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Abstract

Objective: We studied long term clinical efficacy of sacral neuromodulation (SNM) therapy in 
patients with refractory urgency incontinence (UI), urgency/frequency (UF) and voiding difficulty 
(VD), together with urodynamic data at baseline and six months post implant.

Materials and Methods: Twenty-two patients were implanted with a neurostimulator after a 
positive response to a Percutaneous Nerve Evaluation test defined as a greater than 50% impro-
vement in symptoms.

Results: At five-year follow-up, for 10 out of 15 UI patients the number of incontinent episodes 
and pad usage per day decreased significantly. Two of five UF patients were successfully treated 
with SNM with the number of daily voids for all UF patients decreasing from 25 to 19 and aver-
age voided volume increased from 98 to 212 ml. One of the two VD patients was able to void 
to completion. Mean first sensation of filling (FSF) at the six months urodynamic investigation 
for the UI and UF patients increased from 78 to 241 ml and 141 to 232 ml respectively, and the 
maximum bladder capacity increased from 292 to 352 ml and 223 to 318 ml respectively. Five of 
22 patients underwent device explant and one patient still has an inactive stimulator implanted.

Conclusion: SNM is an effective treatment modality that offers sustained clinical benefit in the 
majority of patients with refractory urgency incontinence, urgency/frequency and voiding dif-
ficulty that do not respond to other, more conservative therapies.
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Introduction

For voiding disorders characterized by symptoms of urgency incontinence, urgency/frequency 
and voiding difficulty, a wide variety of initial treatment modalities are available including beha-
voural techniques such as pelvic floor muscle exercises and biofeedback, pharmacotherapeutic 
options that include anticholinergic and antispasmodic agents, and for complete and incomplete 
retention, clean intermittent (self) catheterization. However, many of these disorders cannot be 
treated successfully with these conservative treatment modalities [1,2] leaving various types of 
invasive surgeries as “last resort” options. For patients with refractory voiding complaints who 
do not respond favorably to conservative therapies, sacral neuromodulation therapies may be a 
valuable option before more invasive and irreversible surgical approaches are applied. 

Sacral Neuromodulation (SNM) is widely accepted as a novel treatment modality for a variety 
of different voiding disorders. In 1988 Tanagho and Schmidt first reported on this therapy [3]. 
Since then, more than 30.000 patients worldwide have received permanent neurostimulators. 
Cure rates from 60 to 100% have been reported in the literature for patients with refractory voi-
ding dysfunctions that include urgency incontinence (UI), urgency/frequency (UF) and voiding 
difficulty (VD) due to chronic non-obstructive retention [4-7].  Although the exact mechanism/
mechanisms of action for SNM is still not fully understood, two hypotheses have been reported. 
Neuromodulation may enhance urethral and pelvic floor tone, inhibiting detrusor overactivity 
thus restoring normal bladder function [8-11], or it may affect bladder function via afferent nerve 
fibers [12].

At the Leiden University Medical Center, Leiden, The Netherlands, patients with symptoms 
of urgency incontinence, urgency/frequency and voiding difficulty (incomplete and complete  
retention) were enrolled in a prospective randomized study evaluating the clinical efficacy and 
safety of SNM. Urodynamic evaluation was a secondary study end point that was performed 
at baseline and six-months post implant and not used to define success but to monitor possible 
changes in bladder and urethral behaviour during stimulation. This present study was part of a 
large multicenter trial (Medtronic MDT-103) and we now report on the long-term efficacy and 
safety results of patients included in our hospital together with the urodynamic changes at six 
months post implant.



Materials and Methods

Patients with voiding dysfunction symptoms refractory to standard physical and medical the-
rapy were included in a large multicenter trial (Medtronic MDT-103). Baseline screening included 
physical examination, detailed medical history, completion of a voiding diary, urodynamic testing 
and quality of life questionnaires (SF-36 and BDI). A Percutaneous Nerve Evaluation (PNE) test 
with a temporary lead (model 041830 Medtronic Inc., Minneapolis, USA) was performed after 
obtaining written informed consent.  A permanent neurostimulator model 3023 (Medtronic Inc., 
Minneapolis, USA) was implanted in patients responding with an improvement of more than 
50% in their main symptoms during the PNE test. The technique used in all patients was an open 
transforaminal surgical technique with non-tined leads, Medtronic #3080 (Medtronic Inc, Min-
neapolis, Minnesota, USA) with a fixed anchor, anchored to the periosteum. The 3080 lead has 4 
equal length electrodes, equally spaced. All implants were performed unilaterally after completion 
of a positive PNE (i.e., no staged approach). Unipolar stimulation was used where the implanted 
neuropulse generator was positive and one of the four electrodes was negative. Parameters were 
evaluated every six months during regular follow-up and were changed only in case of lack of 
efficacy or adverse events.

