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PERCUTANEOUS AFFERENT NEUROMODULATION FOR THE 
REFRACTORY OVERACTIVE BLADDER: RESULTS OF A MULTICENTER 

STUDY . 

FREDE. GOVIER, SCOTT LITWILLER, VICTOR NITTI,* KARL J. KREDER, JR.t 
AND PETER ROSENBLATT 

Fr.om the Virgi~iia Ma~on Medical Center, Seattle, Washingt~n, 'f!niuersity of Te.,;~s Southwe~te,:n Medical. Center, Dalla.~, Te.ms, New 
York Un iuers1ty Medical Center, New York, N ew Yorh, Unwersity oflowa Hospitals and Clm tcs, Iowa City, Iowa, a11d Mt. Auburn 

Hospital, Cambridge, Massachusetts 

ABSTRACT 

Purpose: More than 20 million Americans have an overactive bladder, the predominant symp­
toms being frequency, urgency, urge incontinence and pelvic pain. While the etiology is not 
co;rnpletely understood, most investigators believe the causes to be many and the pelvic floor to 
be intimately related. Whatever the etiology, traditional therapies, including dietary manipula­
tion, bladder drill, medications and physical therapy, are often poorly tolerated and/or ineffective. 
We report a prospective, multicenter clinical trial that was undertaken to determine the safety 
and efficacy of percutaneous peripheral afferent nerve stimulation for treatment of refractive 
overactive bladder and/or pelvic floor dysfunction. 

Materials and Methods: A total of 53 patients with overactive bladders, in whom all traditional 
therapy failed, were enrolled in 1 of 5 sites within the United States. Patients received weekly 
percutaneous electrical stimulations via a 34 gauge needle p1aced near the tibial nerve 3 finger 
breadths above the ankle. Urodynamic studies, detailed voiding diaries, quality of life surveys, 
and incontinence impact questionnaires were completed before, during and after the study. 

Results: Of the patients with a mean age of 57.4 years 89% (47 of 53) completed the 12-week 
study. A total of 71 % of patients were classified as treatment successes by the investigators and 
were started on long-term treatment. On average patients noticed a 25% reduction in mean 
daytime and 21 % reduction in mean nighttime voiding frequencies (p < 0.05). Urge incontinence 
was reduced by an average of 35% (p <0.05). Statistically significant improvements were noted 
in selective pain and quality of life indexes. No significant adverse events related to treatment 
were noted in any patients. 

Conclusions: Percutaneous peripheral afferent nerve stimulation offers a safe, minimally 
invasive and effective treatment for managing refractive overactive bladder and/or pelvic floor 
dysfunction. ( 

KEY WORDS: neurotransmitters, bladder, multicenter studies 

The physiology and neuroanatomy of the pelvic floor and the detrusor began in the 1950s.2 The 1960s brought further 
detrusor mechanism are complex and incompletely under- understanding and attempted to influence voiding via stim­
stood.1 Yet the typical urologist sees and treats disorders of ulation of the pelvic3 and sacral nerves.4 •5 The detailed work 
these complex systems on a daily basis, often with limited of Tanagho and Schmidt in the 1970s and 1980s6 paved the 
success. While a variety of diagnoses are made, some of the way for a randomized, prospective multicenter study on sa­
most common symptoms for which our patients seek our help cral stimulation, which was initiated in 1993. This study 
are voiding frequency, urgency, urge incontinence and pelvic involved 76 patient s with refractory urge incontinence who 
~ain. After a thorough detailed evaluation ruling out infec- responded to test stimulation of the sacral nerve roots . A 
tion, ma]j_gnancy and structural abnormality, a significant total of 34 patients received a permanent implant and 42 
Portion of thls group remains undiagnosed. Urologists then received standard medical therapy. At 6 months the severity, 
move to dietary manipulation, bladder drill , medical therapy frequency and number of pads used for incontinence were 
and pelvic floor rehabilitation, and again a significant num- dramatically reduced in patients who received an implant. Of 
her of patients will have bothersome and sometimes debili-
ta_ ting symptomatology which frustrates patients and physi- the implanted group 47% were completely dry and an addi-
c1an8 alike. tional 29% demonstrated a greater than 50% reduction in 

T incontinence episodes. Unfortunately, pain was encountered o our knowledge interest in direct electrical stimulation of 
at the generator site in 15.9% of patients and at the implant 

Accepted for publication October 13, 2000. site in 19.1 %. Lead migration occurred in 7%, and surgical 
. *Financial interest a:nd/or other relationship with Abbott, Boehr-
lll~er Inge.Theim, Merck, Pfizer, Pharmacia Upjohn, ~otein Technol- revisions were required in 32.5% of patients. 7 

