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Abstract: This paper reviews the use of sacralkid down by Tanagho and Schmidt [1,2] early in the
neuromodulation as a treatment modality for patieni®80s. Since then, hundreds of patients have had
with bladder dysfunction. The dual functions of theneuroprostheses implanted to treat various dysfunctions.
urinary bladder are to act as a reservoir and to evacu&everal reports have been published addressing different
under voluntary control. Bladder dysfunction is aspects. The indications have expanded, and now include
descriptive term describing the loss or the impairmentrge incontinence and sensory urgency [3-5], idiopathic
of one or both of these functions. In the first part of thehronic urinary retention [4-8], pelvic pain [4,7] and
manuscript we describe the different components wofterstitial cystitis [9].

sacral neuromodulation: the screening test known asThe reasons why neuromodulation is especially
percutaneous nerve evaluation (PNE), which involvdgeneficial for women are unclear: it could be that
screening patients who could potentially benefit from theomen are more vulnerable than men to pelvic
therapy. Those who show a satisfactory response wilhthology. Many female patients showed the symptoms
have a permanent neuroprosthesis implanted. Tbk voiding dysfunction following gynecological or
technical aspects of both components of neuromodulabstetric procedures. In our experience, of 38 patients
tion are described in detail, as well as the technicahplanted with sacral root neuroprostheses only 3 were
difficulties encountered. In the second part we presemile [5,8].

our long-term results in patients with sacral neuro-

modulation. Sacral neuromodulation is a safe and

efficient therapeutic modality that helps patients witfProcedure

refractory voiding dysfunction restore their bladder

function. Patients in any of the previously mentioned categories of

. . ._bladder dysfunction undergo a screening test called
Keywords: Incontinence; Neuromodulation; Retem'onbercutaneous nerve evaluation (PNE), in which a
Sacral roots; Urge temporary wire electrode is inserted in the S3 foramen.
The patient is sent home with an external pulse generator
for a few days. Responders are then implanted with a
permanent sacral foramen implant and an implantable
pulse generator (IPG).

Introduction

Sacral root neuromodulation is a relatively recent
concept for the treatment of various voiding and stora .
dysfunctions, but is gaining wide acceptance among t?%rcutaneous Nerve Evaluation

international urology community. The principles WeThis was first described as a clinical test to evaluate
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and the patient was positionedlaterally. The aim was
to testthe responseof the urinary bladder, manifested
in pressure changes, to S3 electrostimulation in
candidatesfor neuroprostheticimplants designedfor
bladder evacuation. The current procedure used for
PNE is the one describedby Thon and colleagued7].
The patientis positionedprone with slight flexion of
the hips. The S3 foramenis located one fingerbreadth
off the midline at the level of the sciatic notch. The
entire procedureis conductedunder local anesthetic.
In their description, Thon et al. usedan angiocatheter
with a finder needleto probe the foramen. Currently
this has been replaced with a relatively atraumatic
needle supplied with the PNE kit from Medtronics
(Medtronics Inc., Minneapolis, MN). The angle
recommendedby the authors was 60° to the skin.
The more tangentialthe anglethe narrowerthe contact
with the nerve. The stimulation current used ranges
between3 and 5 mA, 15 Hz and 200 us. Each
foramen is separatedwith one fingerwidth in the
vertical plane from adjacent foramina. Once the
desirable somatic responseis found, an electrode
wire is passedthrough the needlesheathand secured
in place by adhesivetapes.

HassounandElhilali [11] reporteda slightly different
technique,usinga 30-40 angleto the horizontalplane
of the skin.

SomaticResponsefo SacralRootsNeurostimulation

The sacralroots S2—-4 are responsiblefor the nervous
supply of mostof the pelvic organs,giving rise to both
the pelvic andthe pudendalnerves.The pelvic nerveis
the onecarryingthe autonomicinnervation,whereaghe
pudendalcarries the somatic innervation. In addition,
somesomaticfibersarisefrom S2and3 andrunin close
proximity to the pelvic nerve to supply the levator
muscle and the striated rhabdosphincteraround the
membranousirethra[2].

