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ABSTRACT
Objective: To review the evidence surrounding Sacral Neuromodulation therapy and delineate areas
that will need more research. Methods: An extensive search was performed on the available literature on SNM for lower urinary tract dysfunction.
Based on the results of the search, the mechanisms
of action, indications, technique, and patient characteristics of therapy failures and success are presented and discussed. Results: SNM is accepted by
the FDA since 1997 for the treatment of lower urinary tract dysfunction. As it is a relatively new
procedure, there are variations in the technique of
lead placement, generator choice, testing interval,
patient selection, time to explantation, and definitions of therapy failures and successes. Conclusions:
SNM is a safe and therapeutic option for the treatment of urgency-frequency syndrome, urge incontinence, and idiopathic urinary retention. However,
there are multiple unanswered questions that require extensive research.
Keywords: Sacral Neuromodulation; SNM; Peripheral
Nerve Evaluation; PNE; InterStim; Tined Lead
Electrode; Implantable Pulse Generator; Lower Urinary
Tract Dysfunction; Explantation; Urgency Frequency
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1. INTRODUCTION
Sacral neuromodulation (SNM) received approval from
the US Food and Drug Administration in 1997 for the
treatment of urgency-frequency syndrome, refractory
urge incontinence, and idiopathic urinary retention. It has
become a valuable therapeutic option for patients that
have failed anticholinergic therapy, behavioral modificaOPEN ACCESS

tions and pelvic floor rehabilitation. Several studies reported positive responses with SNM treatment in refractory lower urinary tract issues. However, there are also
reports of treatment failures and explants. Not much is
known at this time regarding the predictors of success or
failure with SNM. There is limited literature that indicates higher failure in neurogenic voiding dysfunction,
older populations and those with longer duration of
symptoms. Several trials have evaluated InterStim Therapy and have provided the data from which surgeons
decide optimal treatment protocols for their patients.
However, there are many unanswered questions. It is not
clear what is the most efficient and cost effective approach to select patients for SNM. Staged approach
seems to be superior with close to 80% success of implanting a generator, however data is limited by small
numbers. The optimum length of test phase is yet to be
determined. Length of time is balanced by potential for
infection at the leads. It is also not clear how long the
device will stay effective and if there is deterioration in
function over time either due to reaction in leads or
changes in generator. The purpose of this article is to
review the evidence surrounding SNM therapy and delineate areas that need more research.

1.1. Mechanism of Action
Sacral neuromodulation (SNM) is FDA approved for
urge incontinence, non-obstructive urinary retention and
urinary urgency and frequency. It is unclear how SNM
works in patients with urinary dysfunction but possible
explanations rely on modulating the micturition reflex
pathway, rather than directly modulating the motor response of the urethral sphincter or detrusor. Normal detrusor functioning depends on sympathetic and parasympathetic neural pathways. The sympathetic nervous
system allows for urinary retention and storage while the
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parasympathetic nervous system allows for detrusor contraction and bladder emptying. Supraspinal inputs from
the pontine micturition center influence the micturition
reflex pathway. It is hypothesized that SNM modulates
signaling from the somatic and afferent nerves that control the micturition reflex pathway. Simultaneously, detrusor, sphincter and urethral vesica are affected. In patients with overactive bladder, SNM inhibits detrusor
activity without affecting the strength of detrusor contractions or urethral resistance. For urinary retention,
SNM suppresses the guarding reflex to decrease urethral
sphincter tone and allow voiding.

1.2. Indications
SNM therapy is considered when the patient with OAB
has exhausted conservative therapies which include lifestyle changes, pelvic floor physiotherapy, bladder training and anticholinergic medications. As of 2013, SNM
has FDA approval for overactive bladder (including urgency and frequency with or without urgency incontinence), urinary retention and fecal incontinence. Clinical
benefit has been documented in cases of interstitial cystitis, and chronic pelvic pain. This article focuses on SNM
use pertaining to lower urinary tract.

