maximal electrical stimulation.
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Penile and clitoral stimulation Being the most superficial branch of the pudendal
nerve the dorsal nerve of the penis is very near to the skin surface. ®® Squeezing the
glans penis has been shown to suppress bladder contractions ®°, but electrical
stimulation of the penis did not cause a significant change in intravesical pressure at
urodynamics during the filling phase. ° The pudendal pelvic nerve reflex has been
proposed as a mechanism of bladder inhibition "2 because pudendal nerve afferents
from the dorsal nerve of the penis course to sacral cord segments S2 to S4, the
same sacral segments from which detrusor afferents, the pelvic nerves, arise. /' The
increase in PNS either stimulates the sympathetic system that suppresses bladder
activity via the B-adrenergic system or it stimulates the spinal interneurons that
release inhibitory neurotransmitters (such as enkephalins, glycine or y-aminobutyric
acid). '?

In experimental studies acute effects of dorsal penile nerve stimulation seem
promising, especially in improving bladder capacity. However, clinical studies lack
significant effects (Table 5) and many patients experience bothersome sensations
during stimulation even at threshold levels. ? It is believed that chronic low frequency
stimulation with high current intensity (up to or even exceeding 99 mA) may improve
treatment outcome "*>"*, but the very unpleasant feeling or pain resulting from this

stimulation will limit its application.

Selective pudendal nerve stimulation To deliver more potent electrical stimuli than
can be applied by anal or vaginal stimulation, Vodusek et al ” introduced selective
PNS (Table 6). In this method, a concentric needle electrode is inserted into the
periurethral sphincter muscle under auditory and oscilloscopic control, and two teflon-
coated bare-tip needle electrodes are introduced ipsilaterally into the proximity of the
pudendal nerve (at the ischial spine) through the perineum, 2-3 cm apart. Clear
vesicoinhibitory responses could be found, with subsequent increase of micturition
thresholds. Although the author proposed the development of an implantable
stimulator, no further publications arose.

With the development of the Bion™ device (Advanced Bionics, Sylmar, California,

USA) ? new interest in selective PNS may be anticipated.
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Table 5 Publications on penile/clitoral electrostimulation

Author y.0.p. Pts. Type of Indication Treatment scheme Treatment parameters Outcome
study (%)
Intensity Pulses  Freq.
(msec) (Hz)

Nakamura® 1984 22 NRCT (N)NBD/SD ‘continuous’ (portable 5-50 V 0.5 10-20 18c
stimulator)

Vodusek " 1986 10 AUCE NBD/SD Urodynamics before, during  20-37 mA  0.2-0.5 5-10 -
and after stimulation

Wheeler "' 1992 6 AUCE NBD/SD Urodynamics before, during  25-70mA  0.35 5 -
and after stimulation

Wheeler 2 1994 9 NRCT  NBD/VD-SD ‘continuous’ (portable 40 mA 0.25 5 22¢
stimulator)

Previnaire”” 1996 10 AUCE  NBD/SD Urodynamics during 14-40mA 0.5 5 -
stimulation

Previnaire ° 1998 6 NRCT  NBD/SD 20 min./day, 5 days/week, 4 35-99 mA 0.5 5 33i
weeks

Kirkham 7 2001 14 AUCE NBD/SD Urodynamics before and 20-60mA 0.2 15 -

after stimulation

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, AUCE = Acute
Urodynamically Controlled Experiment, NBD = Neurogenic Bladder Dysfunction, NNBD = Non Neurogenic Bladder Dysfunction,
VD = Voiding Disorder, SD = Storage Disorder, n.m. = not mentioned, i = improved, ¢ = cured

Table 6 Publications on selective pudendal stimulation

Author y.o.p. Pts. Type of Indication  Treatment scheme Treatment parameters Outcome
study (%)
Intensity Pulses Freq.
(mA) (msec) (Hz)

Vodudek > 1988 3 AUCE NBD/SD  Stimulation during urodynamics 1-2 0.2 5 -

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, AUCE = Acute Urodynamically Controlled Experiment, NBD =

Neurogenic Bladder Dysfunction, SD = Storage Disorder, i = improved, ¢ = cured

Transcutaneous electrical nerve stimulation (TENS)

Suprapubically In 1980, Fall et al. *’

were the first to report on a study in IC patients
using suprapubical transcutaneous electrical nerve stimulation (TENS) to relief pain

and symptoms of bladder overactivity. Favorable outcome was considered to be due
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to pain relief and thereby the possibility to increase bladder filling and postpone
voiding. However, influence of TENS on the autonomic system might be another
explanation. As clinical results were promising, especially in relieving pain and
decreasing voiding frequency, follow-up studies were performed not only in case of

IC, but also in patients with idiopathic lower urinary tract dysfunction ' (Table 7).