The sacralroot of interestto us is the S3 root. A
typical responseo stimulationof this nerveis seenn the
perineum and the foot: electrostimulatin results in
contraction of the detrusor, levator and, to a lesser
extent,the urethral sphincter,in additionto the big toe
muscles. During percutaneousnerve evaluation, this
responseis translatedinto a below reflex, which is
inward movementof the anus and deepeningof the
gluteal cleft. Subjectively, the patient feels a pulling
sensationin the rectum, with variable sensationin the
labia. Stimulation of S2 producescontractionof more
superficialperinealmusclescausinga clamp-like effect.
It may cause some sphincteric contraction but not
detrusorresponseFurthermorejt causeglantarflexion
of the foot and lateral rotation of the leg. S4 causes
below like actionwith no foot movement.Occasionally
there is an overlap betweenthe dermatomeq7]. The
sameresponsesvereobservedy HassounandElhilali
in their report[11].

337

Complicationsof PNE

Very minor complicationswverereportedn alargeseries
at UCSFof morethan1500patientsundergoinghis test.
Theseincluded somelocal discomfort at the puncture
site, accentuatiorof the symptomsafter the trial period,
and wire displacement.No casesof infection were
encountered[7]. Similar results were reported by
Hassounand Elhilali [11].

SubchronicWire Test

After the desirableresponses obtainedand the wire

securedn place,the patientis senthomewith the wire

coupledto a portablepulsegeneratoffor a 5-7 day trial

period of outpatientstimulation. Respondersre those
who showconsiderablemprovementof their symptoms
during the subchronictesting period. The choice of

implant side dependson the side that gave the best
responsg?7].

Resultsof the PNE

Out of 50 patientstestedoy PNE for variousvoiding and
storage problems, Elabbady et al. [4] reported a
satisfactoryresponseo the subchronictestingin 17. It
hasto be mentionedthat the responsecriteria in this
study were rather strict, as only patientswho showed
more than 70% improvementin their main baseline
symptomswere consideredo be qualifiers. The rest of
the patientseither showedno responseor the response
wassubobtimal Siegel[12] hasreporteda51%response
rate in 49 patientsundergoingPNE. In his series,4
patientshad a sustainedmprovementof their baseline
symptomatologylong after the PNE [12]. When 50%
improvementwas used as a cutoff value in patients
undergoingPNE, resultsimprovedto 61% [3].

Hasanand colleagues[13] comparedthe results of
transcutaneouselectrical stimulation (TENS) of the
sacral roots and that of PNE of S3 roots in patients
with idiopathic detrusorinstability. They reportedthat
the symptomaticrelief in patientsundergoingPNE was
morepronouncedhanin thosehavingTENS, butdid not
reach statistical significance.Both tests showedfavor-
ableeffectson theambulatoryurodynamicsit hasto be
mentionedthatthe durationof the TENS was2—4 weeks
comparedto the 4-8 days of the PNE, reflecting the
superiordirect specificstimulationof the S3rootin the
PNE[13].

PermanentNeuroprosthesilmplant

Patientsare put in the prone position. An incision is
made over the lower two-thirds of the sacrum and
carrieddown to the thoracolumbarfascia. The fasciais
incisedandthe gluteal andthe paraspinousnusclesare
retractedover the side that demonstrated satisfactory
responsealuring PNE testing. The foramenis identified
anda quadripolarelectroddansertednto the foramenand
securedin place by non-absorbablenaterial suturedto
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theperiosteumTheleadis thentunneledsubcutaneously showed an increased infused volume to the first

and broughtout just below the iliac crestfrom a skin
incision. The patientis thenpositionedon the flank. The
implantable pulse generatoris implanted in a pouch
fashionedfor this purposemedialto the anteriosuperior
iliac spine, and connectedto the electrode by an
extensioncable tunneled subcutaneouslyPatientsare
placed on antibiotic coverage.The pulse generatoris
activatedon the secondpostoperativelay andthe patient
is dischargedn the third postoperativeday [11]. Siegel
[12] has used a similar techniqguewith some minor
modification. He testedthe location of the S3 foramen
andthen madea 10-12cm incision determinedon that
location. He tested the best possible position and
direction for electrodeinsertion with an insulatedtest
needle before inserting the permanentelectrode. The
direction of the electrodeinsertion was inferolaterally
towardsthe greatertrochantero follow the courseof the
sacralroot. Thefour contactpointsof the electrodewere
checkedat this point. An ideal responseis the one
obtainedwith a currentof 0.5 mA. A lower current
denotesavery closepositionandhighercurrentindicates
thatthe electrodeis too far. If alessthanideal response
was demonstrated,the electrode was removed and
repositioned.He also usedanotherfixation cuff to fix
the electrodemore proximally [12].