Urodynamic evaluation was performed at baseline and at six months after implant and included 
simple uroflowmetry with residual determination and filling cystometry with a detrusor pres-
sure/flow study. Patients completed a voiding diary at baseline, during and after the PNE test, at 
one, three, and six months follow-up and thereafter at every other half-year follow-up visit after 
implantation to document voiding habits and symptoms. In addition, patients rated the severity 
of their leaking episodes on a scale of 0 to 3 (0=dry, 1=mild, 2= moderate and 3=heavy).  In 
our hospital, filling cystometry was performed with the MMS UD 2000 (Medical Measurement  
Systems, Enschede, the Netherlands) and a Gaeltec CTU/2E/L-4 12F (Gaeltec Ltd, Dunvegan, Isle 
of Skye, Scotland) microtip catheter.

Statistics
Comparison of test results was completed using a two-sample Student’s t-test.  Results in the 
figures are presented as mean ± standard deviation. Statistical results were adjusted according to 
the equality of variances and for multiple comparisons of the data.

Results

Twenty-two patients, 21 females and 1 male, were implanted with a permanent neurostimulator 
after responding successfully (>50% improvement in main symptoms) to the PNE. Seventeen 
patients (77%) succeeded on the first PNE, three patients underwent two test evaluations, while 
the remaining two underwent three test evaluations before becoming a candidate for perma-
nent implantation. Reason for this was test lead displacement or some but unsatisfactory results. 
Fifteen patients suffered from refractory urgency incontinence (UI), five from urgency/frequency 
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(UF) and two from voiding difficulty (VD) due to chronic, non-obstructive urinary retention requiring 
intermittent self-catheterization. Mean age at study enrolment was 45.7 years (range 31-58) and 
mean duration of symptoms was 8.5 years. No significant changes were seen in quality of life in all 
patients post implant.

Urgency incontinence (UI)
Twelve out of 15 patients implanted for UI reached their five-year follow-up, one patient was 
considered a late failure and two were explanted after 17 and 20 months. One of these explanted 
patients died nine months after the explantation due to a non-treatment related cause. One out 
of three failure patients with UI had progressive fecal incontinence due to an unknown neurolo-
gical cause and another had a severe progressive psychiatric disorder. These three failure patients 
were included in the analysis. Based on voiding diary data, UI patients showed statistically signi-
ficant improvement in their symptom reduction. At five-year follow-up, the number of inconti-
nence episodes per 24 hours decreased from 11.6 to 3.7 (p=0.002) and the number of pads used 
per day from 6.9 to 2.5 (p=0.004). The severity of leaking episodes decreased from an average of 
2.2 at baseline to 1.9. At five-year follow-up, 10 out of 12 patients (83%) had more than 50% 
improvement in symptoms, including two patients who were completely dry.

Urodynamic data, available for 11 UI patients at six months post implant, showed an increase of 
mean first sensation of filling from 78 to 241 ml (p=0.0008) corresponding with 30% and 72% 
of bladder capacity respectively (Table 1). No significant changes were observed in simple uro-
flowmetry data (Table 2).
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*Statistical Comparison: paired t-test 

Table 1. Water Cystometry: Baseline through 6 months, all implanted Urgency Incontinence patients

Avg. at 
Baseline

Avg. at six 
months

p-value*

First Sensation of Fullness (FSF)
Bladder Volume (ml)

Maximum Bladder Volume 
prior to void (ml)

Detrusor pressure prior to void 
(cm H2O)

Bladder Volume at FSF
(% of bladder capacity)

78.0 ± 77.4

292.4 ± 105.8

30.0 ± 15.1

240.6 ± 162.9

352.8 ± 180.5

21.5 ± 12.1

0.0008

0.13

0.18

Urodynamic Test Variable

n

11

11

11

30.0 ± 30.2 71.8 ± 29.0 0.001711



Urgency/frequency
Three out of 5 patients with UF attended a five-year follow-up visit and two were explanted (one 
male patient and one patient with a positive response but postoperative complaints of “swol-
len abdomen”). The treatment was unsuccessful in one patient (who also had progressive fecal 
incontinence of unknown etiology, which resulted in urinary and fecal diversion). SNM was suc-
cessful in two patients (67%) at five-year follow-up as measured by average voided volume per 
void. According to the voiding diary data, the average voided volume per void increased from 98 
ml to 212 ml and the number of voids per 24 hours decreased from 24 to 11. 

