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Abstract: Neuromodulation is recommended by major international guidelines as a
fourth-line treatment in bladder pain syndrome/interstitial cystitis (BPS/IC) patients
after failure of behavioural, oral and intravesical pharmacological treatments, including
hydrodistension. A non-systematic review of studies identified by electronic search of
MEDLINE was performed with no time limitation. A narrative synthesis of the existing
evidence regarding the results of sacral, tibial and pudendal nerve stimulation in the
management of BPS/IC was developed. Neuromodulation in pelvic chronic pain disorders,
including BPS/IC, is a useful tool for refractory patients to conventional treatments.
Sacral neuromodulation may be effective in patients with BPS without Hunner’'s lesions,
and the effect seems to be maintained in the mid- and long-term. Posterior tibial nerve
stimulation can be offered to patients with BPS/IC in the context of a multidisciplinary
approach. When pudendal neuralgia is suspected, selective pudendal nerve stimulation
has a high response rate. The aetiology of the pain can influence the outcomes in the
mid- and long-term of the different neuromodulation approaches, thus careful diagnosis

is recommended.
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Introduction

As defined by the International Continence Society
(ICS), chronic pelvic pain is characterized by
persistent pain lasting longer than 6months or
recurrent episodes of abdominal/pelvic pain, hyper-
sensitivity or discomfort often associated with elim-
ination changes, and sexual dysfunction often in
the absence of organic aetiology.! It potentially
includes urologic, gynaecologic, gastrointestinal,
musculoskeletal, neurologic and rheumatologic
aetiology, with psychosocial aspects.!>2 Phenotyping
or describing the condition by its symptoms, signs
and, where possible, by investigations, has been
demonstrated to have clinical and research validity,
but it should only be used if there is adequate evi-
dence to support its use.?

Following the latest edition of the European
Association of Urology (EAU) Guidelines on Chronic

Pelvic Pain, primary bladder pain syndrome
(PBPS) is the occurrence of persistent or recur-
rent pain perceived in the urinary bladder region,
accompanied by at least one other symptom, such
as pain worsening with bladder filling and day-
time or night-time urinary frequency.?> Similarly,
the ICS defines bladder pain syndrome (BPS) as
a persistent or recurrent chronic pelvic pain, pres-
sure or discomfort perceived to be related to the
urinary bladder accompanied by at least one other
urinary symptom, such as an urgent need to void
or urinary frequency.!

Recent clinical guidelines for BPS/IC of the
Japanese Urological Association distinguish
between Hunner-type interstitial cystitis (IC)
and BPS without macroscopic urothelial dam-
age and absence of inflammatory changes.*
Histopathological differences are the background
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of this division, with immunological inflamma-
tory reaction and epithelial denudation in the
first, and functional defects of urothelial barrier,
neurogenic inflammation, neural hyperactivity or
extra-bladder disorders in the latter.> However,
current treatment trends are focused on both dis-
orders in the correction of the dysfunctional
epithelial barrier, mast cell activation and neuro-
genic inflammation. Conservative treatment
including dietary control, medical treatment
with oral medication and intravesical instilla-
tions/injections and surgical treatment with
hydrodistension, fulguration, wurinary diver-
sion * cystectomy or neurostimulation are the
mainstay of their management.>* Other new
therapeutic approaches are being studied like the
intravesical injection of platelet-rich plasma for
the reparation of urothelial defects and regenera-
tion of the epithelium in patients with BPS/IC.¢

The effect of neuromodulation on pain disor-
ders is usually explained by the gate theory pro-
posed by Melzack and Wall.” They suggested
that pain perceived to have a visceral origin,
which stimulates primary afferent fibres and
travels to the brain via transmission cells, could
be blocked by converging impulses arising from
a somatic origin (by non-nociceptive fibres at
the same dermatome) that activate inhibitory
interneurons located in the dorsal horn of the
spinal cord. Impulses from the dorsal horn are
controlled by a descending system containing
fibres from the brainstem, thalamus, and limbic
lobes, and thereby, neuromodulation controls
the pain sensations at the spinal segmental gate
and modulates pain sensation at higher brain
centres.8

Although the role of different neuromodulation
techniques is more robust in overactive bladder
and faecal incontinence, it is still limited for
pain.? Therefore, we aimed to summarize the evi-
dence available in the literature supporting the
utilization of the most used neuromodulation
procedures and devices in the urological and
urogynaecological field for the management of
BPS and other chronic pelvic pain disorders with
urological involvement.