Results

Few studieshavebeenconductedn this subjectto date,
and less than a handful of these address specific
pathologicalconditions. In the following text the two
mainindicationsfor sacralroot neuromodulatiorwill be
discussedeparatelyand otherminor indicationswill be
discussecollectively.

Urge Incontinenceand Sensoryinstability

Urge incontinenceand sensoryinstability were among
the first indications for the use of this modality. The
principle arosefrom observation®f the ability to restore
reservoir function in patients with suprasacralspinal
cord injury during sacralroot neurostimulatior[14]. In
that study, the primary aim was to induce voiding. It
should be noted that most patientsin this study had
undergonextensivedorsalrhizotomy,which maybethe
main reasonfor the restorationof continence.

In 1995,Boschand Groen[3] reportedtheir resultsin
18 implantedpatientswith urgeincontinencesecondary
to detrusor instability. The voiding diaries of these
patients showed a highly significant drop in leakage
episodesandfrequencywith a significantincreasen the
averagevoided volume. The numberof protectivepads
usedper day droppedsignificantly as well. The effect
was durable,as 13 patientswho were followed up for
more than 2 years maintained the same initial
improvement. Urodynamically, the bladder instability
disappearedn 8 of the 18 patients,and the other 10

uninhibitedcontractionandto the maximumuninhibited
contraction.This was associatedvith increasedladder
volume at capacity and first sensation.There was no
completecorrelation betweenthe urodynamicfindings
andpatientsymptomatologyThreeof the 9 patientswho
were completely dry showed persistenceof the unin-
hibited contractions whereas2 of the 9 who were not
completelydry showeda stablebladder[3].

Thonandcolleagueg$7] showedsimilar results.Out of
20 patientswith urgeurinaryincontinencel 7 showedan
improvement of more than 50% compared to the
baseline, which persisted for more than a year of
follow-up. Elabbadyand colleagueq4] presentedheir
resultsin patientswith urgencyfrequencyand/orurge
incontinence frequencyimproved by 73%, urgencyby
42%andincontinenceby 50%. Urodynamically,bladder
instability disappearedn 1 patientand bladdervolume
at first sensatiorincreasediy 50% [4].

Idiopathic Non-Obstructie Chronic Urinary
Retention

This is another major indication for sacral root

neuromodulation, but very few reports have been
published concerningthis issue. Thon and colleagues
[7] reportedtheir resultsin patientswithin this category:
33 patientswith chronic urinary retention were given

permanenneuroprothestiémplants; 23 showeda long-

lasting significantimprovementput in the remaining10

the improvement did not reach 50% compared to

baseline[7]. Vapnek and Schmidt [6] reported their

experiencein 7 patientswith chronic retention: 5 are
now voiding normally, whereasof the other 2, 1 is

voiding with hesitancyand strainingand 1 was doing

well butlost his implantthroughinfection [6]. Elabbady
and colleagueg4] presentedheir datain 8 implanted
patients:all were ableto void postoperativelyAverage
voided volume improved significantly and was asso-
ciated with a markedreductionin residualurine and a

significantimprovementin the uroflowmetry data. The

authorsdeniedany changein the cystometrogren data,
including bladdervolume at first sensatiorand capacity
andrestingpressureand detrusorpressureat maximum
capacity[4].

Miscellaneoudndications

Pelvic pain or discomfortis a very commonsymptom
associateavith otherstorageor voiding dysfunctionsin
much of the literature on sacralroot neuromodulation,
associatedpelvic pain has improved remarkably. This
improvementranged from 85% to 90% when post-
implant statuswas comparedo baseling[3,7].