Table 7 Publications on TENS over the suprapubic region

Author y.0.p. Pts. Type of Indication  Treatment scheme Treatment parameters Outcome
Study (%)
Intensity Pulses Freq.
(mA) (msec) (Hz)

Fall *' 1980 9 NRCT NNBD/SD  2x/day 15 min. to 2 hours for 1-6  n.m. 0.2 50 22-100i
months

Fall (1)® 1987 35 NRCT NNBD/SD  2x/day 2 hours for 6 weeks, n.m. 0.2 2-50 37i, 14c
intermittently up to 7 years

Fall (1)% 1994 60 NRCT NNBD/SD  2x/day 30 min. to 2 hours, to n.m. 0.2 2-50 26-54i
intermittently, up to 10 years

Hasan ™ 1996 36 AUCE NNBD/SD  Urodynamic experiment only n.m. 0.2 50 -

Bower % 1998 ?0of79 AUCE NNBD/SD  Urodynamic experiment only n.m. 0.2 150 -

Bower ' 2001 2 NRCT NNBD/SD  2x/day 1 hour for 1 to 5 months n.m. 0.2 150  73i

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, AUCE = Acute
Urodynamically Controlled Experiment, NNBD = Non Neurogenic Bladder Dysfunction, SD = Storage Disorder, n.m. = not

mentioned, i = improved, ¢ = cured, (1) = extension of original patient group

In this form of TENS two carbon-rubber electrodes are positioned suprapubically, 10-
15 cm. apart. Stimulation is given at maximum tolerable intensity up to 2 hours twice
daily as there proves to be a carry-over effect, i.e. a lasting improvement after the
withdrawal of stimulation. Frequencies used highly differ from 2 Hz, considered to
stimulate pudendal nerve afferents to 50 Hz, considered to engage the striated
paraurethral musculature. **® Even 150 Hz has been used, probably having a
mainly sensory effect.

Low frequency TENS is reported to give earlier results in some patients, but the
muscle twitches are highly unpleasant. ® The 150 Hz current may lead to a decrease
of detrusor contractility by influencing the anterior cutaneous branch of the
iliohypogastric nerve (Lumbar | level), or by inhibiting afferents of the pelvic splanchic

nerves that join the inferior hypogastric plexus.
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Compared to placebo there are conflicting publications reporting no significant

changes in urodynamics °

versus significant changes in first desire to void,
maximum cystometric capacity and threshold volume in the suprapubic TENS group.
8 TENS is an easy applicable and non-invasive treatment option, but has to be used

intermittently for long periods of time. 7852

S2 or S3 dermatome As suprapubic TENS proved to be an easy applicable
treatment modality with minimal side effects, and direct electrical stimulation of S3
sacral segmental nerve roots by surgically implanted electrodes showed encouraging

results &

, it was thought that application of TENS over the S2 or S3 dermatome
might improve clinical results. This treatment option has been studied extensively
using clinical as well as urodynamic parameters. S2-3 TENS was compared to no
TENS "% sham TENS (just an apparatus with a flashlight & or TENS on T12
798586 suprapubic TENS "°® TENS on the tibial nerve "°, direct S3 stimulation ”°,

and medical treatment with oxybutynin & (Table 8).

Table 8 Publications on TENS over the S2 and S3 dermatome

Author y.o.p. Pts. Type of Indication Treatment scheme Treatment parameters Outcome
study (%)
Intensity Pulses Freq.
(V) (msec) (Hz)

Adults or age not mentioned:

Webb ® 1992 24 RPCT NNBD/SD 1 week, scheme n.m. n.m. nm.  nm 54i
Hasan % 1994 20 NRCT NNBD/SD 3 weeks, scheme n.m. n.m. 0.2 50 71i, 25¢
Hasan " 1996 59 NRCT NNBD/SD 2 to 4 weeks, scheme n.m. n.m. 0.2 50 37-73i
Bower ¥ 1998 7?0of 79 AUCE NNBD/SD Urodynamic experiment only n.m. 0.2 10 -