2. PROCEDURE AND RATIONALE
Sacral neuromodulation can be accomplished either as a
staged implantation with tined leads or a peripheral nerve
evaluation (PNE) with temporary electrodes followed by
full system implantation. The peripheral nerve evaluation
is done as an outpatient procedure using a monopolar
electrode. After correct placement of the electrode in the
sacral foramina, the temporary electrode is attached to
the skin with adhesives for the duration of the 4 to 7 day
test period. If the patient has a successful test phase, then
the temporary electrode is removed and the patient is
taken to the operating room for implantation of the permanent tined lead and the implantable pulse generator
(IPG).
The staged technique consists of an initial test stage
(acute and subchronic neuromodulation) and then an
implantation stage (chronic neuromodulation). In contrast to PNE, the staged technique uses quadripolar tined
leads that contain an intrinsic retention mechanism. Prior
to the introduction of the self-anchoring “tined” lead in
2002, the older leads required implantation during an
open surgical procedure with the leads being secured to
the sacral periosteum. The introduction of tined leads
allowed for percutaneous placement under radiological
guidance. The use of tined leads enabled physicians to
directly evaluate sensory responses to stimulation while
the patient was under local anesthesia. Other advantages
included shorter operative time and post operative reCopyright © 2013 SciRes.

covery time, less infection and less pain. More importantly, tined leads have reduced the incidence of lead
migration.
The patient is placed in prone position with visualization of the anal region and feet to assess reflex response.
Either general or local anesthesia can be used but muscle
relaxants should be avoided in the case of general anesthesia. Localization of the sacral nerves S2, S3 or S4 are
identified with or without the aid of imaging, and a needle is inserted in the sacral foramen at an angle of about
60 degrees. Medial insertion of the needle improves the
chance of obtaining optimal motor and sensory response
of the anus and pelvic floor [1]. Usually, S2, S3 and S4
are tested bilaterally to identify the best location for
electrode placement. If fluoroscopy is to be used, then
posterior-anterior fluoroscopy can identify the sacral
foramina while lateral fluoroscopy can identify the depth
of needle insertion. For those patients with suboptimal
anatomy or body habitus, computed tomography can be
used to assist needle and electrode positioning [2].
Most commonly, the S3 foramen is targeted because it
provides the best motor and sensory response to stimulation. The S3 foramen is localized halfway between the
coccyx tip and the last spinous process of the lumbar
spine. Govaert et al. observed similar success rates between S3 and S4 [3].
The needle is connected to an external stimulator and
low amplitude electrical currents are applied. Correct
positioning of the leads is confirmed by assessing motor
and sensory responses to stimulation. Typical responses
include contraction of the levator ani muscle, a tapping
or vibrating sensation in the vaginal or anal region, and
dorsiflexion of the great toe on the ipsilateral side of the
test stimulation. Additionally, correct position of the
leads can be confirmed by fluoroscopy. Once correct
placement is confirmed, electrode leads are inserted
through the needle and the needle removed.
The test period should last a minimum of three days
and typically 1 - 2 weeks. The patient is required to keep
a voiding diary before and during the test stimulation
period. If the patient has a 50% improvement of symptoms both subjectively and objectively then she is eligible for a stage 2 procedure. Parameters used to evaluate
the clinical effect differ depending of the nature of the
initial complaint. In patients with chronic urinary retention, values assessed include reduction in the volume at
catheterization and increase in voided volume. For those
with OAB dry, the most important parameters include
the voided volume per void and voiding frequency.
Lastly, in patients with OAB wet, the number of leakages
per day and the number of pads used per day are evaluated. Patients with positive response then undergo stage
2 where pulse generator is implanted in a subcutaneous
pocket in the lower abdomen or buttock.
OPEN ACCESS
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The optimal stimulation setting for the implantable
neurostimulator (INS) is chosen by assessing the sensory
response to different settings. The stimulation setting that
gives the best sensory response at the lowest amplitude is
optimal. The optimal pulse rate is generally set between
10 and 16 Hz and the pulse width is set at 210 ms. It is
unclear whether different pulse rates and pulse widths
have different treatment efficacies. Although patients are
advised to keep the INS on at all times, they are given a
remote control to turn the INS on or off when necessary
and alter the stimulation amplitude.