Tanagho [15] presentedhis data on sacral root
neuromodulationin various voiding dysfunctionsand
storage problemsin children. Nineteen patients with
meningomyelocelavere testedwith PNE: 11 showeda
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good responseOf these,7 were implanted: 6 of these
demonstrateda very good response,and 1 failed.

Children with voiding dysfunction with no apparent
causeall respondedo PNE (6/6). In addition, they alll

showeda fair to good responsepostoperatively. Two

patients with neonatal hypoxia were treated with

neuroprothestidmplants, 1 of which failed becauseof

behavioralproblems[15].

Complications

Complications in general were minimal and within

expectationsTheseincluded electrodemigration, elec-
trodefailure andpainatthe IPG site [3,12]. Cessatiorof

the responsewith time was encounteredby some
investigators.Thon et al. [7] theorizedthat this was
dueto electrode—nervinterfaceproblemsresultingfrom

high chargeinjection. Thereasorfor thisis placemenbf

the electrodefar from the nerve:close proximity of the
electrodeto the nerve preventsthe use of high current
amplitude,therebypreventingnerve damage[7]. Pain,
whetherreferredor atthe IPG site,constituteda problem
in 8 outof 17 implantedpatients.This wasdealtwith by
adjustmenbf parameterén 7 patients.Local pain atthe
IPG site necessitatedemovalof theimplantin 1 patient

3].

University of Toronto Experience

Two reportshaverecentlybeenpublishedin the Journal
of Urology concerningour own experiencg5,8]. In the
following section,the dataare summarized.

Methodology

Inclusion and ExclusionCriteria. Patientswith serious
voiding dysfunction refractory to all conservative
measuresvere includedin our study. All underwenta
detailedhistory andphysicalexamination.The inclusion
criteria were a diagnosisof either urgency—frequency/
urge incontinence,or non-obstructivechronic urinary
retentioneither completeor incomplete.Age shouldbe
greaterthan 16 years. A normal upper urinary tract,
adequatebladder volume (more than 100 ml) and no
significant sphincteric pathology were essentialprere-
quisites. Patients must be willing and competentto
completethe diariesandquestionnairesf the study,and
have the intention to comply with the study visit
schedule.

Exclusioncriteriaincludedmultiple sclerosisReiter’s
syndrome; severe uncontrolled diabetes mellitus or
diabetesmellituswith peripheraheuropathypregnancy;
anatomical limitations that would prevent successful
placementof an electrode,suchas meningomyeloce;
an active diseasethat can limit the successof the
procedure such as active degenerativedisk disease;
spinalcordinjury or cerebrovasculaaccidentiessthan6
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months old; symptomaticurinary tract infection until
treated: stressincontinence;pelvic pain not associated
with voiding dysfunction or when it is the primary
diagnosis;severepsychologicalproblems;and mechan-
ical infravesicalobstruction.

Study Design. Patients who fit into the previously
mentioned criteria underwent urodynamic study and
were asked to complete two voiding diaries for 4
successivelayseach(baselinediaries).In addition,they
completedBeck Depressioninventoryand SF36Quality
of Life questionnaires.

After completion of thesediaries the patientswere
subjectedto percutaneouserve evaluation(PNE) and
sent home with a mobile pulse generator(Medtronics
model 3625 screenerfor subchronicesting. They were
askedto completeanotherdiary for 4 consecutivedays
(PNE diaries). A fourth diary was completedatfter the
PNE once the symptomsreturned baseline,and the
baselineand the PNE diaries were compared.A 50%
improvement of at least two major symptoms was
chosenas a cutoff value in this study for the patientto
qualify for implantation. After implantation, patients
werefollowed up at 1, 3 and6 monthspostimplantation,
and every 6 months thereafter. Before each visit, a
voiding diary and quality of life questionnairewere
completed. During each visit, any complication was
reported, stimulation parameterscould be adjustedif
necessaryanda free uroflowmetrywas done,exceptat
the 6-month visit when the patientsunderwenturody-
namic studies instead. At this visit and after the
urodynamicsthe implantwasturnedoff andthe patient
instructedto complete a diary after returning to the
baseline After completionof the diary the implantwas
turnedon again|[5,8].