Walsh % 1999 25 NRCT NNBD/SD 12 hours/day for 1 week n.m. 0.2 10 56-76i
Soomro ¥ 2001 43 RCT NNBD/SD Up to 6 hours/day for 6 weeks n.m. 0.2 20 2-24i
Children:

Bower ' 2001 15 NRCT NNBD/SD 2x/day 1 hour for 1 to 5 months n.m. n.m. 10 73i
Hoebeke ® 2001 41 NRCT NNBD/SD 2 hours/day, for 1 to 6 months n.m. 0.15 2 76i, 56¢

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, RPCT = Randomized Placebo Controlled Trial, NRCT = Non
Randomized Clinical Trial, AUCE = Acute Urodynamically Controlled Experiment, RCT = Randomized Clinical Trial, NBD =
Neurogenic Bladder Dysfunction, NNBD = Non Neurogenic Bladder Dysfunction, SD = Storage Disorder, n.m. = not

mentioned, i = improved, ¢ = cured
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The aforementioned studies reveal a positive effect on detrusor instability, delaying
the first desire to void and increasing bladder capacity on urodynamics. Some of the
patients with detrusor instability become stable on urodynamics, while in others the
volume at first contraction improves significantly. "#%8># However, for permanent
diminishing incontinence, TENS alone appears insufficient. 8% Compared to
oxybutynin, TENS has less side effects, but treatment outcome is in favor of
medication. 8 As in suprapubic TENS, continuation of treatment for long periods of
time is necessary to prevent recurrence of complaints. 3 And even in case of a
successful outcome, a majority of patients is unwilling to purchase a stimulation

device because of the costs or the fear being lost to medical supervision and follow-

up. &8

Electrical stimulation of the sacral spine and roots

Direct sacral spine stimulation In an attempt to achieve micturition by spinal cord
stimulation, animal experiments were done by Nashold *° and Friedman °', in which
the sacral segments of the conus medullaris were activated directly. It was found that
the region of optimal stimulation is at the level of S1-S3 and that the frequency of
stimulation determines effectiveness. Stimulation with surface electrodes proved to
be of no use, only deep stimulation resulted in high bladder pressures. Unfortunately,
simultaneous external sphincter relaxation could not be obtained. Following these
reports, stimulators were implanted in humans %% (Table 9).

Further animal studies by Jonas et al. %%’

with several types of electrodes did not
result in successful voiding. Although detrusor contractions arose, they were
accompanied by concomitant contractions of the external sphincter, allowing only
minimal voiding at the end of the stimulation, the so-called post stimulus voiding.
Later research *® revealed that at the sacral spinal level the parasympathetic nucleus
is located in the vicinity of the pudendal nucleus, which means that it is almost
impossible to stimulate the bladder and sphincter separately at this location.

Therefore, direct spinal cord stimulation has been abandoned.
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Table 9 Publications on direct spinal cord stimulation

Author y.0.p. Pts. Typeof Indication Stimulator Treatment parameters Outcome
study (%)
Intensity Pulses Freq.
(V) (msec) (Hz)
Grimes * 1974 10 NRCT NBD/VD n.m. 10-15 n.m. 15-20 60i
Grimes (1) #1975 10 NRCT  NBD/D n.m. 10-15 0.2 15-20 60i

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, NBD = Neurogenic
Bladder Dysfunction, VD = Voiding Disorder, n.m. = not mentioned, i = improved, (1) = the same patients as in the publication
of 1974 are described

Sacral anterior root stimulation after dorsal rhizotomy After several experimental
studies in baboons, Brindley first reported in 1982 on the implantation of a sacral

anterior root stimulator in paraplegic patients %

, soon to be followed by the
description of a further 50 cases. '°° The sacral anterior root stimulator consists of an
implantable receiver with stimulation wires and an external transmitter (Finetech Ltd,
Hertfordshire, United Kingdom). The surgical technique has been modified by
Sauerwein, who combined sacral anterior root stimulation with complete posterior
sacral root rhizotomy to abolish all reflex activity of the detrusor. '°" Usually, after
laminectomy from L3-4 to S2, the sacral roots are identified intradurally and
separated in their anterior and posterior parts using a hook electrode. After
transsection of the posterior roots S2 to S4(-5), the remaining anterior roots are
placed in the electrodes and the dura is closed. The receiver is placed in a ventral
subcutaneous pocket. "% The procedure can also be performed extradurally %%
and may have beneficial effects on erectile function and defecation. '® Incomplete
rhizotomy of the posterior roots results in poor bladder compliance, contrary to
patients in which a complete transsection has been performed, making patients with
intact sacral sensibility less suitable for this procedure. '° This need for complete
dorsal rhizotomy was also confirmed in experimental studies in canines. '®'% As
stimulation induces simultaneous contractions of the detrusor muscle and the
external sphincter, micturition occurs by post stimulus voiding as the relaxation time
of the sphincter is shorter than that of the smooth detrusor muscle. Therefore, bursts