Methods
In July 2021, a non-systematic review was per-
formed according to the items of SANRA,® a

scale specifically designed for the quality assess-
ment of narrative review articles.

The studies and reviews were identified by
electronic search of MEDLINE with no time
limitation. The search strategy included [(neuro-
modulation) OR (modulation) OR (stimulation)]
AND [(sacral) OR (pudendal) OR (tibial)] AND
[(pain) OR (cystitis)]. We considered randomized
controlled trials (RCTs), comparative non-RCTs
and single-arm cohort studies, and narrative and
systematic reviews. No limitation in the number
of patients in case series was set. We additionally
searched the reference list of all included studies
and any relevant review articles. Non-English
texts were excluded.

A narrative synthesis of the existing evidence
regarding the results of sacral, tibial and pudendal
nerve stimulation in the management of BPS/IC
was developed.

Sacral nerve stimulation

Sacral nerve stimulation (SNS) or sacral neuro-
modulation was developed during the 70s by
Thanago and Smith, who observed in animal
models how electrical stimulation of S3 was able
to modulate detrusor—sphincter activity, thus
regulating micturition cycle (Figure 1). They
performed the first implant in humans in 1981,
and after some technical improvements, the US
Food and Drug Administration approved in
1997 SNS for the treatment of urge urinary
incontinence.

SNS hypothetically balances excitatory and inhib-
itory impulses from and to the pelvic organs at
sacral and suprasacral centres through the stimu-
lation of afferent nerves in the pelvis. The electric
pulses are supposed to modulate not only the spi-
nal cord reflexes but also brain networks.!?
Despite no high-level evidence, SNS is recom-
mended by major international guidelines as a
fourth-line treatment in BPS/IC patients after
failure of behavioural, oral and intravesical phar-
macological treatments, including hydrodisten-
sion. Last update of American Urological
Association (AUA) Guideline on BPS/IC man-
agement proposed an SNS trial before consider-
ing oral cyclosporine or major surgeries
(cystoplasty or urinary diversion with or without
cystectomy).!! In the same line, the latest version

journals.sagepub.com/home/tau


https://journals.sagepub.com/home/tau

B Padilla-Fernandez, D Hernandez-Hernandez et al.

of the EAU Guidelines on Chronic Pelvic Pain
(2022 Edition) also recommends SNS before
considering more invasive surgeries.3

First evidences of SNS effectiveness in BPS/IC
were reported in 1999 by Shaker and Hassouna.1?
They observed in patients implanted by urgency/
frequency syndrome but also affected by pelvic
pain, how neuromodulation was effective in
reducing both kind of symptoms. However, 1year
after this publication, Chai ez al.!3 reported their
results with percutaneous S3 stimulation in six
patients with clinical symptoms (increased void-
ing frequency, urgency and pain) and cystoscopic
findings (glomerulations) suggestive of IC, who
have failed previous oral and intravesical thera-
pies. Subjective symptoms, such as pain and
urgency, improved significantly but also objective
parameters analysed (voiding frequency, urinary
heparin-binding epidermal growth factor and uri-
nary antiproliferative factor activity) tended to
normalize.

Peters et al.'* compared the results of SNS fol-
lowing the traditional procedure [percutaneous
nerve evaluation (PNE) with a monopolar lead
followed by open surgical implant of the perma-
nent quadripolar lead] with the staged procedure
(implanting the permanent quadripolar lead in
the first stage). Both techniques of SNS improved
urinary symptoms, pain and quality of life, but a
positive response to test phase followed by
implant was much more frequently observed in
the staged technique (94% test to implant rate
versus 52% for the traditional PNE). Other varia-
bles of efficacy in symptoms reduction of refrac-
tory BPS/IC patients, such as narcotics
requirement reduction, have also been demon-
strated with SNS.15

A non-systematic review of articles between 1990
and 2010 was conducted by Marcelissen ez al.,!°
identifying 11 articles reporting results of SNS in
refractory BPS/IC, and two additional publica-
tions reporting its effects in patients with intracta-
ble non-specific pelvic or urogenital pain. All
studies yielded positive results of SNS, but the
authors raised some concerns. Most studies were
retrospective, evaluated a limited number of
patients or had a limited follow-up. Therefore,
clear diagnostic criteria were also lacking in some
cases, making comparisons between studies diffi-
cult. They concluded than although preliminary

Figure 1. Electrode and implantable pulse generator positioning in SNS.

results seem to be promising, larger prospective
trials and longer follow-up studies were still
required to clearly establish the efficacy of this
minimally invasive therapy.

