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Sacral nerve stimulation

Summary

Background. Sacral nerve stimulation
involves electrical stimulation of a
sacral nerve root by means of an elec-
trode and a stimulator. In the course
of just a few years, sacral nerve stimu-
lation has become a treatment option
for selected patients with urinary
retention, urinary incontinence, anal
incontinence and constipation. The
method is also being tested in connec-
tion with several other indications.

Material and methods. The article
presents the method and reviews the
results of treatment in connection with
various indications on the basis of the
authors’ own experience and after

a non-systematic PubMed search.

Results. An external stimulator is

used during a test period of 3-30 days,
depending on the indication. A positive
test (improvement of symptoms by

50 % or more) is achieved by 70-90 %
of patients with anal incontinence, 70 %
with non-obstructive urinary retention,
52-77 % with urinary urge incontinence
and 43-72 % with constipation. Sacral
nerve stimulation may also be effica-
cious in patients with chronic pelvic
pain. Following implantation of a sti-
mulator a sustained effect is seen in
50-90 % of patients with a positive test
response. Up to 75 % of patients will
need repeated follow-up in the form of
stimulator reprogramming or reopera-
tion due to technical failure. The ser-
vice life of the stimulator is 3-10 years,
and it must be replaced surgically
when the battery wears out.

Interpretation. Treatment with sacral
nerve stimulation may have a sustained
effect in patients with various pelvic
floor dysfunctions, and appears to be
especially efficacious in cases of anal
incontinence and non-obstructive
urinary retention. Most of the patients
will need close follow-up in order to
maintain an optimal result.
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Permanent electrical stimulation of sacral
nerve roots, sacral nerve stimulation (SNS),
was first used in the late 1970s by Brindley et
al. to treat neurogenic urinary retention (1).
Just over ten years later, the first patient
series showing positive results from the treat-
ment of this patient group became available
(1, 2). The first report on the effect of sacral
nerve stimulation in three patients with faecal
incontinence was published in 1995 (3).

In 1999, this method was introduced in
the University Hospital of North Norway,
the first Nordic hospital to do so. Sacral
nerve stimulation is now used to treat a
number of dysfunctions of the lower urinary
tract, the pelvic floor and the bowel, and new
indications are being tested. The method is
minimally invasive and does not cause any
structural changes in the pelvic floor. Even
though sacral nerve stimulation is estab-
lished throughout Norway today, it is our
impression that the method is relatively little
known in the primary health services, and
not even very well known in the specialist
health services.

Materials and methods

The article reviews sacral nerve stimulation
and treatment results for various indications
based on the authors” own experiences of the
method and a review of relevant literature
retrieved by way of a non-systematic PubMed
search. All the authors of this article perform
sacral nerve stimulation at University Hospi-
tal of North Norway, and they also participate
in the interdisciplinary working group at the
Norwegian Continence and Pelvic Floor
Centre.

Mechanism

Electrical stimulation is obtained by placing
an electrode attached to a stimulator against
one of the sacral nerve roots (fig. 1). The volt-
age used normally ranges from 0.5 to 3 volts,
with a frequency of approximately 15 Hz. The
effect was initially assumed to be caused by
direct stimulation of the bladder muscle, the
urethral sphincter and the anal sphincter via
motor nerves (3, 4). Later studies, however,
indicate that electrical stimulation of the sac-
ral nerve roots causes complex modulation of
motor, sensory and autonomous nerve paths
in both the central and the peripheral nervous
system (5—7). The complexity of this active
mechanism is the most likely reason why the
method can have an effect on several partly
conflicting processes.

Surgical procedure

Currently, only one system for sacral nerve
stimulation is commercially available (Inter-
Stim, Medtronic, Minneapolis, MS). The sur-
gical procedures are identical irrespective of
the indication in question. First, a peripheral
nerve evaluation test (PNE test) is undertaken
to establish whether the patient will benefit

Main message

m Sacral nerve stimulation is low-voltage
electrical stimulation of a sacral nerve
root. Sacral nerve stimulation may
be efficacious in treating anal inconti-
nence, various urinary dysfunctions
and constipation.

= A permanent stimulator is implanted
only when a test period has demon-
strated clear efficacy.

m Patients with a sacral nerve stimulator
will need specialized and ready avail-
able follow-up.
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from sacral nerve stimulation. Under general
anaesthesia, sedation or local anaesthesia one
or several sacral foramina are cannulated,
usually foramen 3 or foramen 4. When the
cannula is inserted through the sacral
foramen, the tip will be located immediately
adjacent to the corresponding sacral nerve
root (fig. 2).

The cannula is supplied with pulsating cur-
rent from a stimulator. If the operation takes
place under general anaesthesia or sedation,
the stimulation may lead to contraction of the
anal sphincter (fig. 3). If it takes place under
local anaesthesia, the stimulation may also
cause a sensory response corresponding to
the rectum, the bladder or the vagina. If an
appropriate response is obtained, an electrode
is inserted in the same place using percu-
taneous technique.