of impulses are given to empty the bladder to repeat this phenomenon. Variation in
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stimulation parameters have been studied to reduce the problem of sphincter

contraction. "%’ Nevertheless, sometimes a sphincterotomy is still needed. '%

A lot of research has been done by members of the Dutch Study Group on Sacral

Anterior Root Stimulation 9297199112 (Tgpje 10).

Table 10 Publications on sacral root stimulation after dorsal rhizotomy

Author y.0.p. Pts. Typeof Indication Stimulator Treatment parameters Outcome
Study (%)
Intensity Pulses  Freq.
(mA) (msec)  (Hz)
Brindley ¥ 1982 11 NRCT  NBD/VD-SD Finetech-Brindley <20 0.1 8-30 64
stimulator
Brindley (1) ' 1986 50 NRCT  NBD/VD-SD Finetech-Brindley ~ n.m. n.m. nm. 67
stimulator
Robinson "% 1988 22 NRCT  NBD/VD-SD Finetech-Brindley ~ n.m. n.m. nm. 68
stimulator
Tanagho "* 1989 22 NRCT  NBD/VD-SD n.m. 3-8 0.18-0.2 15-20 45l, 36¢c
Koldewijn ' 1994 27 NRCT  NBD/VD-SD Finetech-Brindley  n.m. n.m. nm. 93
stimulator
Van der Aa "2 1995 17 NRCT  NBD/VD-SD Finetech-Brindley  n.m. n.m. nm. 71
stimulator
Van Kerrebroeck (2) '® 1996 52 NRCT  NBD/VD-SD Finetech-Brindley  n.m. n.m. nm. 91i
stimulator
Van Kerrebroeck (3) '"® 1997 52 NRCT  NBD/VD-SD Finetech-Brindley ~ n.m. n.m. nm. 73-86i
stimulator
Egon ' 1998 96 NRCT  NBD/VD-SD Finetech-Brindley ~ n.m. n.m. nm. 88i
stimulator
Rijkhoff ' 1998 12 AUCE  NBD/VD-SD Finetech-Brindley <6 0.2-07 25 -
stimulator
Van der Aa (4) '™ 1999 38 NRCT NBD/VD-SD Finetech-Brindley  n.m. n.m. n.m. 63-82i

stimulator

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, AUCE = Acute

Urodynamically Controlled Experiment, NBD = Neurogenic Bladder Dysfunction, VD = Voiding Disorder, SD = Storage

Disorder, n.m. = not mentioned, i = improved, ¢ = cured, (1) = follow-up report on publication of 1982, partly the same patients

are described, (2) = follow-up report on publication of Koldewijn, partly the same patients are described, (3) = partly the same

patients as in the publication of 1996 are described, (4) = partly the same patients as in the publication of 1995 are described

Cost-effectiveness and quality-of-life analysis is performed, revealing a financial

break-even point at about 8 years and significant changes in psychological well-being
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and feelings concerning micturition and bladder emptying. General quality-of-life
indicators do not significantly change after the implantation. "'

Sacral anterior root stimulation after dorsal rhizotomy is now a well accepted
treatment option in patients with a complete supra-sacral spinal cord lesion leading to

incontinence, recurrent urinary tract infections or upper urinary tract deterioration.