A systematic review by Wang J was conducted in
2017, with more than 500 patients included in
one RCT, eight prospective cohort series and
eight retrospective case series. Follow-up ranged
from O (test) to 86 months. Their analysis showed
marked improvements in pain [with a mean
reduction in visual analogue scale (VAS) of
3.99 points], objective variables (such as day-time
frequency, nocturia, 24-h micturitions and aver-
age voided volume) and also subjective variables
[urgency and specific BPS/IC symptoms evalu-
ated through Interstitial Cystitis Symptom Index
(ICSI)—Interstitial Cystitis Problem Index (ICPI)
questionnaires].!?

Recently, we published our long-term data on
SNS for patients with BPS/IC refractory to third-
line therapies, with a mean follow-up of 96 (range:
12-204) months. We observed than 6 out of 10
patients benefit from SNS in the mid- and long-
term, with no serious complications except for a
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lead rupture during the test phase requiring open
surgery for extraction. Reintervention rate was
high (75%), but most surgeries were indicated for
battery replacement. !0

Limitations of the studies

Some authors and societies advocate for BPS/IC
categorization based on initial endoscopic and
histologic classification, differentiating between
patients with and without Hunner lesions.* In
patients with Hunner lesions, bladder-directed
therapies such as steroid injection, Hunner
lesions resection or coagulation, intravesical
instillation or oral cyclosporine must be
favoured. However, patients with non-Hunner
BPS might be better approached with neuro-
modulation and a multidisciplinary team man-
agement (including pain specialists, psychosocial
therapists, etc.) to obtain the best results.!8
However, most studies have a mixed profile of
patients and lack of homogeneous definitions of
BPS/IC, making it difficult to contrast the
results between them.!°

Another handicap in the comparison between
studies is the different tests selected by the
authors for the definition of outcomes and the
heterogeneity in the threshold of symptomatic
improvement to indicate pulse generator implan-
tation.!® Furthermore, subacute stimulation can
be both performed with PNE and quadripolar
tined lead, although it is usually specified in
most papers.!°

Implications for research

It has to be determined if phenotypical classifi-
cation of IC/BPS is useful for predicting the
success of SNS in these patients. A possible
response can be the decrease in neuroinflam-
matory urine markers, such as nerve growth
factor, P-substance or adenosine triphosphate
(ATDP).

Posterior tibial nerve stimulation

Posterior tibial nerve stimulation (PTNS) is a
technique derived from traditional Chinese
medicine, which consists of electrically stimu-
lating a point along the path of the common
peroneal or posterior tibial nerve to modulate
bladder activity. The posterior tibial nerve is a

mixed nerve (contains sensory and motor
fibres) from the L.5-S3 roots (the same spinal
segments from which the parasympathetic
innervation of the bladder originates). In this
way, it allows an entry pathway to the sacral
plexus (posterior tibial approach) in a simple
and safe way to electrically modulate voiding
reflexes (Figures 2 and 3).

Although PTNS has mainly been used for overac-
tive bladder treatment, some studies have
reported its efficacy in different types of pelvic
pain. Table 1 summarizes the case series of PTNS
in pelvic pain disorders.19-24

McGuire and his group!® published the first
report of PTNS including patients with neuro-
genic and non-neurogenic overactive bladder, IC
(five patients) and radiation cystitis. Four out of
five patients in the BPS/IC group showed
improvements according to authors, but no spe-
cific variables are described in this article except
for the reduction on wurinary frequency and
improved bladder discomfort.