2.1. Patient Follow-Up
Patients are scheduled for follow up after implantation at
six weeks, six months and yearly thereafter. Patients
should be assessed for symptom relief, pain, patient
comfort and compliance with SNS. The INS should be
checked for proper impedance levels and patient compliance with stimulation settings. If the impedance is less
than 50 Ohms or more than 4000 Ohms, then there may
be damaged leads. Damaged or migrated leads can result
in loss of efficacy and, thus, therapy failure. Leads can
be replaced or new leads can be inserted in the contralateral sacrum. Pain can be located at the implantation site
or the site of perceived sensation. If the stimulator is
turned off and the pain persists, then the pain is at the
implantation site and likely physical discomfort. However, if the pain decreases, then it is stimulation related.
Pain relief can be achieved by modifying INS settings,
repositioning the INS or adjusting lead placement. Approximately thirty-three percent of patients have required
surgical revision and ten percent have needed permanent
removal [4].

2.2. Staged Implantation vs PNE
The first study of staged implantation reported a 60% to
90% improvement in treatment response when using the
permanent electrode in a cohort of patients with a negative PNE result [5]. Subsequent studies compared PNE
and staged implantation and used the progression rate to
IPG implantation as the determinant of success. In 2004,
Everaert reported that patients with positive PNE had
better treatment success with staged implantation after
two years [6]. Bannowsky et al. conducted a study in
patients with voiding dysfunction who underwent bilateral PNE or staged tined leads implantation. They found
that 82% of those receiving staged tined leads progressed
to IPG placement, while 47% of PNE patients progressed
[7]. Similarly, a study evaluated 30 patients with refractory urge incontinence who were randomized to either
the staged or PNE technique. 88% of staged patients
progressed to IPG compared to 46% in the PNE group
[8].
Copyright © 2013 SciRes.

3

The differences in IPG implantation rates between
PNE and staged techniques are not clearly understood.
However, the quadripolar leads have been shown to have
greater variety of programming options and stimulation
patterns that can be manipulated to benefit the patient.
The success of staged implantation is likely due to the
use of the permanent electrodes for evaluation. In fact,
three different trials found that permanent electrodes
doubled the treatment response rate of SNM [9-11]. Additionally, some patients who fail a PNE test will pass a
staged trial [12]. A review by Baxter reported that IPG
implantation rates approached 40% to 50% in patients
undergoing PNE and 70% to 90% in those undergoing
staged trials [13]. Furthermore, the rate of lead migration
that is seen in PNE is not seen in tined leads. Thus, there
is more effective stimulation of the sacral nerves [11].
To date, there are few cost-benefit analyses comparing
staged implantation to PNE. A study by Nikolavsky et al.
showed that in patients with Blue Cross/Blue Shield insurance the single stage procedure would be more cost
effective than a two-stage implantation. In patients with
Medicare, the cost differences were not seen [14]. Other
studies have stated that Medicare reimburses the office-based PNE better over staged implantation [13].

2.3. Bilateral vs Unilateral SNM
There is no consensus on the placement of unilateral or
bilateral tined leads. Sheepens et al. reported that there
was no advantage of bilateral lead placement, although
some patients with nonobstructed urinary retention required bilateral SNM for success [15]. Similarly, Marcelissen et al. found limited success with bilateral stimulation in patients who had previously failed unilateral
stimulation [16]. Overall, unilateral SNM is effective in
many patients and patients who fail treatment may be
offered bilateral evaluation [17].