The electrode is linked to an external sti-
mulator that the patient carries during the
test period. The duration of this period
depends on the patient’s condition. During
the test period, the patient keeps a daily re-
cord of the frequency of the symptoms. If
the test is carried out using a temporary elec-
trode, this can be easily removed by the pa-
tient him/herself once the test period is over.
If a permanent electrode has been used, the
extension wire emerging through the skin at
the flank can be cut at the skin level.

After completion of the test, the frequency
of the symptoms prior to and during the test
are compared. There is a broad agreement
that a PNE test should lead to a reduction in
symptoms of 50 % or more before implanta-
tion of a permanent stimulator is offered.

Two different stimulators are available —
one with a service life of up to ten years and
another, considerably smaller model, with a
service life of 3—5 years. The stimulator is
implanted deeply subcutaneously in the left
or right buttock, according to the patient’s
wishes (fig. 4). If the patient was tested using
a temporary electrode, a permanent electrode
is inserted during the implantation of the sti-
mulator. If a permanent electrode was used
for the test, the stimulator will be attached to
this electrode. Patients are supplied with a
remote control device that enables them to
turn the stimulator on and off, change the
voltage and switch between up to four differ-
ent stimulation programmes.

Patient selection

Implantation must not be undertaken if there
is a skin infection in the area, and a special
evaluation must be made if the patient suffers
from chronic inflammation of the skin (e.g.
psoriasis) or has a weakened immune system.
Care should also be taken with regard to per-
sons with personality disorders, since they
more often respond poorly in spite of a posi-
tive test period (8). In our experience, patients
need to be highly motivated to undergo sacral
nerve stimulation, and preferably be able to
handle the remote control device that controls
the stimulator. Furthermore, it is essential that
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the patients have realistic expectations regar-
ding the results of the treatment, including the
possibility of a technical failure and the need
for stimulator reprogramming and possibly
reoperation.

It has been assumed that persons who are
likely to need an MR scan of the pelvic floor
region later are not suitable subjects for sacral
nerve stimulation. However, studies have
failed to establish clearly any undesirable
effects for the patients following MR scans
(9, 10). This is also our own experience.
However, a recent study reports that two pa-
tients had their stimulators damaged as a con-
sequence of MR scanning of the pelvic region
using a 3-tesla scanner (11). The necessity of
an MR scan should therefore be balanced
against the risk of damaging the stimulator.

Indications and results
Non-obstructive urinary retention

The first patients who were treated with sacral
nerve stimulation suffered from neurogenic
urinary retention (partial transverse lesion,
multiple sclerosis and stroke) (1, 2). Sacral
nerve stimulation can also be efficacious in
cases of neurogenic urinary retention due to
cauda equina syndrome, prolapse of the in-
tervertebral disc, sequelae after spinal surgery
and polyneuropathy (12). The treatment can
also be efficacious in cases of idiopathic, non-
obstructive urinary retention where other
forms of treatment have failed (5, 12, 13).

A positive PNE test response is achieved in
approximately 70 % of patients (14), after a
test period of 3—7 days. Patients with a posi-
tive test response achieve a significant reduc-
tion of residual urine and use of a catheter
once the stimulator is implanted (5, 13). Some
studies also show a significant improvement
in perceived health (5), health-related quality
of life and depression score (15). Other stu-
dies have been unable to establish such corre-
lations (13). A total of 50 %—80% of those
who have a stimulator implanted are experi-
encing a beneficial effect 3—6 years after the
implantation (12—14).

Urinary urge incontinence

Urinary urge incontinence is characterized by
bouts of a strong and irresistible urge to
urinate without the bladder being full. The
syndrome may also be accompanied by occa-
sional incontinence (urge incontinence). The
condition is initially treated with bladder
training and antimuscarinic drugs (16). If this
treatment has little effect, sacral nerve stimu-
lation can be attempted.

Sacral nerve stimulation may also be effi-
cacious, irrespective of whether any hyper-
activity of the detrusor is detectable or not,
in patients both with and without accompa-
nying urinary incontinence (17). A positive
PNE test response is achieved in 52 %—77 %
of the patients (18) after a test period of 3—7
days. In patients who have a stimulator
implanted, the effect is sustained in approxi-
mately 60 % after 5—6 years (12, 13).
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Figure 1: Schematic drawing of a woman's sacrum
and pelvis, posterior view. The nerve electrode has
been inserted through the third sacral foramen on
the right side (solid arrow). The electrode is ideally
placed against the third sacral nerve [stippled arrow).
The stimulator is placed deeply subcutaneously, and
can be seen projected over the right iliac crest.

Figure 2: Schematic drawing of cannulation of the
third sacral foramen on the left side. The tip of the
cannula (arrow] will ideally be placed against the
corresponding sacral nerve when the cannula is
inserted at an angle of 60° to the skin over the
sacrum.