0~es, Schwal'Z Pharma and UroSurge, Inc. To our knowledge direct electrical stimulation of the tibial 
. TFinancial interest and/or other relationship with Merck, Pharma- nerve was first reported by McGuire et al in 1983.8 Of 22 

cia Upjohn, Ul·oSurge, Inc. and Zeneca. patients with urge .incontinence 12 (55%) were dry and 7 
. Editor's Note: This article is the fifth of 5 published in this (32%) had improvement after electrical stimulation via a 18SUe for which category 1 CME credits can be earned. In-
stt,u0tions for obtaining credits are given with the questions stick on electrocardiogram type electrode with foam backing. 
on Pages 1264 and 1265. In 1987 Stoller et al reported that intermittent peripheral 
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1194 PERCUTANEOUS AFFERENT NEUROMODULATION FOR REFRACTORY OVERACTIVE BLADDER 

stimulation of the tibial nerve in pig-tailed monkeys could 
inhibit bladder instability and urge incontinence.9 Stoller 
began treating patients in 198_7 ~d rec~ntly submitted his 
results in 98 patients treated w1thmternnttent percutaneous 
stimulation of the tibial nerve during a 10-year period at 
University of California, San Fra.I).cisco (personal ~omm~­
cation). His work resulted in the current, prospective multi.­
center clinical trial to determine the safety and efficacy of 
percutaneous tibial nerve stimulation for refractive overac­
tive bladder and/or pelvic floor dysfunction. 

MATERIALS AND METHODS 

A total of 53 patients were enrolled during a 12-month 
period in a prospective, multicenter clinical trial (see table). 
Ow· primary objectives were to demonstrate the safety and 
efficacy of the percutaneous Sans:j: devi~e for treatmen~ of 
refractive overactive bladder and/or pelvic floor dysfunction. 
Change in mean daytime voiding frequency from baselin~ to 
12 weeks was defined as the primary efficacy end pomt. 
Mean voiding frequency at weeks O (baseline), 4, 8 and 12 
was determined for each patient using a 3-day voiding diary. 
The primary safety end point was defined as a_ cm_nposit_e 
event comprised of moderate to severe pam, obJective eV1-
dence of infection or device malfunction. 

Our secondary objectives were to characterize the multidi­
mensional natUl'e of the effects of modulation, focusing on the 
impact treatment might have on patient episode of urge 
incontinence and pelvic pain. This process was aone by ex­
amining reported changes with time in the ~ympto_ms and 
impact of incontinence on health related quahty of 1ife from 
baseline to 12 weeks. A number of symptom measures and 
quality of life indicators were used. Tertiary objectives of ~ur 
study were to examine the maximal interval of effica?y m~­
tenance for patients on the tapering protocol after discontin­
uation of weekly therapy at the end of the initi~ 12-week 
period. Patients were followed with a patient specific treat­
ment protocol as a means to determine the maximal interval 
of efficacy maintenance. . 

All patients gave a complete his~ory, underwent a phys!cal 
examination and completed a vanety of pre-study question­
naires including a 3-day voiding diary and voiding question­
naire, 'quality of life questionnaire for incontinence,_ incon~i­
nence impact questionnaire, Short Form McGill Pam 
Questionnaire, voiding and pain indexes (a su?set of the 
interstitial cystitis symptom mdex and problem mdex), and 
an SF-36 Health Status Survey (a general quality of life 
questionnaire). Patients were older than 18 years with doc­
umented urgency, frequency and/or pelvic floor dysfunction 
resulting in a mean frequency of at least_ 10 voids. per day 
and/or 3 per night (based on a 72-hour pre-mterve~tion eval­
uation during the screening period). More conventional ther­
apy, that is medical therapy, Kegel exercise, ?iofeedback 8:-lld 
pelvic floor stimulators, had failed in all patients. Exclusion 
criteria included an active urinary tract infection structUl'al 
abnormality or urodynamically proved instability sec~ndary 
to a known neurological condition, that is hyperreflexic ne\l-
rogenic bladder. . . 

After completing a variety of pre-study questionnall'es, 
including incontinence impact, quality of life, voiding, void-

tUroSurge, Coralville, Iowa. 

ing and pain, and 3-day voiding di~, patie~ts ~ave a COii)~ 
plete history .and underwent phys1cal ex~mmatfon, llro<)_y. 
namic studies and cystoscopy. Those patients me~ting al) 
requirements underwent 12 weekly neuromodulation ses. 
sions. 