Results

Resultsof the PNE. Onehundredandfour patientswith
various seriousvoiding dysfunctionsunderwentpercu-
taneous nerve evaluation (PNE) to determine their
responsivenesto neuromodulationPhysical examina-
tion disclosed no abnormality except tendernessor
inability to control the pelvic floor, demonstratedn an
inability to relaxor contractthe levatorani on command.
Upper tract imaging and cystoscopydid not show
abnormalities. These patients had failed all other
conservativemeasuresand proceduresto treat their
condition, including pharmacotherapyn the form of
antispasmodics, anticholinergics, antidepressants,
smoothand skeletalmusclesrelaxants,«-blockers,and
antibioticsto treat associatedirinary tract infection. In
most of the casesseveralcoursesof different medica-
tions had beentried. In addition, other pharmacother-
apeutic agentswere instilled in the bladder, such as
heparin, DMSO, Chlorpactin etc. Apart from the
pharmacotherapya wide variety of surgicalprocedures
were of no benefit to these patients. This included
urethral dilatation, bladder neck resectionor incision,
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bladder neck suspensionor sling procedure, and
enterocystoplastyThe direct causativeagentin these
patientswasnot alwaysclear.Pelvic or perinealtrauma,
in the form of hysterectomygpisiotomy,dilatation and
curettageandsexualabusewasthe mostcommonsingle
agentthat precededthe occurrenceof the symptoms,
especiallyin the retentiongroup.

Forty-one of these patients showed a significant
improvementin their voiding diary parametersand
qualifiedfor a permanenteuroprosthetiéamplant: 20 of
thesewere in the urgency—frequency/urgicontinence
group (urgegroup),and 21 werein the retentiongroup.
Thirty-eight of the qualified patients have been im-
planted and 3 are still awaiting implantation. The
remaining patientsdid not show an adequateresponse
to PNE and hence did not qualify for a permanent
neuroprosthesis.

It was noticeable that all the changesin diary
parameter®bservedduring PNEin the goodresponders
persistedafter implantation with no significant differ-
ence. There was no statistically significant difference
betweendata obtainedwith PNE and thoseobtainedat
any point during follow-up in patients qualified for
implantation. All patients returned to their baseline
statusafter completionof the PNE, althoughin somethis
took a few daysto occur.

Resultsof the Urge Group. Eighteenpatientswith urge
incontinencewho showeda significantimprovementin
responsdo PNE havebeengiven a sacralroot implant
(Medtronics,ITREL I, 1l or Interstim). The meanageat
the time of presentatiorwas42.3 + 3.3 (22—67)years,
andthe durationof the urinary symptomswas6.6 + 1.3
(1.2-18.8)years All patientsexcept2 werefemalesThe
averagedollow-up durationin this groupwas18.8(3—-83)
months[5].

Sacral root neuromodulationeffectively improved
incontinencen this groupof patients.This wasreflected
in many aspects. Average number of incontinence
episodesper 24 hours decreasedsignificantly after
implantation and remained statistically lower than
pretreatmenfor aslong as the patientswere followed
up. This was also demonstratedvhen the data were
analyzedon an individual basis.Eight patientsbecame
completely dry after the surgery,and 4 had average
leakageepisode®f oneor lessdaily. In fact, all patients
exceptl showedeither cure or improvement.Further-
more, urinary urgencyand senseof emptyingimproved
significantly. Associatedpelvic pain decreasedsignifi-
cantly [5].

Eight patientshad associatecchronic retention. The
improvementof their voiding behaviorwas similar to
thatof theretentiongroup,whichwill bediscussedh the
following section[5].