Sacral root stimulation by implant In 1981, the urological department of the
University of California at San Francisco started a clinical program to evaluate the
results of sacral root electrode implantation in humans, leading to the first
publications on this subject by Tanagho and Schmidt. ''*""® Since then a progressive
amount of reports has been published as the technique gained popularity. The

surgical technique, described in detail by Thon ' | 17

and Siege , consists of
implantation of a wire electrode in one of the sacral foramina, usually S3, which is
then connected to a stimulator device (InterStim®, Medtronic, Minneapolis,
Minnesota, USA) placed in a subcutaneous pocket in the abdomen. This stimulator
device can be controlled radiographically. Because the implantation procedure is

expensive and invasive and clear predictors of success are absent ''®

, surgery is
preceded by Peripheral Nerve Evaluation (PNE) to select patients who might improve
after implantation of a permanent stimulator device. Guided by anatomical landmarks
19 a temporary wire electrode is percutaneously inserted in the sacral foramen and
connected to an external stimulator for a couple of days. ¥ In case of an
improvement in predefined parameters of >50%, implantation of a permanent
stimulator is indicated.

Initially it was thought that sacral neuromodulation mainly was effective on the pelvic
floor muscles by inducing muscle hypertrophy. A change in histochemical properties
120 was supposed to lead to improved pelvic floor efficiency. 2" As neuromodulation
takes place below the threshold for direct motor responses, this theory is not
convincing. Nowadays it is well accepted that effects of sacral root neuromodulation
take place at the spinal and supraspinal level, by inhibition of spinal tract neurons
involved in the micturition reflex, of interneurons involved in spinal segmental reflexes
and of postganglionic neurons. '®? Furthermore, there may be inhibition of the
primary afferent pathway, and indirect suppression of guarding reflexes by turning off
bladder input to internal sphincter sympathetic or external urethral sphincter

interneurons. %" Also in urinary retention, the obtained effects are believed by some
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authors to be the result of changed pelvic floor behavior directly 123124

122,125

, or as part of
retuning of a brainstem ‘on-off’ switch mechanism.
Although several authors have reported on mixed groups of patients with chronic

voiding disorders 126130

most publications concern one of the three main indications
for sacral neuromodulation: UF syndrome, Ul or chronic urinary retention (Table 11).
A decrease of pelvic pain as a symptom accompanying UF or Ul has been reported
by several authors "*"'** but results are disappointing if sacral neuromodulation is
performed solely on pelvic pain as a primary complaint. **'** With expanding
experience also other indications are being explored, like for example sacral

136,137

neuromodulation in multiple sclerosis patients , children " or patients with IC.

133,139

In order to refine the technique and improve treatment results, new stimulation

devices are being developed '

and modifications to the current technique have
been described. To shorten operation time and reduce pain complaints at the
stimulator site, buttock placement of the stimulator was advocated by Scheepens et
al. "' Bilateral stimulation with cuff electrodes as well as a tailored laminectomy have
been described "#'° but because of progressive improvement of the results of
unilateral stimulation treatment outcome during recent years, these techniques never
became very popular as they are also more laborious. For patients with repeatedly
failed PNE-tests, the two-stage procedure has been described by Janknegt et al.
146147 |n this procedure a permanent lead is implanted and connected to an external
stimulator for an evaluation period of 4 days. In case a more than 50% improvement
occurs, a permanent subcutaneous stimulator is implanted. Oliver et al. '*® described
the use of conditional neuromodulation, that is neuromodulation applied only at
moments of an increased level of urge, that might expand battery lifespan. Finally,
minimally invasive techniques are being developed, by which the permanent lead can
be implanted through a very small paramedian incision, fixing the electrode with the
use of bone anchors " or even percutaneously, fixing the lead with the twist-lock ">
or grip-lock system. Percutaneous implantation of the electrodes is especially
desirable in patients with spinal cord injury treated by sacral nerve stimulation as the

localization of the skin incision frequently involves decubitus. ™’
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Table 11 Publications on sacral root stimulation by implant

Author y.0.p. Pts. Typeof Indication Stimulator Treatment parameters Outcome
study (%)
Intensity Pulses Freq.
(V) (msec) (Hz)

Thon % 1991 57 NRCT  NNBD/SD Medtronic stimulator 2-4 0.18-0.21  14-18 75i

Vapnek ' 1991 7 NRCT  NNBD/VD Medtronic stimulator n.m. n.m. nm. 71c

Dijkema ¥ 1993 23 NRCT  NNBD/VD-SD  Medtronic stimulator 0.5-4 0.15-0.21 510  22i,61c

Elabbady ' 1994 17 NRCT  NNBD/VD-SD  Medtronic stimulatorin ~ 1.5-5.5  0.21 10-15. 37-85i
17 of 50 patients

Koldewijn "'® 1994 100 NRCT  (N)NBD/VD-SD Percutaneous evaluation <10 mA 0.20 25 13i, 34c
only, > 3 days

