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Abstract

Introduction: Since the marketing of the percutaneous permanent
tined leads (PPTL), many centres rely solely on these instead of
the percutaneous nerve evaluation (PNE) as a screening tool. At
our centre, we routinely perform PNE. Moreover, with our limited
hospital resources, we have adopted a stricter definition of success
in the patient selection process using an improvement of more
than 60% as a cut-off point. This study presents our experience
with sacral nerve stimulation using PPTL as an adjunct to PNE to
improve the outcome of the screening method for patients suffering
from refractory voiding dysfunction.

Methods: We reviewed the charts of 106 patients who underwent
a PNE between 2001 and 2008. The outcome of the procedures,
the complication rates and its long-term effect were reviewed.
Results: Overall, 116 PNE were performed and it was successful
in 54%. Forty-five out of the 62 patients with a successful PNE
underwent the stage | procedure. Of these, 93% had a successful
stage | and were later implanted with the implantable pulse genera-
tor (IPG). The remaining 12 patients underwent the simultaneous
implantation of the PPTL and IPG using the open procedure and
it was successful in 10 of them.

Conclusion: The PNE is a good adjunct to the staged procedure
to select the appropriate candidates for sacral nerve stimulation,
especially with limited resources.

Introduction

Sacral nerve stimulation (SNS) was originally developed by
Tanagho and Schmidt." It is done in a stepwise fashion. The
2-stage procedure was first described by Janknegt and col-
leagues.? In this procedure, patients were first implanted with
a temporary lead in the sacral foramina (percutaneous nerve
evaluation-PNE) followed by the simultaneous implantation

of permanent lead and subcutaneous implantable pulse gen-
erator (IPG) after a successful first step. The procedure was
then modified by Spinelli and colleagues.® In this modified
procedure, patients were implanted with a percutaneous
permanent tined lead (PPTL) connected to an external pulse
generator (stage 1) followed by the implantation of the IPG
(stage II) after a successful stage I. A stage success, arbitrarily
defined as at least a 50% improvement in symptoms, meant
that the patient would be offered the next step.

Since the marketing of the PPTL, many centres rely solely
on the PPTL as a screening tool. Unfortunately, they are
more expensive and more invasive than the PNE. To lower
the cost and to improve the outcome of SNS at our centre,
we perform a 3-stage technique where a PNE is done before
the other permanent steps, serving as a screening tool. We
have also adopted a stricter definition of success - improve-
ment of more than 60% as a cut-off point. We present a ret-
rospective long-term evaluation of our experience with SNS.

Methods

After obtaining the approval of our institutional review
board, we performed a retrospective study to evaluate the
outcome and the long-term efficacy of SNS. We reviewed
all patients who underwent a PNE for refractory voiding dys-
function between 2001 and 2008 at our center. All patients
underwent a preoperative assessment which included a his-
tory and physical examination, urine culture and a 7-day
voiding diary. Parameters studied in the diaries included
voiding frequency, voided volume, number of incontinence
per day, number of protection or catheterization needed per
day, urine volume per catheterization and quantification of
pain on visual analog scale. Data were collected based on
bladder diaries.

Candidates underwent a PNE for a period of 5 to 7 days.
The procedure was performed based on the description by
Thon and colleagues.* The procedures were done under local
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anesthesia to determine the proper position of the electrode
based on motor and sensitive responses and the lead was
inserted unilaterally in one of the sacral foramina (usually
S3). Patients were then given general precaution measures
to avoid displacement of the electrode. Patients who showed
an improvement of more than 60% of their symptoms on
one of the voiding diary parameters were offered the next
step. Patients who showed a suboptimal improvement (i.e.,
<60%) were either suggested an alternative treatment, a
second PNE or a stage progression based on their prefer-
ence. Patients with a suspected lead migration based on
the clinical evolution (i.e., temporary initial improvement,
disappearance or change in the stimulation responses) were
offered a second PNE trial or a phase progression. Patients
who showed no improvement, while having the adequate
stimulation or motor and sensory responses, and those
who did not like the stimulation sensation were offered an
alternative treatment.

Candidates who underwent a successful PNE before 2003
were operated on using the open procedure as described
by Janknegt and colleagues,* where the permanent lead
and the IPG were implanted at the same time (PPTL were
not yet available at that time). Candidates operated on after
2003 were implanted with the PPTL under local anesthesia.
Details about both procedures are documented.'* Patients
who sustained an improvement of more than 60% after the
evaluation period were proposed the stage Il procedure,
where an IPG is implanted in the buttock’s region over the
iliac crest. The lead was removed in the others. A treatment
algorithm was developed (Fig. 1).

Patients were seen 4 weeks after the final step, then every
6 to 12 months as needed. During these visits, the patient’s
response was evaluated and the neurostimulation parameters
were checked and adjusted for optimal symptoms relief.

SPSS version 17.0 statistical analysis software (SPSS Inc,
Chicago, IL) was used to analyze and compare the different
data. Data were summarized using the adequate descriptive
statistics.

The mean age of the population was 56 + 11 years old.
There were 70 women (66%) and 36 men (34%). Patient
indications for PNE are summarized (Table 1). Of the 106
patients, the PNE was repeated in 10 of them. The reasons
for the repeated procedure were a suspicion of lead migra-
tion in 8 patients and a trial at bilateral lead stimulation in
the others. Overall, 116 PNE were performed with a suc-
cess rate of 53% (62/116). The outcome of procedures were
recorded (Table 2).