In all five patients, at the six months urodynamic evaluation, the mean first sensation of filling in-
creased from 141 ml to 232 ml (p=0.18) and maximum bladder capacity increased from 223 ml to 
318 ml (Table 3). Simple uroflowmetry did not show significant changes at six months follow-up 
(Table 2). Due to the small sample size the results of SNM treatment were not statistically signifi-
cant, even though clear clinical benefit could be demonstrated in two out of the five patients.
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Table 2. Simple Uroflowmetry: Baseline versus 6 months for 7 patients with Urgency Incontinence and 2 with 

Urgency/Frequency symptoms

Avg. at 
Baseline

Avg. at six 
months

Peak flow rate (ml/sec)

Mean flow rate (ml/sec)

Total voided volume (ml)

Flow time (sec)

n

7

7

7

7

Urgency Incontinence       Urgency/Frequency

16.93 ± 6.34

7.20 ± 4.44

211.43 ± 89.79

6.57 ± 6.53

16.16 ± 9.78

5.74 ± 2.52

192.57 ± 106.54

8.57 ± 4.76

n

2

2

2

2

17.50 ± 7.78

7.50 ± 4.95

133.00 ± 18.38

6.00 ± 1.41

15.00 ± 2.83

5.50 ± 0.71

276.00 ± 90.51

8.00 ± 2.83

Avg. at six 
months

Avg. at 
Baseline



Voiding difficulty
Five-year follow-up was available for the two voiding difficulty patients. One patient was able to 
void to completion without catheterization, while the other had less than 50% improvement in 
reduction of the residual volume.  
 
Adverse events/Failures
Since study enrolment, five out of 22 implanted patients (two UI, two UF and one VD) underwent 
device explantation. The mean time to device explant was 20 months (range 15-26).  Reasons 
for device explant were lack of efficacy in two patients and pain at the neuropulse generator site 
in two patients. The fifth patient who complained of a  “swollen abdomen” during stimulation 
which failed to respond to conservative therapies was advised to undergo explantation of the 
device despite a good response to SNM treatment. One patient, considered a treatment failure, 
still has the inactive neurostimulator in place. Data from all of these patients was included in the 
analysis of efficacy. All failure patients (except for the patient with the complaint of “swollen ab-
domen”) underwent revision operations that consisted mainly of repositioning of the electrode. 
Dislodgement of the electrode array, rendering it refractory to reprogramming, was found in one 
case of lack of efficacy. Electrode repositioning/replacement was required to regain clinical benefit 
once again. During the five-year follow-up, five of the 13 successfully treated patients underwent 
electrode repositioning because of diminishing results.
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*Statistical Comparison: paired t-test 

Table 3. Water Cystometry: Baseline through 6 months, all implanted Urgency Incontinence patients

Avg. at 
Baseline

Avg. at six 
months

p-value*

First Sensation of Fullness (FSF)
Bladder Volume (ml)

Maximum Bladder Volume 
prior to void (ml)

Detrusor pressure prior to void 
(cm H2O)

Bladder Volume at FSF
(% of bladder capacity)

142.2 ± 40.8

223.0 ± 64.5

15.2 ± 8.9

231.8 ± 148.0

318.2 ± 121.0

13.2 ± 8.64

0.18

0.11

0.70

Urodynamic Test Variable

n

5

5

5

66.3 ± 20.9 68.3 ± 37.6 0.875



Discussion

The present study expands the already available evidence on the long-term efficacy and safety of 
SNM for the treatment of refractory UI, urgency/frequency syndromes and non-obstructive urinary 
retention [12,13].  Clinical efficacy has been reported to be as high as 100% in different studies, 
depending on patient selection, symptom severity and the reported follow-up time. As previously 
reported by other investigators, the success rate (more than 50% improvement) in our series de-
creased to approximately 60% at the long-term follow-up of five years. The reason for this is not 
fully understood by us since these patients were selected for implantation based on their positive 
response to SNM during PNE testing.  However, all patients implanted were severely affected by 
their urological disorder, which lasted for more than 8.5 years, on average, and for which they had 
undergone more than 36 surgical procedures without success. If this therapy had not been offe-
red to this group of patients, many of them would have been considered candidates for bladder 
augmentation or urinary diversion, irreversible surgical procedures. In fact, three out of five SNM 
treatment failures from this study have already undergone urinary diversion surgery. 

It is recognized that one of the challanges of SNM therapy is patient selection. Not all patients with 
a successful PNE test that uses temporary electrode, show benefit on implantation of a permanent 
neurostimulator. However, the new technique that requires immediate implant of a permanent 
tined lead aims to avoid lead migration and allows prolonged patient testing/screening [14]. This 
testing is much more reliable and ensures a better positive response rate and less re-operations. 
The percentage of patients proceeding to permanent implantation of the INS is almost doubled 
when using the tined lead as compared to the temporary PNE test approach [15]. Much research 
is being done to find more objective parameters that could predict and improve patient outcomes 
[16]. Considering urodynamic changes clinical results are often better than expected. This may 
indicate that the urodynamic parameters that we are focused on are not the true parameters to 
monitor efficacy or the mode of action of SNM.