Bosch ' 1995 18 NRCT NNBD/SD Medtronic stimulator in 27104 0.21 10-15 22i, 61c
18 of 31 patients

Bosch ' 1996 6 NRCT NBD/SD Medtronic stimulatorin4 2.8-4.2 0.21 10 25i, 50c
of 6 patients

Janknegt ¢ 1997 10 NRCT  NNBD/VD-SD  Electrode implantation n.m. n.m. nm.  80i
(‘two-stage’)

Ishigooka '®' 1998 4 NRCT  NBD/VD-SD Medtronic stimulator, <10 0.5 10 50i, 25¢
percutaneous implant

Shaker ' 1998 18 NRCT  NNBD/VD-SD  Meditronic stimulator n.m. n.m. nm.  22i,44c

Shaker ' 1998 20 NRCT  NNBD/VD Medtronic stimulator n.m. n.m. n.m.  100i

Weil ' 1998 36 NRCT NNBD/VD-SD  Medtronic stimulator in ~ 0.5-4 0.21 15 53i
36 of 100 patients

Schmidt ' 1999 86 RCT NNBD/SD Medtronic stimulator in n.m. n.m. n.m. 29i, 47¢
86 of 155 patients

Chai ™ 2000 6 NRCT NNBD/SD Percutaneous evaluation n.m. n.m. n.m. 70i
only, 5 days

Weil % 2000 44 RCT NNBD/SD Meditronic stimulatorin > 0.1 0.21 15 75¢
44 of 123 patients

Hassouna " 2000 51 RCT NNBD/SD Medtronic stimulator n.m. n.m. nm.  56-88i

Jonas "% 2001 68 RCT NNBD/VD Medtronic stimulator in n.m. n.m. n.m. 14i, 69¢c
68 of 177 patients

Maher ' 2001 15 NRCT NNBD/SD Percutaneous evaluation <10 0.21 15 73i
only, 7-10 days

Janknegt ¥ 2001 96 NRCT  NNBD/SD Medtronic stimulator n.m. n.m. n.m. 36, 26c

Spinelli "*° 2001 196 NRCT  (N)NBD/VD-SD Medtronic stimulator n.m. n.m. nm. 39-66c

Aboseif ' 2002 64 NRCT  NNBD/VD-SD  Medtronic stimulator n.m. n.m. nm.  80i

Aboseif '*° 2002 20 NRCT  NNBD/VD Medtronic stimulator n.m. n.m. nm.  90i

Hedlund ™ 2002 14 NRCT  NNBD/SD Medtronic stimulator in ~ n.m. n.m. n.m.  36i,57c
14 of 53 patients

Amundsen "' 2002 12 NRCT  NNBD/SD Medtronic stimulator in ~ n.m. n.m. n.m.  83i,17c
12 of 25 patients

Spinelli "*° 2003 22 NRCT  (N)NBD/VD-SD Medtronic stimulatorin ~ n.m. n.m. nm. 5i 91c

22 of 32 patients

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, RCT = Randomized

Clinical Trial, NBD = Neurogenic Bladder Dysfunction, NNBD = Non Neurogenic Bladder Dysfunction, VD = Voiding Disorder,

SD = Storage Disorder, n.m. = not mentioned, i = improved, ¢ = cured
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Electrical stimulation of the lower limb

Electrical stimulation of the thigh muscle In 1986, Wheeler et al. '®?

reported on
urodynamic changes after 4-8 weeks of thigh muscle reconditioning by surface
electrical stimulation. Within a year, Shindo et al. '®® reported on beneficial changes
in bladder function allowing effective ‘dry’ periods in patients treated with thigh
muscle stimulation for severe lower limb spasticity (Table 12). More recently, thigh

muscle stimulation was studied with the sole purpose to treat detrusor overactivity.
164

Table 12 Publications on thigh muscle stimulation

Author y.0.p. Pts. Typeof Indication Treatment scheme Treatment parameters Outcome
study (%)
Intensity Pulses  Freq.
(mA) (msec) (Hz)
Shindo ' 1987 32 NRCT  NBD/SD 9-35 min. a day, 6 weeks  n.m. 0.2 30-40  50i
Okada ™™ 1998 19 NRCT  (N)NBD/SD 20 min. a day, 2 weeks n.m. 0.2 30 32i