3. PATIENT CHARACTERISTICS OF
SUCCESS
There is no consensus regarding patient characteristics
that should be considered contraindications for SNM.
Amundsen et al. concluded that older age, the presence
of neurological conditions, spinal cord disease, the presence of three or more chronic conditions, and longer duration of complaints are negatively associated with SNS
success [18]. In contrast, Wallace’s study of 33 patients
with underlying neurologic dysfunction showed a 93%
satisfaction rate with SNM therapy [19]. A study in 2009
by White et al. followed 221 patients for three years and
indicated that predictors of adverse events included a
history of interstitial cystitis, pain clinic patients, and any
type of trauma post implantation of InterStim [20]. Interestingly, a delay in IPG implant after successful PNE
OPEN ACCESS
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test adversely affected the success rate of SNM. Three
studies reported that the longer duration of follow up has
more risks of complications [20-22].
Additionally, two studies found that patients who had
a change in their body mass index post implantation had
more complications than those who did not have significant weight fluctuations [20,23]. However, obesity itself
is not considered a risk factor for SNS failure and a 2012
study by Levin et al. concluded that obesity should not
be a contraindication for InterStim therapy [24].
Intraoperative predictors of success include motor and
sensory response to stimulation during lead placement. A
study in 2006 concluded that sensory response was not a
reliable indicator of success [25]. A similar study in 2011
concluded that intraoperative sensory testing is not as
predictive of success as is motor response testing [26].

3.1. Lead Revisions, Removals, Explants
Complications with SNS are reported as adverse events
that encompass change in clinical efficacy, pain, wound
complication, infection, lead migration, and device failure. Many problems can be managed conservatively but
some require surgical intervention. Van Kerrebroeck’s
multicenter trial reported that 67% of 152 implanted patients had adverse events. Two hundred twenty one adverse events were recorded [21]. Sixty patients required
surgical intervention and 16 required permanent explantation. Reasons for surgical intervention included device
exchanges, IPG or lead repositioning and wound care.
Another multicenter trial reported a 33% surgical revision rate in 219 implanted patients [27]. Cited reasons
for adverse events included pain at the IPG site, lead
migration, new pain, infection, transient electrical shock,
adverse changes in bowel or voiding function, device
malfunctions, change in menses, skin irritation and nerve
injury. The advent of tined leads in 2002 has minimized
the adverse events of SNM. Siddiqui et al. systematically
reviewed the literature from 1980 to September 2008 and
identified five studies that addressed issues of pain, lead
migration and infection with tined leads. It was found
that 3% to 16% of patients required surgical revision [28].
Explantation due to lack of efficacy was performed in
6% of patients while 5% to 11% were explanted due to
infection. They concluded that the use of tined leads result in considerably lower revision rates. Yazdany had an
explantation rate of 25% and a surgical revision rate of
24% [29]. Yazdany reported the average time to explantation was 2.8 years.

3.2. Predictors for Explantation
Yazdany et al. attempted to identify patient characteristics that would predict explantation [29]. Previous studies have reported explant rates of 9% [27]. However,
Copyright © 2013 SciRes.

Yazdany’s study of 58 patients reported a considerably
higher explant rate of 25%. Their reasons for explantation were similar to other published studies but also included surgeon preference as an important criterion.
They were able to exclude history of hypertension, diabetes, incontinence, BMI, age, prolapse surgery, hysterectomy, menopause, duration of symptoms and type of
lead as predictors of device explant. Patients with worse
baseline quality of life questionnaire scores on the Incontinence Impact Questionnaire (IIQ-7) were more likely to
have device explantation.
Rates of adverse events, surgical revision and explantation thus vary from study to study, some variation is
attributable to inconsistent use of new technology, inconsistent patient follow up with the same physician,
patient compliance and surgeon preference of revision
versus explantation. Thus, counseling patients about the
risks and benefits of SNS becomes heavily dependent on
the physician’s understanding of the literature and personal biases.