Van Balken ez al. reported in 2003 the results of
a prospective multicentre trial including 22 men
and 11 women with chronic pelvic pain of dif-
ferent origins. They evaluated the VAS for pain,
McGill questionnaire for pain and SF-36 ques-
tionnaire for the assessment of quality of life.
After 12weeks of treatment, a subjective
response (patient’s request to continue treat-
ment) was observed in 42%, with 21% of
patients reporting VAS reductions of >50% and
18% reporting reductions of>25%. In all
patients, an improvement in both quality of life
and the total pain rate intensity (McGill ques-
tionnaire) was noted.?® Although their results
are moderately good, authors state in their con-
clusions that a significant placebo effect cannot
be ruled out.

Kabay ez al. compared PTNS wversus sham treat-
ment in a RCT with 89 male patients affected
by chronic pelvic pain (referred to the bladder,
groyne, perineum, genitals and lower abdo-
men). Using the VAS of pain and the National
Institutes of Health Chronic Prostatitis
Symptom Index (NIH-CPSI), they reported
statistically significant improvements after
12 weeks of treatment in pain (40%) and symp-
toms score (66.6%).22
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Specifically in BPS/IC population, PTNS has
shown conflicting results in the few studies avail-
able. Ragab ez al. published a prospective case
series in 20 women diagnosed with BPS/IC
according to the Narional Institute of Diabetes and
Kidney Diseases (NIDDK) criteria. Patients
underwent 12 weekly sessions of percutaneous
tibial nerve stimulation for 30 min, being evalu-
ated through VAS for pain, O’Leary-Sant ICSI,
O’Leary-Sant ICPI and global response assess-
ment (GRA) score. At the end of the study, only
two patients (10%) reported slight-moderate
symptoms improvement. No significant changes
were observed in VAS, ICSI/ICPI scores and
GRA (p>0.5).23

Conversely, a pilot study conducted more
recently by Sudol ez al. including 16 patients of
whom 10 completed the protocol, showed posi-
tive results. All patients met SUFU criteria for
BPS/IC and received PTNS sessions for 30 min
once a week for 12 weeks. Primary outcome was
change in a GRA scale and secondary outcomes
included VAS for pain and ICSI/ICPI scores for
symptom bother. Response rate according to
GRA at the end of the study was as follows: two
patients slightly worse, two patients without
change, four patients slightly improved, two
patients moderately improved and one patient
markedly improved. Six subjects reported
improvement in VAS and there were also non-
statistically significant reductions in ICSI/ICPI
scores. The authors concluded than although no
statistically robust improvements were observed,
PTNS had favourable clinical results. This,
together with the very few adverse events
reported, supports the use of PTNS as an off-
label option for BPS/IC patients.24

Some authors have evaluated PTNS in combi-
nation with other BPS/IC therapies, with good
results. Baykal ez al.?> evaluated PTNS in com-
bination with intravesical heparin in 12 patients
with a longer follow-up (mean 13 months), with
improvements in pain scores, cystometric
capacity and voiding frequency sustained dur-
ing the study period. Their positive results sug-
gest that the combination of PTNS with other
BPS/IC therapies is an option that must be
explored in further studies. According to their
modest results, and specially taking into
account that it is a procedure with nearly no
side effects, PTNS should be considered as an

Figure 2. Simulation of the entry pathway to the sacral plexus of the tibial
nerve stimulation.

Figure 3. Afferent pulses of the posterior tibial nerve (green) entering the
S3 root, and efferent pulses (rose) modulating bladder function.
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Table 1. Case series reporting outcomes of PTNS in pelvic pain disorders.
Study Type N Women/ Meanage Diagnosis Mean variables Success Follow-up
men (years) rate (%) (weeks)
McGuire et al.V? R 5 - - IC Subjective 80 -
improvement
Van Balken et al.20 P & 11/22 51 Pelvic pain VAS, McGill pain 42 12
questionnaire,
SF-36
Kim et al.”! P 15 10/5 60 Pelvic pain VAS, GRA, IPSS 30-60 12
Kabay et al.22 P 45 0/45 37 Pelvic pain NIH-CPSI, VAS 40-66 12
Ragab et al.® P 20 20/0 41 IC (NIDDK VAS, ICSI/ICPI, 10 12
criteria) GRA
Sudol et al.# P 16 16/0 49 IC/BPS (SUFU  GRA, VAS, ICSI/ 30-70 12
criteria) ICPI, PUF