Peripheral afferent nerve stimul~~on W~S performed Witn 
the patients sitting in a frog-leg position wit~ the soles of the 
feet touching and the knees flexed. The medi~ ~pect of the 
lower extremities were palpated, and a sensitive pressUre 
point was identified approximately 3 finger breadths cepha­
lad from the medial malleolus (fig. 1). This point was about 1 finger breadth posterior from the edge of the tibia. A a~ 
gauge, solid stainless steel ne~dle was ?dv~ced through ,the 
skin with the aid of an overlymg plastic cylinder that was 3 
mm. shorter than the needle. Once the skin was pierced the 
cylinder.was removed, and the needle was advanced approx. 
imately 3 to 4 cm. posterior to the tibia and, if advanced 
further, would traverse anterior to the fibula. The needle 
trajectory was 60 degrees cephalad from a perpendicular line 
along the length of the tibia, advanced towards the patient 
head (fig. 2 . Needles were placed bilaterally in a simil 
fashion. 

An electrocardiogram ground pad was placed over the Ille­
dial aspect of the calcaneus. Asti:mulatorw,as then connected 
to the needle and the ipsilateral ground pad (fig. 3). Stimu­
lation was titrated from O to 10 mA. with fixed pulse 200 
microseconds at frequency 20 Hz. Proper needle placement 
was confirmed with great toe flex:ion and/or fanning or plan­
tar toe flex:ion ofipsilateral digits 2 through 5. The stimulat-0r 
was left with the patient controlling the power setting for 30 
minutes. Therapeutic sessions were once a week for 12 
weeks. If therapy was successful therapeutic treatments 
were titrated according to a patient specific protocol to de­
termin.e the maximal interval of efficacy maintenance. 

Statistical analyses were performed using Wilcoxon's 
signed rank test, and mean and media!1- J:ercen~age ch_anges, 
Analyses were performed using a pnor1 specified dichoto­
mous primary efficacy end point of a 25% decrease at ~eek 1~ 
relative to week O among patients with at least 10 voids per 
day at baseline. Because of the arbitraiiness of the v~lue 25~ 
in defining mean target decrease, secondary analysis exal!l· 
ined multiple cut points. 

RESULTS 

A total of 53 patients who met the entry requirnments were 
enrolled in 1 of 5 sites listed in the table. Mean patient age 
was 57.4 years (range 24 to 80) and 90.2% of patients wer; 
female. A total of 47 patients (89%) completed ~e J.2-we:s 
study. Two patients were exclude? for ~on~ompliance, ~ ~e 
started on anticoagulants (exclusrnn cntena) and 3 qmt 
study at 4, 5 and 6 weeks, respectively. 

12 0Ul' primai·y efficiency hypothesis was that at the end of 
weeks greater than 50o/- of patients treated with the percu-

d · · mean taneous device would have at_least a 25o/~ re uction ~ et 
daytime voiding frequency. Figure 4 dep1cts mean vo1ds_P Pt. 
day by site, all pa~ents and observation~. Random coeffic~ad 
regression analysis showed that all sites exc.ept 104 On 
statistically significa_nt decreases from we~ 0 to 12- ·roe 
average patients at site 104 had ~ decrease m mean d~Jtl

106 voiding frequency but the magrutude was smaller. Site 

Percutaneous Sans study 01 in fall 1999 

Site No. 

101 
103 
102 
104 
106 

Investigator 

Govicr 
Litwillcr 
Rosenblatt 
Kreder 
Nitti 

Institution 

Virgin in Mason Medical Center 
Univol'Sity of Tex/ls, SoiithwllStern Medico.I Center 
Mowit AubUTn Hos·pitnl 
University oflowa Hospitals, Cllntcs 
New York University Medical Center 

Tot,~ 

17 
10 
s 

10 
8 

~ _.::T~o~ta~I~in:'.".v'.=es:'.!·t~ig~at~io~n~a!_:ld~c~v~ic.:_e_::cx~·c~m~p~ti~on~cn~r~ol~In~1c:::.n~t---- ------------- - ------------
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FIG. 1. Locate site with 3 finger breadths cephalad to medical 
malleolus. 

t F1G. 2. Place needle by having patient lie back with so1es of feet 
oge_tber and knees abducted and flexed. PJace guide tube over in­

sertion site at 60 degree angle between ankle and foot. Gently tap 
needle to pierce skin. 

~PJ)eared to have a somewhat greater decrease in mean day­
~e voiding frequency compared with the other investiga-
10na1 device exemption sites. 