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, NBD = Neurogenic
Bladder Dysfunction, NNBD = Non Neurogenic Bladder Dysfunction, SD = Storage Disorder, n.m. = not mentioned, i =

improved, ¢ = cured

The mechanism by which stimulation of the thigh muscles inhibits detrusor
overactivity is unclear. Most probably a reflex-mediated central inhibition of the
bladder occurs, which normally prevents urine leakage during physical exertion. "%
Manipulation of peripheral input to spinal motor neurons may increase segmental

1% relieving not only spasticity of limbs in patients with spinal cord

inhibitory tone
injuries, but also regulating micturition reflexes in patients with an overactive bladder.
164 A satisfactory neurophysiological explanation for the carry-over effect could not be
given. It is, however, suggested that prolonged electrical stimulation may lead to
some reorganization of the neuronal systems controlling the bladder, either
peripherally or centrally, and as a result of this plastic change normal reflex patterns

may restore. 1°%167
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The treatment is not associated with known adverse effects. If symptoms recur,
repeated stimulation again may be effective. '® Nevertheless, thigh muscle

stimulation in the treatment of detrusor overactivity is not commonly performed.

Electrical stimulation of the tibial nerve During experimental studies in non-human
primates with spinal cord injury to improve bipolar anal sphincter stimulation,
McGuire et al found inhibition of detrusor activity equally achieved by applying a
positive current to the anal sphincter, with a negative electrode placed over the
posterior tibial nerve. Similar results were obtained by applying current via a
transcutaneous positive stick-on electrocardiograph type electrode with a foam
backing placed over the common peroneal or posterior tibial nerve and a ground
electrode placed over the same nerves contra laterally. The idea of stimulating these
nerves was based on the traditional Chinese practice using acupuncture points over
the common peroneal or posterior tibial nerves to inhibit bladder activity. '
Transcutaneous posterior tibial nerve stimulation was then evaluated in clinical trials
with variable results '®'7° (Table 13).

Nonetheless, PTNS (Urgent PC™, CystoMedix, Anoka, Minnesota, USA) was FDA
approved in 2000. A 34-gauge stainless steel needle is to be inserted approximately
5 cm cephalad from the medial malleolus and just posterior to the margin of the tibia.
A stick-on electrode is placed on the medial surface of the calcaneus. '"'"? Recent
reports describe the results after an initial treatment period of 10-12 weeks (Table
5.2). In case of a good response patients are offered tapered chronic treatment. As in
sacral root neuromodulation, PTNS seems less effective in treating chronic pelvic
pain. '

More substantial data, especially on objective parameters and long-term follow-up,
are needed, just like studies on the underlying neurophysiological mechanisms of this
treatment modality. One possibility might be the reduction of spinal neuronal cell
activity, as suggested by Chang et al. '"* Bladder instillation of 1% acetic acid in rats
induces expression of the metabolic marker c-fos protein in the spinal micturition
center, while PTNS reduces this expression.

Although PTNS is minimally invasive, easily applicable and well tolerated, the main
disadvantage seems to be the necessity to pertain chronic treatment. The
development of an implantable subcutaneous stimulation device might enlighten this

problem.
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Table 13 Publications on tibial nerve stimulation

Author y.0.p. Pts. Typeof Indication Treatment scheme Treatment parameters Outcome
study (%)
Intensity ~ Pulses  Freq.
(mA) (msec) (Hz)
Transcutaneous:
McGuire "% 1983 22 NRCT  (N)NBD/SD n.m. n.m. n.m. n.m. 32, 55¢c
Geirsson ' 1993 8 RCT NNBD/SD 30 min./day, 4 weeks n.m. 0.2 1 25i
Hasan "° 1996 36  AUCE  NNBD/SD Stimulation during n.m. 0.2 50 -

urodynamics

Percutaneous:

Stoller '™ 1999 90 NRCT  NNBD/SD 10 times 20-30 min., <10 0.2 20 81i
once a week

Govier '"® 1999 nm. NRCT NNBD/SD 12 times 30 min., <10 0.2 20 80i
once a week

Klingler ' 2000 15 NRCT  NNBD/SD 12 times 30 min., <10 0.2 20 20i, 47¢
4 times a week