Figure 3: A cannula has been placed in the third
sacral foramen on the left side. The cannula is attached
to an electrical cable to test the motoric response of
the anal sphincter. Photo: Stig Norderval. The patient
has consented to publication of the picture.
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Figure 4: A permanent stimulator attached to an
electrode which has been tunnelled subcutaneously
from the third sacral foramen on the right side (arrow]
to an established subcutaneous pocket on the right
side [stippled arrow). The stimulator is ready to be
implanted in the subcutaneous pocket. Photo: Stig
Norderval. The patient has consented to publication
of the picture.

Anal incontinence

Sacral nerve stimulation can be indicated in
patients with faecal incontinence or gas in-
continence combined with an inability to
retain faeces when they experience an urge
(«urgency»), in cases where maximally con-
servative treatment has been ineffective. The
PNE test is conducted over a period of 2—3
weeks. A positive test response is achieved
for 70 %90 % of patients (19—22). In those
who have an implanted stimulator, the effect
is sustained in 70 %-90% after 2—5 years
(19, 22, 23). Double-blind studies with the
stimulator set so that patients were unable to
determine whether it was turned on or off
have shown that symptoms recur when the
stimulator is turned off (24, 25).

The treatment has a positive cost-benefit
effect, with a significant improvement in
quality of life (26, 27). Patients with sphinc-
ter lesions covering up to one-third of the
circumference can benefit from sacral nerve
stimulation (20). However, sphincter lesions
detected by ultrasound are a negative predic-
tor of success (28), and large sphincter
defects should probably first be treated by
way of sphincter reconstruction.

Constipation

The documentation on the effects of sacral
nerve stimulation on chronic constipation is
more limited than for the conditions described
above. Stimulation of the right or left third
sacral nerve root has been shown to increase
motility in the left colon and in the rectum
(29). An effect has been found in patients suf-
fering from intractable voiding dysfunction
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with normal and prolonged passage time (30,
31). The PNE test is undertaken over a period
of 3—4 weeks. A positive PNE test response
in cases of chronic constipation is achieved in
43 %—73 % of patients (30, 32), and the effect
is sustained in approximately 90 % after two
years (30, 31). A double-blind study with the
stimulator set so that patients were unable to
determine whether it was turned on or off
have shown that symptoms recur when the
stimulator is turned off (33).

Other conditions

Sacral nerve stimulation may have an effect
on chronic pelvic floor pains, for which all
other available treatments have been attemp-
ted (34, 35). In a study of nine patients suffer-
ing from chronic pains in the anus or rectum,
a positive PNE response was obtained for
four patients. The median VAS pain score
was reduced from 8 to 1, with a sustained
effect for more than two years after the im-
plantation of a permanent stimulator (36).

A pilot study has shown that sacral nerve
stimulation can be efficacious in patients
who are considerably distressed by irritable
bowel syndrome (37), and a research group
in Arhus, Denmark, is currently investigat-
ing this in a prospective study.

Sacral nerve stimulation has also been at-
tempted on patients who are at an acute stage
after a transverse lesion. Bilateral permanent
stimulation may also be efficacious in achiev-
ing voiding of the bladder and preventing de-
velopment of neurogenic bladder dysfunction
and motility dysfunction of the colon (38). If
this is confirmed, sacral nerve stimulation
may be implemented in the early treatment
plan for patients with a transverse lesion.

Complications

After implantation, an infection develops in
2%—10% of the patients (19, 39) and leads
to removal of the implant in approximately
half of the cases. Other complications include
pain radiating to the perineum or a lower
extremity, pain or discomfort around the sti-
mulator or electrode, dislocation of the elec-
trode with loss of efficacy, or loss of efficacy
for no known reason (40, 41). However, this
can often be corrected by reprogramming the
stimulator, and up to 75 % of the patients will
need this (42). Furthermore, 16 %—54 % of
patients will need reoperation, to replace the
electrode after technical failure or to move
the stimulator because of local discomfort
(19, 31, 40, 41). A total of 8 %—20% of the
patients will eventually have the equipment
explanted because of technical failure, pain
or discomfort (12, 19, 31, 43).

Follow-up

Since many of the patients will need repro-
gramming or reoperation, it is essential to
have a good and readily available follow-up
service (42). At the University Hospital of
North Norway we have chosen to let the pa-
tient him/herself determine the need for fol-

low-up. In addition, we have established an
annual training course, including an offer for
checking and possibly reprogramming the
stimulator in connection with the course.

Conclusion

Sacral nerve stimulation can be an effective
form of treatment of overactive bladder,
non-obstructive urinary retention, faecal in-
continence, constipation and chronic pain in
the pelvic floor area. The treatment is mini-
mally invasive, and the efficacy of the treat-
ment can be determined by means of a brief
test period. Most of those who have a stimu-
lator implanted will retain the effect for a
number of years. However, many patients
will need reprogramming of the stimulator
or reoperation to replace the electrode, and
this necessitates close follow-up to maintain
optimal efficacy.
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