The site by slope interaction was quantitative, that is 

9 t 3 

6 
FIG. 3. Attach electrode and lead wire by placing electrode on 

same leg as needle near arch of foot. Connect grabber plug to needle 
on handle portion just above insertion point. Patient will control 
stimulation at comfortable ~evel for 30 minutes. 

effects were in the same direction, rather than qualitative, 
that is varying directions among sites, permitting the use of 
pooled summary measure of average efficiency. Dependent 
on baseline conditions, treatment with the percutaneous de­
vice in the acute treatment phase (12 weeks) resulted in at 
least a 25% reduction or improvement in daytime frequency 
for 55.2% of patients having 10 or greater voids per day (p 
< 0.05): an average 25% reduction or improvement in mean 
daytim,e voiding frequency (p < 0.05), an average 22% reduc­
tion or improvement in mean 24-hour voiding frequency (p 
< 0.05) and an average 70% reduction or improvement in 
excess, that is "mean daytime frequency defined as the mean 
number of voids greater than 10 per patient per day (p 
< 0.05)." 

Figure 5 shows mean voids per night by all site observa­
tions. Random coefficient regression analysis led to the con­
clusions that there were statistically significant decreases in 
mean nighttime voiding from weeks O to 12, and mean de­
creases did not significantly vary among sites. Overall, treat­
ment with the device resulted in an average 21 % reduction or 
improvement in mean nighttime voiding frequency (p < 0.05). 

Figure 6, A represents results from the incontinence im­
pact questionnaire. Additionally, all data on all patients were 
used and again significant decreases were observed that did 
not significantly differ among sites. Overall, patients had a 
35% reduction or improvement in daytime and nighttime 
m·ge in.continence or leak episodes during the 12-week treat­
ment (p < 0.05). Figure 6, B depicts results for the pelvic pain 
intensity score by site. This analysis revealed a statistically 
significant decrease in mean pelvic pain intensity that did 
not vary significantly among sites. Overall, a 30% reduction 
or improvement in these select pain indexes were noted 
(p < 0.05). Figure 6, C shows results of the incontinence 
quality of life questionnaire. Additionally, a significant de­
crease was observed that did uot differ among sites. Overall, 
a 20% improvement in these indexes were noted during the 
12-week period (p < 0.05). Results relating to the 36 question 
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Week 

FIG. 4. Mean voids per day by site with all observations 

Nested Random Coefficients ANOVA Model 
Site by Slope: F= 0.24, df=4,41, p=0.912 
Slope: F= 9.22, df=1,45, p=0.004 -+- Week vs Site 101 
Site: F= 2.45, df=4,42, p=0.061 ··•·· Week vs Site 102 

---. - Week vs Site 103 
~ Week vs Site 104 
-+- Week vs Site 106 

--- - ---- -- ---- ----,.__ 
-:-:·······-... ......... -• .. -· - -= ·--- - ........ - .-··· 

~ -~ -:-::.~ ==e ·- . ·-.. -· 
~ . -- . --·•=-- ·- ..... 

0 4 8 12 
Week 

FIG. 5. Mean voids per night by site with all observations 

social functioning score and the pelvic pain visual analog 
score are not represented. Improvements were noted in both 
of these areas but they were not statistically significant, and 
there was significant site variation in the pelvic pain visual 
analog score. 

There were 3 events that met the definition of a p1imlll'Y 
safety end point adve:rse event , including moderate throb~~g, 
pain at the needle site in 1 patient, moderate right foot pain Ul. 
1 and s tomach discomfort in 1. All events resolved spontane­
ously and did not impact or preclude further patient treatment. 
Of these 4- patients 2 continued in the tapering protocol. The presence of any major adverse events constituted the 

primary safety end point. Other events included were mod­
erate to severe pain as deter mined by the validated pain 
assessment t ool, infection caused by the procedure as de­
tected by erythema or fever, and majoi- device malfunction 
and/or failure. No serious or unanticipated adverse events 
were reported, and in no instances did an adverse event 
result in patien t discontinuance from the study. One event, a 
cardiomyopathy, was classified as serious but it was believed 
not to be related whatsoever to the percutaneous procedure. 

Of the patients 71% were classified by the investigators as 
treatment successes after 12 weeks. Success was defined as 
patients who had at least a 25% reduction in daytime andl~r 
nighttime frequency. These patients transferred into chrolllc 
treatment or tapering protocol. These treatments were cus· 
tomized to each individual patient , with the interval between 
treatment visits lengthened stepwise by intervals of 1 we~ 
until regression of efficiency was noted. Patients continue~~ 
this chronic treatment phase at investigator and patien ' 
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discretion or until Food and Drug Administration clearance. 
We did not have enough data to comment on mean treatment 
interval in this patient group. 