Govier "2 2001 53 NRCT  NNBD/SD 12 times 30 min., <10 0.2 20 71
once a week

Vandoninck 7 2001 8 AUCE  (N)NBD/SD Stimulation during <10 0.2 20 -
urodynamics

Van Balken 7® 2001 49 NRCT  NNBD/VD-SD 12 times 30 min., <10 0.2 20 60i
once a week

Vandoninck ""° 2003 35 NRCT  NNBD/SD 12 times 30 min., <10 0.2 20 70i, 46¢
once a week

Y.o.p. = year of publication, Pts. = Patients, Freq. = Frequency, NRCT = Non Randomized Clinical Trial, RCT = Randomized
Clinical Trial, AUCE = Acute Urodynamically Controlled Experiment, NBD = Neurogenic Bladder Dysfunction, NNBD = Non
Neurogenic Bladder Dysfunction, VD = Voiding Disorder, SD = Storage Disorder, n.m. = not mentioned, | = improved, ¢ = cured

Conclusions

The use of electrical neurostimulation and neuromodulation to treat patients with
lower urinary tract dysfunction has been widely investigated. Nevertheless, in many
reports important information is missing and good randomized placebo controlled

studies have seldom been performed '8%'®!

, even concerning invasive techniques
that make use of implantable electrodes and stimulators. Besides this, there are
many other problems making it very difficult to judge the different treatment

modalities on their true merits.
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First of all, there is considerable variety in the treatment parameters and schedules
reported, hampering comparison of both studies concerning different and identical
techniques. For example, pulse intensity, reported in mA as well as in V, is more or
less uniformly set at a well tolerable level, but frequency, known to be optimal at
unpleasantly low levels (5-6 Hz) '®°, varies from 5-20 Hz and even frequencies up to
150 Hz are reported. The same goes for pulse duration, usually varying from 0.2-0.5
msec, but in some studies set at more than 1 msec. Furthermore, the treatment
schedules are highly different, where they vary from continuous stimulation to
treatment once daily or once or several times a week, for the duration of mostly some
weeks or months.

Secondly, criteria for success differ widely. Cure is sometimes defined as complete
disappearance of a predefined parameter, but also as over 90% improvement.
Success differs from subjective satisfaction to statistical significant changes of more
objective parameters. These outcome measures are rarely uniformly set, consisting
of various urodynamic parameters and parameters obtained from micturition diaries
and/or questionnaires. Long-term data on the clinical outcome are usually lacking.
Finally, patients included in these studies have different characteristics, especially
concerning the definition and duration of their symptoms and the various treatments
applied before. This not only makes it difficult to compare different trials, but also
hampers the determination of prognostic factors that might improve treatment
outcome.

However, in general one might say that electrical neurostimulation and
neuromodulation on an intention-to-treat basis result in a 30 to 50% clinical success.
Influencing lower urinary tract innervation at the level of the sacral root seems to
stand the test of time in both neurological and non-neurological patients. It has the
advantage of pre-testing possibilities to improve patient selection and thereby
treatment outcome, but it has the drawback of invasiveness. Non-invasive techniques
lack screening tests and in case of success patients almost always need
maintenance therapy.

In conclusion, not only randomized clinical trials to compare different techniques and
to evaluate placebo effects overcoming the earlier mentioned methodological flaws
are urgently needed, but also further studies to elucidate the mode of action to
improve stimulation application and therapy results. The introduction of new

stimulation methods may not only provide alternative treatment options, but may also
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be of help in answering these more basic questions on electrical neurostimulation

and neuromodulation.
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Abstract

Objective Recently, intermittent percutaneous posterior tibial nerve stimulation was
introduced as a treatment modality filling the gap between conservative and surgical
therapies in patients with certain types of lower urinary tract dysfunction.

Patients and methods In a prospective multicenter trial posterior tibial nerve
stimulation was evaluated in 37 patients who presented with symptoms of bladder
overactivity, that is the urgency and frequency syndrome and/or urge incontinence,
and 12 with non-obstructive urinary retention. Results were recorded in voiding
diaries and on quality of life questionnaires before and after treatment. Patients were
classified in responders, including those in whom therapy was successful and chose
to continue treatment after the initial 12 weeks, and non-responders, those who
chose to stop treatment.

Results Overall, a positive response was seen in 60% of all patients. In patients with
bladder overactivity a statistically significant decrease was observed in leakage
episodes, number of pads used, voiding frequency and nocturia, and an equal
increase in mean and smallest volume voided. Improvements were also seen in non-
obstructive urinary retention,