In our study, when we excluded the two explanted and the one true-failure patient, four UI pa-
tients (33%) were completely dry and an additional six (50%) had more than 50% improvement 
at three year follow-up, when compared to baseline. At five-year follow-up, two (17%) patients 
remained dry while another eight (67%) had more than 50% improvement, resulting in a total 
success rate of 83%. When we include all failures, the total success rate (>50% improvement), at 
five-year follow-up, was 67% (10 out of 15 patients). 

The majority of published data on the subject of SNM for urinary disorder reflects only short 
term results, while only a limited literature on the long term results demonstrates similar success 
rates as we present here from our institution. Shaker and Hassouna cured 44% of refractory UI 
patients with SNM; an additional 22% had an average of one leakage episode or less per day. 
All 18 patients were treated successfully in this study with an average follow-up of 18.8 months 
[17].  Successful treatment was reported in 68% of 44 patients with refractory UI, three-years 
post implant by Weil et al. [18]. Bosch and Groen reported a cure rate, defined as more than 90% 
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improvement in incontinence episodes, in 18 out of 45 patients (40%) with refractory UI with 
detrusor overactivity and an additional partial success, defined as 50% to 90% improvement in 
pad use and/or incontinence episodes, in 9 (20%), at an average follow-up of 47.1 months [19]. 
A greater than 50% improvement in presenting symptoms and quality of life for refractory uri-
nary UI is reported by Latini et al. [20]. A significant decrease in pad use and number of leaking 
episodes after one-staged or two-staged InterStim Model 3023 (Medtronic Inc., Minneapolis, 
USA) implants was seen in 90% of patients. The follow-up for this study was relatively short, 
however.

Treatment was successful in two out of five of our UF patients. For these patients, the voiding frequen-
cy had decreased significantly, at five-year follow-up. When we disregard the two explanted failures, 
dramatic clinical benefit in the other patients was demonstrated (number of voids decreased from 
24 to 11), which is congruent with the data previously reported in the literature [5]. A similar clinical 
outcome was noted by van Voskuilen et al. [21].  In their group of 107 patients treated with SNM for 
urgency, 63.6% showed a good result. Mean time for follow-up for these patients was 69.8 months. 

Our study included only two retention patients of whom one was able to void without clean, 
intermittent, self-catherization at five-year post implant. SNM treatment in idiopathic non-ob-
structive chronic urinary retention was reported as successful in all 20 patients studied by Shaker 
and Hassouna.  Post-void residual urine decreased from 78 to 10% of total urinary output at 15 
months follow-up [22]. Another study, performed by Vapnek and Schmidt showed clinical success 
in five of seven patients (71%) with non-obstructive urinary retention [23]. Van Voskuilen found 
good results in 76.2% of 42 patients treated with implant of a neurostimulator because of non-
obstructive urinary retention [21]. 

Subjective and/or objective clinical benefit of various treatment modalities for voiding dysfunc-
tions are often not supported by significant urodynamic changes [19,24,25].  To better select 
patients who will benefit from SNM we need to understand its mode/modes of action and know 
which urodynamic studies correlate with improvement in clinical outcomes. In our study, FSF (first 
sensation of filling) appeared to be the most subtle parameter to monitor SNM therapy. Predictors 
of success for SNM therapy have been studied intensively. Recently, Cohen et al. reported on 
predictors of success for first stage neuromodulation. They concluded that motor response may 
be a better indicator than sensory response in predicting a positive outcome during intraoperative 
lead placement of a neurostimulator [26].  Groen et al. published on the urodynamic changes 
seen after SNM therapy. Using volume independent parameters in women with idiopathic detru-
sor overactivity, no effects on urethral resistance and bladder contraction strength during voiding 
were found [27].  For our study in UI patients, we did not discriminate between those with or 
without detrusor overactivity.  However, it is our impression that SNM is more successful in UI 
patients who do not show detrusor overactivity compared to those with detrusor overactivity 
(unpublished data). 
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Conclusions

In recent years, new indications for neuromodulation are being investigated and results look 
promising [28-34]. To date, SNM is an effective treatment modality that offers sustained clinical 
benefit in the long term in the majority of selected patients with refractory UI, UF and VD who 
have failed prior treatments [35,36]. Although the numbers are small, the data presented in this 
study show that patients with UI seem to benefit the most, when compared to patients with UF 
and idiopathic VD. Due to very small sample size, no conclusions can be made concerning our 
VD patients data. Patients were selected for permanent implant when an improvement of > 50% 
was observed in their main symptoms during PNE test. However, it should be stated that a few 
patients, even though successfully trialed with PNE, will have long-term failures.  
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