DISCUSSION 

Urologists frequently see patients with overactive bladders 
and pelvic floor dysfurn_:tion. These patients present with a 
multitude of symptoms, are labeled with a variety of diag­
noses a:nd have been subjected t-0 a myriad of treatments, 
often to no avail. Unfortunately, overactive bladder and pel­
vic floor dysfunction are diagnoses of exclusion. We often 
cannot identify them on physical examination, see them 
through a cystoscope or identify them during urodyna:mic 
studies. The proximity of the structures and neuroanatomy 
leads to an overlapping of symptomatology in most individ­
uals. 

The elegant work of Tanagho and Schmidt demonstrated 
the complexity of these systems and the overlapping effects. 6 

In animal models and humans they reported that "detrusor 
activity is suppressed by sphincteric contractions. Thus, en­
hancing tone within the external sphincter will have a sup­
pressive effect upon the detrusor and improve storage." 

In a review article by Fall and Lindstrom it is noteworthy 
that afferent stimulation of anorectal branches of the pelvic 
nerve, dorsal penile nerve and clitoral nerve provides central 
inhibition of the preganglionic bladder motor nevrons 
through a direct route in the sacral cord. 1- Recent work :py de 
Groat showed the cortical neural control of voiding and how 
disruption of this control can lead to bladder overact:iv:ity and 
incontipence. He proposed damage t-0 the central inhibitory 
pathways or sensitization of peripheral afferent terminals in 
the bladder unmasking primitive voiding reflexes that trig­
ger bladder overactivity .10 

To our knowledge until February ·2000, the Inte:rstim§ 
PNE system device was the only Food and Drug Administra­
tion approved transcutaneous stimulator available. While 
the results are dramatic with 4 7% of patients with end stage 
completely dry and 29%with greater than 50% improvement 
in incontinence after implantation, the procedure remains 
expensive, invasive and a third of the patients required sur­
gical revision during the study. 

The percutaneous afferent nerve stimulator offers patients 
and urologists alike a much safer, less invasive treatment 
alternative. An overall 25% reduction in daytime voiding 
frequency is impressive when one remembers that this is an 
average. Each of the centers had patients that did not re­
spond as well as dramatic success stories, similar to the 
Interstim population. Another way to put these results into 
context is to look at the results of tolterodine in a much less 
affected group of patients. Appell found only a 20% reduction 
in. overall frequency in a pooled series of 1,120 patients.11 

Urge incontinence was reduced by an. average of 35% with 
the percutaneous device. When one remembers that approx­
imately 50% of the patients undergoing test stimulations for 
the Interstim device were unsuccessful and, thus, not im­
planted, the percutaneous device results again become dra­
matic. 

CONCLUSIONS 

Our study confirms the safety and efficacy of afferent pe­
ripheral nerve stimulation for patients with refractive over­
active bladders and pelvic floor dysfunction. In a multicenter 
prospective study we demonstrated statistically significant 

§Medtronic, Inc., Minneapolis, Minnesota. 

decreases in urge incontinence, and daytime and nighttun 
voiding frequency. Signilicant improvements were noted . e 
select quality of life, social functioning and pelvic pain ~11 

dexes. The technique is minimally invasive, requires 30 lllin. 
utes per week and was associated with no significant advel"ll 1 

events or safety issues. 0 
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EDITORIAL COMMENT 

This is a multicenter clinical trial study on. percutaneous afferent 
neural modulation as a means of controlling urge incontinence and 
polvic pain. The basic approach was to s timulate a peripheral nerve 
(tibial nerve) 3 fingers above the ankle for 12 weeks. A total of 5_3 
patients were evaluated at 5 different sites. They did set a modest 
goal for themselves that at t11e end of treatment, 50% of the patients 
will have 25% improvement in sympto,rns. They evaluated their 
patients using incontinence i1npact questionnaires, as well as a pel­
vic pain intensity score and quality of life questionnaire. They re­
ported 71 % of the patients achieving success based on the criteria. 

Their approach is re1atively novel but not completely so as it has 
been reported before using the same principle of sacral root sti.rnu· 
lation but inst.ead of aiming at the sacral root itself, using 1 or 
another of its peripheral branches . As expected, it does give so~e 
response but much less than aiming at the sacral :root itself. This 
techniqu_e is minimally invasive and can access neural circuitry 
controlling pelvic floor function as appreciated clinically with urge 
urinary incontinence and pelvic pain. These peripheral nerves maY 
be less specific than if approached through percutaneous sacral 
nerve stimulation. Percutaneous afferent nerve stimulation and sa· 
cral nerve stimulation ai-e not mutually exclusive modalities. Pa­
tients in wnom afferent nerve stimulation fails may subcutaneously 
respond in a favorable fashion with sacral nerve stimulation. 
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