The clinical improvement was associated with
improvementin the urodynamicdata. Voided volumes
during the uroflowmetry increasedup to twofold when
comparingthe baselineto the postoperativefollow-up.
Peakand meanflow rate stayedwithin the preoperative
normalranges.Cystometrogramshowedthe disappear-
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anceof bladderinstability in only 1 of the 4 patientswho
showedit preoperatively.In the other 3 the bladder
volume at which thesecontractionsoccurredincreased
from 80 ml to 124 ml. Bladdervolumeat first sensation
increasedby 50%, from 133.17 + 25.31ml preopera-
tively to 203.75 + 42.29 ml 6 months postimplant.
Cystometric bladder capacity increasedby 15% from
291.93 + 48.32to 335.83 + 51.05ml. Pressure—flow
studiesin the patientswith pure urge incontinence,as
expecteddemonstratecho difference[5]. Patientswho
completed 18-month follow-up in both groups (urge/
frequency and retention) showed that their initial
improvementin symptomatologypersistedin the long
term [5].

The amplitudeof the stimulatingcurrentneededo be
increased within the first 4 weeks and stabilized
thereafter. Although variable from one patient to
another,the current amplitudewas in the 2 V range,
with a pulsewidth of 210 us andfrequencyof 2—15Hz
in mostpatients[5].

Analysis of the Beck Depressionindex and the
Quality of Life questionnaireshowedsomeimprove-
ment, which was progressivan mostof the items. This
improvementrangedfrom 10% to 40% [5].

Resultsof the RetentionGroup. Twenty patientswith
idiopathicnon-obstructivehronicurinaryretentionhave
beenimplanted to date. All but 1 were female. The
averageage of presentationvas 33.67 + 2.2 (19.43—
55.66)years.Theaveragelurationof urinaryretentionat
thetime of presentatiomwas5.23 + 1.1(1.17-19)years.
The mean follow-up was 15.17 (1-74) months. Two
patientswere lost to follow-up and their datawere not
includedin our study. All patientswere dependenbn
CIC at the time of presentatiorjg].

There was a significant improvementin both the
voided volumesand residualurine. The percentageof
the residualurine to total urinary output droppedfrom
78.3% to 5.5-10.2%in the postoperativefollow-up
visits. Associated pelvic pain also demonstrateda
significant improvement. All patients reporteda sub-
jective improvementin all their symptoms,including
their sensationof emptinessafter voiding. There was
alsoanimpressivedecreasén the urinarytractinfection
rate after implantation[8].

Again the clinical improvementswere translatedto
urodynamicdata.Voided volumes,peakand meanflow
ratesand residualvolumeswere almostnormalized.No
significant difference was shown in the data of the
cystometrogramPressure—flowstudies after implanta-
tion were againwithin normalvalues[8].

Complications

None of the complicationsthat we encounteredwas
major or life-threatening:in fact, mostwere within our
expectationsThe mostimportantand frequentcompli-
cationof the PNEis wire migrationbeforethe endof the
4-day testing period. Regardingthe permanenimplant
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procedurethe complicationsincludedsuperficialwound
infection in 2 patients,and implant failure in 1 patient
necessitatingreplacementof the IPG. Erosion of the
extension cable towards the skin in 2 patients is
correctedby burying the wire underthe skin. Electrode
migration in 2 patients required exploration and
repositioning.Pain at the site of the implant required
changeof sitein 1 patient,andtherewaspersistenback
painradiatingto thelowerlimbsin 2 patientsfor several
weeksafter surgery.None of thesecomplicationswas
irreversibleanddid notresultin any nervedamageFour
implantshadto be replacedfor batteryfailure after 4—6
yearsof use[5,8].

Discusson

Sacralroot neuromodulatioris becomingan acceptable
alternativefor the treatmentof refractory voiding and
storageproblems.t is a very appealingconceptbecause
the surgeryis relatively simple and involves no major
morbidity. The good reproducibility of the results of
PNE afterimplantationaddto its advantages.

Theoriesof Mechanism®f Action

The mechanismof action of this therapyis not well

understood. There is no solid evidence as to the
mechanismof action and not much basicresearchhas
beendoneto addresghe issue.The theoriesexplaining
theresultsof sacralroot neuromodulatiorall derivefrom

the clinical observations.The activation of spinal
inhibitory pathwaysthrough stimulation of the afferent
inputin the S3root canaccountfor a partial explanation
in the urgegroup[16—18]. Thereshouldalsobe another
type of modulation, rather than just a temporary
activation of spinal inhibitory reflex that occurs with

continuousneural stimulation. This is indicatedby the
persistencef the responsén someof our patientswhen
the stimulationwasturnedoff for variableperiodsafter6

monthsof implantation[5,8].