GRA, Global Response Assessment scale; IC, interstitial cystitis; IC/BPS, interstitial cystitis/bladder pain syndrome; ICSI/ICPI, O’Leary-Sant
Interstitial Cystitis Symptom and Problem Index Questionnaire; IPSS, International Prostate Symptoms Score; NIH-CPSI, National Institutes of
Health Chronic Prostatitis Symptom Index; P, prospective; PUF, Pelvic Pain and Urgency/Frequency Patient Symptom Scale; R, retrospective;
SF-36, 36-Item Short Form Health Survey questionnaire; VAS, Visual Analogue Scale for pain.

off-label treatment for BPS/IC patients, proba-
bly with better results in the setting of a multi-
modal approach.

Limitations of the studies and implications for
research

Small patient populations, retrospective studies
mostly without control arms, lack of homogeneity
and patient stratification, and no consensus in
which the tools are to evaluate the effectiveness of
PTNS are the main limitations of the evidence in
this area. RCTs with clear and restricted inclu-
sion criteria are missing to dilucidate if PTNS is
clinically effective for the different phenotypes of
chronic pelvic pain patients. This is a knowledge
gap that must be overcome to be able to propose
PTNS with a high degree of recommendation.
However, and although evidence is very limited,
we think that PTNS can be offered to chronic
pelvic pain patients ideally in the setting of a mul-
timodal approach, as it has virtually no side effects
and at least follows the Hippocratic principle of
‘“first, do not harm’.

Pudendal nerve stimulation
The pudendal nerve originates from the second
through the fourth sacral nerves in the sacral

plexus. It exits the pelvis through the greater
sciatic foramen, crosses over the ischial spine
and then re-enters the pelvis through the lesser
sciatic foramen.?¢ The pudendal nerve provides
motor innervation to the anal sphincters and the
urethral sphincter, and the sensory distribution
course is generally via the three terminal
branches:26:27

e The inferior rectal branch supplies the
skin around the anus and communicates
with the perineal branch of the posterior
femoral cutaneous nerve and its terminal
branch, the posterior scrotal (labia majora)
nerve;

e The perineal branch has two superficial
sensory branches, the medial and lateral
posterior scrotal (labial) nerves;

e The dorsal nerve of the penis/clitoris runs
along the dorsal face of the penis/clitoris,
supplying the overlying skin.

This division is important when evaluating
patients with possible pudendal neuralgia, who
could present with pain in the distribution of
some or all branches. The pudendal nerve may be
damaged at the level of the piriformis muscle, the
sacrospinal/ sacrotuberous ligaments, within
Alcock’s canal or even at multiple levels.?
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Pudendal nerve stimulation has been long used
for the treatment of idiopathic overactive blad-
der2® (and also for neurogenic detrusor overac-
tivity)?° and pudendal neuralgia. Although
most case series report the results with the per-
cutaneous implantation of tined leads, there are
also descriptions of open and laparoscopic lead
placement,3%31 and with implantable devices.3?
Little evidence supports the management of
BPS/IC with pudendal-only neuromodulation;
thus, a review of chronic pelvic-perineal pain
syndromes was undergone.

In 1989, Schimdt explained the posterior approach
for PNE and block.33 In his original report, the
patient is placed in the prone position with slight
flexion of the hips, and the position of the ischial
spine is identified topographically using the ischial
tuberosities, greater trochanter and lower edge of
the ischial-tuberous ligament. Reitz ez al.3*
described later another posterior approach to the
pudendal nerve from a dorsal and tangential direc-
tion in cadaveric models. They located the site of
insertion of the needle by drawing a horizontal line
starting from the great trochanter and a vertical
one starting from the extremity of the ischiatic
tuberosity. The intersection of the two lines
matches below the ischiatic spine, under which
runs the ischiatic nerve.

A perineal approach for the insertion of the tined
lead in neuro-urological patients has also been
described by Spinelli ez al.,?° which begins with
the insertion of the needle perpendicularly above
the ischial tuberosity, and then tilted medially
and dorsally towards the recto-ischial fossa until
it reaches the Alcock’s canal below and behind
the ischial spine. They also recommend neuro-
physiology guidance with the measurement of
pudendal nerve terminal motor latency. To avoid
bowel or vagina puncture during needle insertion,
the surgeon’s finger is placed into the rectum or
the vagina, and this step was emphasized by Bock
in his description of the technique for patients
with faecal incontinence.?>

Heinze eral3® defined a new percutaneous
approach with fluoroscopic and neurophysiological

guidance. They defined the STAR triangle by
marking the middle of the acetabulum (A), the cen-
tre of the ischial tuberosity (T), the ischial spine (S)
and the anal rim (R). The centre of this STAR tri-
angle serves as the starting point for puncture, and
the trunk of the pudendal nerve meets the apical
corner of the triangle.