3.3. Long Term Success Rate
Most studies defined success of treatment as the percentage of patients who had more than 50% improvement in key voiding diary variables at last follow up visit.
Siegel’s multicenter, prospective trial of 41 patients with
urge incontinence, 29 patients with urgency frequency,
and 42 patients with urinary retention reported persistant
improvement of symptoms after 18 to 36 months of InterStim usage [27]. Similarly, van Kerrebroeck’s multicenter, prospective trial demonstrated a 5-year post-implantation success rate of 68% for urinary urge incontinence, 56% for urgency frequency, and 71% for urinary
retention [21]. Siddiqui analyzed the three most representative studies to date and showed that 234 implanted
patients had significant improvement in mean incontinent episodes per day. A five-year follow up of those
patients reported that 54% of patients maintained improvement [28].
Other studies have reported that 75% of patients not
improved by conservative options such as medications
and biofeedback therapy can expect a therapy response
with InterStim treatment [30].

4. CONCLUSIONS
Sacral neuromodulation has become a valuable treatment
option for chronic lower urinary tract voiding dysfunction. Multiple factors are integral to the success of SNM
therapy including but not limited to patient selection,
surgical technique, patient compliance, insurance status,
and surgeon preference. Furthermore, advancements in
technology are improving rates of revision, explantation
and patient satisfaction. Regardless, our understanding of
OPEN ACCESS
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how neuromodulation works is still incomplete. And,
despite of the significant number of patients undergoing
SNM, there are many unanswered questions.
Patient Selection: While certain patient characteristics
have proven to be predictors of SNM success, it is still
unclear how comorbidities influence success and what
modifications would be effective in combating those
issues. Furthermore, as SNM is being expanded to the
pediatric population better guidelines are needed to define optimal treatment. In addition, algorithms for patient
follow up and evaluations are needed. What are the predictors of success? Are there urodynamic predictors of
success? Are there patient characteristics that predict
success or failure? What is the efficacy in diabetics, multiple sclerosis or other neurological conditions? How
effective is the devise in older populations, obese patients and those with long standing symptoms?
Staged Procedures: More data is needed to compare
the benefits and risks of a two-stage sacral nerve stimulation procedure versus out patient PNE followed by full
system implantation. Response rates after PNE need to
be studied and ultimate chance of patient getting generator with the two approaches needs to be determined. Provider and facility costs with these two approaches need
to be taken into consideration as well. Is PNE worth offering as the overall rate of getting generator is low in
patients that start of with PNE compared to direct stage 1?
Are there activity restrictions and recommendations, better adhesive leads to improve the efficacy of PNE?
Is the overall cost burden related to procedure less
with direct stage 1 compared to PNE? What is the ideal
test interval between PNE and stage 2? Is it between
stage 1 and stage 2? Is there difference between the two
protocols?
Lead Placement/IPG Choice: Variations of tined lead
placements need to be explored. It is unclear if unilateral
SNM is as effective as bilateral SNM and whether the
choice of sacral foramina (S3 vs.S4) impact success rate.
Is there evidence to examine effect of lead placement at
S2 or S4 in patients that fail S3 lead placement?
Therapy Time/Failures: It is unclear how long a patient can stay on SNM therapy before it starts to fail.
Whether there are patient and/or device indications that
can signal decreasing efficacy need to be evaluated.
What is the long-term success of SNM? Does the performance of device or leads decline over time? If a patient fails SNM, what are the next steps in therapy?
Alternatives to SNM: Are there viable alternatives to
SNM? Would peripheral nerve stimulation via the pudendal nerve or the posterior tibial nerve and botox injection into bladder be good options in certain patient
populations? Is there concrete evidence for bilateral lead
placement?
Future multicenter trials will help to answer these
Copyright © 2013 SciRes.
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questions and allow surgeons to provide the best care
possible. A working group of high volume users of SNM,
and a prospective registry will also help to answer some
of these questions.
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