The substantiaimprovementin the associategelvic
pain and discomfortmay give an additionalclue to the
mechanismof action. The latter observationcan be
explainedby the gatetheoryfirst proposedoy Melzack
and Wall [19]. They suggestedhat pain perceivedto
have a visceral origin could be blocked by converging
impulsesarising from a somaticorigin and suppliedby
the samedermatomeThis is supportedoy the work of
Birder and de Groat [20], who demonstratedthat
electrical stimulation of the pelvic or pudendalnerve
afferentaxonsincreaseghe expressiorof c-fos protein
(proto-oncogene)n the same spinal areasthat show
increasedt-fos expressiorsecondaryto noxiousstimuli
arising from the bladderand the urethra[20]. In other
words, these two inputs converge on the same
dermatomeln fact, we startedto obtain someevidence
from the basic research aspect that sacral root
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neuromodulatiorblocks the pathologicalreflexesfrom
the bladderand pelvic floor mediatedby the C-afferent
fibers (unpublisheddata).

The explantationof the mechanisnof actionis even
moredifficult in patientswith chronicretention.Thereis
a generalagreemenin the literature that thesepatients
lack control of their pelvic floor [4], andit is believed
that neuromodulationmay function by directing the
patientto relocalizeher pelvic floor andhenceregainthe
ability to relax it and initiate micturition, especiallyas
most of thesepatientsregainedcontrol of their pelvic
floor [21]. Detrusorcontractionthroughdirect stimula-
tion of the autonomicefferentscannotaccountfor this
improvemenin thosewith retentionbecauséhe current
usedis of a very smallamplitudecomparedo that used
to induce detrusorcontraction[14]. Vapneket al. [6]
theorizedthat thereis an overinhibition of the voiding
reflex through certain pathological reflexes, which
becomeinhibited by neural stimulation. This theory is
basedagain on observationsof the inability of these
patients to relax their pelvic floor. This theory is
supportedoy the work of Wall [22], who presentedhe
enhanced afferent theory, demonstrating that the
responsethresholdof a certain nerve can be lowered
by a chronic noxious stimulus,which can be a chronic
strain. This mayresultin the long termin anincreasdn
this aberrantfeedbackto the spinal cord, which in turn
canresultin a stateof spasticreflexesor inhibition of
behavior. Lastly, neuromodulationmay increase the
awarenes®f the patientto their pelvic floor, enabling
themto relaxit to initiate micturition [6,14].

TherapyResults

It hasbeenshownfrom our experienceandthatof others
that sacralroot neuromodulatioris an effective therapy
for patients with chronic idiopathic non-obstructed
retention, urge incontinence, and urgency frequency
syndrome. Associated pelvic pain also improved
significantly in thesepatients.This makesthe therapy
appealingfor patientscomplainingprimarily of chronic
pelvic pain. Many of thosewith urge incontinenceand
urgency—frequencysyndromefit the criteria of inter-
stitial cystitis or interstitial cystitis-like syndrome.This
could be an additionalindication to be exploredin the
future, especiallyas none of the currenttherapiesfor
thesetwo entitiesis effective. The last two indications
havebeendiscussedin two different articles[7,9].

Thereis ageneralagreemenin theliteraturethat PNE
is an essentiaktepbeforeimplanting the patientwith a
permanentprosthesis[3,6-11,12]. It provides a true
imagefor both the patientandthe physicianof whatto
expect after having the permanentimplant. In our
opinion it is a milestonein therapybecausdt not only
savesthe patientunnecessargurgery,it alsoincreases
the cost-effectivenessf the treatment.

The effect is also long-lasting: the initial good
responsewas shown to persistas long as the patient
hastheimplant[5,8]. In fact, we havea follow-up of as
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long as 7 yearswith no deteriorationin responsewith
time. On the other hand, patients need the electro-
stimulationto maintain the responseeven after a long
period of implantation. We switched off the IPG 6
monthsafterimplantationto testwhetherthe responsés
due to behavioraltraining, but all patientsreturnedto
baselineaftera variableperiod,extendingup to 6 weeks.
This finding indicatesthat the responsds relatedto a
form of neuromodulationthat needssometime to be
reversedandis not dueto behavioraltraining. A strong
indicatorof this is thatall the patientsfailed to maintain
their responsafterfew daysof turningoff the stimulator
[5,8].