A group of urologists of the Renji Hospital and
the Shanghai Jiao Tong University School of
Medicine has also reported the practicability of
printing a 3D template for needle insertion with
previous anatomical study with computed
tomography scan for the sacral bone and mag-
netic resonance imaging for nerves and blood
vessels.?7

Possover described in 2004 the feasibility of lapa-
roscopic pelvic autonomous and somatic nerve
exposure and evaluation.38 However, 3 years later,
he leaded the report of the Laparoscopic
Implantation Of Neuroprosthesis (LION) proce-
dure3 for patients with pelvic intractable
neuralgia using the On-Point™ peripheral nerve-
stimulating electrode and the Interstim™ perma-
nent neurostimulation system (Medtronic Inc.,
Minneapolis, MN, USA).

In 2019, the endoscopic transgluteal minimal
invasive technique (ENTRAMI) for implanta-
tion of a pudendal electrode was described in
cadaveric models,3° and clinical effectiveness in
patients with chronic perineal pain in the
pudendal or cluneal nerve area was demon-
strated in 15 patients after nerve release.*? In
another pilot study, 16 patients underwent both
nerve release and implantation of a PNE lead
through a posterior approach with full visual
control.4!

Recently, the group by Hoang Roberts er al.3?
reported the effectiveness of Stimwave® Freedom
Stimulators™ (Stimwave, Pompano Beach, FL,
USA) in the management of pudendal neuralgia.

Table 2 summarizes the reports of different case
series focused on chronic pudendal nerve stimu-
lation in pelvic pain disorders.30-32,36,37,42-45
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In the study by Peters ez al.,** 42 patients with
BPS/IC were included. Compared with non-BPS/
IC patients, those reported more severe symp-
toms at baseline, 3- and 6-months checkpoints,
and even at 12 months, mean scores were return-
ing to baseline values. Heinze er al.3® reported on
the application of a new percutaneous implanta-
tion technique in patients with chronic pelvic
pain disorders (as mentioned before), including
patients with BPS/IC and pudendal neuralgia;
however, they only described the results after
1 month of stimulation and no reference to differ-
ences between groups according to the initial
diagnosis was made. Thus, there is not enough
evidence to assure that patients with BPS/IC have
a worse response to chronic pudendal nerve stim-
ulation, but a careful selection of the patients is
advisable.

Limitations of the studies

Again, the evidence favouring the use of chronic
pudendal nerve stimulation in pelvi-perineal pain
syndromes is limited by the paucity of RCTs or
well-designed case—control studies.

Implications for research
Clearly defined outcomes are essential to make
comparisons between studies and approaches.

Other neuromodulation routes

With the development of new techniques of neu-
romodulation, case series reporting the outcomes
with diverse methods have been published. Spinal
cord stimulation of the conus medullaris can be
attempted in patients with refractory pudendal
neuralgia.*¢ Motor cortex stimulation in refrac-
tory pelvic and perineal pain has been described
by a multidisciplinary group in Nantes,*” indi-
cated when other treatments, including pudendal
nerve release and spinal cord stimulation, have
failed. Moreover, dorsal root ganglion stimula-
tion has been offered to patients with refractory
chronic pelvic pain.48

Other outpatient treatments such as pudendal
electroacupuncture have been explored to treat
perineal and urethral pain with good results in
selected patients.49:50

Conclusion
Clinical studies exploring the outcomes of neuro-
modulation in chronic pelvic pain disorders

including BPS/IC show that it is a useful tool for
refractory patients to conventional treatments.
The evidence is limited by study’s design and the
lack of target-population definition in most inves-
tigations. The aetiology of the pain can influence
the outcomes in the mid- and long-term of the
different neuromodulation approaches, thus care-
ful diagnosis is recommended.
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