The stimulation parametersand the active electrodes
usedneedto be changedseveraltimes during the first
few weeks until healing is complete, after which no
further major changesare needed.The introduction of
the ‘Interstim’ IPG allowed the patientto changethe
current amplitude using a handheldexternal program-
mer, within a presetlimit, which led to a dramatic
decreasén office visits. Basically, all patientsneedthe
stimulatorto be turnedon continuously.Turning it off
doesnot necessarilystop the responseanstantaneously:
usuallythis startsto deteriorategraduallyuntil it reaches
baseline,after a variable period. Neverthelessmost of
the patientsneed a few hours or days to reach the
maximumresponseafter turning on the stimulatoragain.
The parametersisedwere monopolarstimulationand a
210 us pulsewidth. We areawareof otherinvestigators
who used bipolar stimulation. Frequency change
producedno differencein patientresponseWe useda
frequencyof 5-20Hz. The currentwassetto the lowest
amplitudeto give a sensationn the perineumandat the
sametime not so high as to causediscomfort. In the
Interstim systemthe patientcan adjustthe amplitudeto
reacha comfortablezone. The amplitudeis set by the
physician to not exceed certain limits so to avoid
inadvertentoverstimulation.

Cost-Effectiveass

Cost-effectivenesss a major issuewhenit comesto a
prostheticimplant. Although no study concerningthis
pointis available,someconclusionsanbe extrapolated
from previousstudiesand our observationsCurrently,
cost-effectiveness not anissueasmostof the patients
who have been implanted worldwide have been
refractoryto all different kinds of therapy.The success
of this modality will leadto a relaxationof the inclusion
criteria and indications. We expectthat cost-effective-
nesswill thereforebecomean issue,especiallyas the
patient will be given the choice between different
modalitiesof therapyfrom the start. For a study to be
fair regardingcost-effectivenessseveralaspectshould
beincludedin the analysis.In additionto the direct cost
of the therapy, indirect costs should be taken into
account,including quality of life, productivity, social
involvement, the occurrence of complications and
morbidities, and the use of additional equipmentsand
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accessorie$o help the patientdeal with their problems
socially. If all theseaspectareincludedin the analysis,
we believethatthis type of therapywill proveto becost-
effective. The stratificationof the patientsinto respon-
dersandnon-respondergy the PNE beforeimplantation
dramaticallyimprovesthe cost-effectivenes especially
when this type of prosthesisis comparedto other
prostheticimplants for which a screeningtest is not
available.

Conclusion

We strongly believethat sacralroot neuromodulatioris
an effectivemodality in the treatmentof variousvoiding
andstorageproblems ts relative simplicity andthe low
complicationrate hasmadethis conceptof therapyvery
appealingto add to the standardoptions that can be
offeredto patientswith theseindications.Finally, sacral
root neuromodulatiorcan be a regular practiceamong
urogynecologistasit is especiallyeffective in female
patients.
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EDITORIAL COMMENT: Sacralroot neuromodulation is
a relatively newtechniquewith which few urogynecologists
are familiar. Until now, few clinical studies have been
performed on this subject and the mechanismof action is
not yet clarified. It appearsthat this treatment is effective
in patients with urge incontinence and sensoryinstability,

and in those with ideopathic non-obstructive chronic
urinary retention. In addition, patients with chronic
pelvic pain experience significant relief. Percutaneous
nerve evaluation can be usedas a screeningtest to select
patients eligible for this kind of treatment. From the
present study it seemsthat this type of treatment is
restricted to a small group of patients only. The effect of
treatment is not long-lasting: voiding dysfunction returns

as soon as the neuroprosthesisis switched off. It is clear
that more basic and clinical research needsto be done
before this treatment can be introduced as a routine

procedure in patients with serious voiding dysfunction
refractory to conservativemeasures.