Thirteen failures (11%) were suspected to be due to elec-
trode’s migration (11 after first PNE, 2 after second attempt).
Of these, 8 underwent another PNE while the remaining 5
(3 after first attempt, 2 after second attempt) underwent the
installation of the PPTL after having showed a temporary
initial improvement. Stage | was successful in 4. The oth-
ers showed the appropriate clinical sensation, but lacked
symptom relief and were thus deemed failures.

Of the 62 patients with a successful PNE, 45 (73%) under-
went the implantation of the PPTL, while 12 patients (19%)

PNE

Y Y Y
Suboptimal or .
Success migration of electrode Failure
I } } } } } !
Open Second PNE Alternative .
Refusal PPTL procedure (unilateral vs. PPTL Tx Alternative Tx
bilateral)
s Alternative S I Alternative Definition:
tage Il Tx tage Tx Sucess = improvement of >260%

Suboptimal = improvement of <60%
Failure = No improvement with adequate
motor/sensory response

Fig. 1. Treatment algorithm.
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Table 1. Indications for PNE implantation

N (%)
i(?]\(/:z:ici;rt]i(\e/:ck:adder + urgency urinary 45 (42.5)
Urinary frequency 11 (10.4)
Non obstructive urinary retention 24 (22.6)
Painful bladder syndrome/interstitial cystitis 26 (24.5)
Total 106 (100)

PNE: percutaneous nerve evaluation.

underwent the open procedure. Five patients (8%) refused to
go on with the procedures because of the potential nuisance
that could result from the treatment. Of the patients with a
successful PNE and who underwent the stage | procedure
(PPTL), 93% (42/45) had a successful trial and the improve-
ment was sustained after the stage Il in all of them. Ten
patients (83%) had a successful outcome when the open
procedure was used.

Seventeen patients (16%) had a suboptimal improvement
during PNE including 6 who had an improvement of more
than 50% but less than 60%. Of these, 2 underwent a bilat-
eral PNE trial which failed in both of them and after dis-
cussion with the patients, procedures were stopped. Seven
chose to continue with the procedures. Stage | was success-
ful in 4 of them (including 3 who showed an improvement
of more than 50% but less than 60% during the PNE). They
were later implanted with the IPG. All the other patients
chose to stop the procedures. One patient, even though he
showed no improvement after the PNE despite having the
adequate motor and sensitive response, was implanted with
the PPTL. He showed no benefit from the latter and the lead
was removed (Table 3).

Overall, 91% (52/57) of the patients with a successful
PNE and who completed the staged procedures had a suc-
cessful outcome, and 58% (61/106) of those who underwent
the PNE evaluation completed the staged procedures (Fig. 2).

After a mean follow-up of 53.1 months (range: 9-109),
75% of the patients (46/61) implanted with the IPG reported
a subjective improvement of more than 60% from their initial
complaint (median subjective improvement of 80% (range:
65-100). This information was unavailable for 8 patients.

In all, 16 adverse events (26.2%) were reported during
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the follow-up period (Table 4). Thirteen surgeries were
needed in 9 patients (14.8%) after the implantation of the
IPG and 5 devices (8.2%) needed to be explanted, includ-
ing the 2 patients who failed the open procedure (Table 5).
Five patients had their battery replaced after an average of
85 months (range: 81-96).

Discussion

thought to be a better predictor of progression to IPG than
the PNE. The PPTL allows for a longer screening period, has
a lower migration rate and if successful the lead is already in
place. Our 53% PNE success rate is comparable to the rates
in the literature, which vary between 35% and 70%.51° A
reason for this low result was the high rate of lead migration.
According to Weil and colleagues,' this rate is at least 20%.
However, we found that by properly securing the electrode
and by giving precaution measures, this rate could be low-
ered (11%). We believe that to improve its efficacy, it is
primordial to do the procedure under local anesthesia to
locate the adequate stimulation site guided by the patient’s
feedback. The test should be repeated when a lead migration
is suspected. In our opinion, patients who lacked clinical
response while feeling the adequate stimulation or contrac-
tion should be considered for alternative treatment.

A recent study by Borawski and colleagues' stated that
PPTL was a better predictor of progression to IPG then the
PNE (88% vs. 46%) among patients suffering from refrac-
tory urge incontinence. Other studies in favour of the PPTL
reported similar rates (67%-80%).>”'%'* We reported a 56%
progression rate to IPG when the PNEs were used. However,
when only successful tests were considered, 91% of patients
were subsequently implanted with the IPG. This value is
higher than those reported previously with failure rates vary-
ing between 21% and 51% after a successful PNE."*'> We do
not dispute the fact that stage | seems to be a better predictor
of progression to IPG than the PNE. However, even though
it is not perfect, the PNE still has its place as a screening
instrument mainly because it is less expensive (about $2150
vs. 295%) and less morbid than the PPTL while providing
acceptable results. It is also useful to weed out patients who

Table 2. Outcome of procedures after successful PNE trial according to diagnosis

Pz Successful Refusal after successful Successful Failure of Successful 2-stage Failure 2-stage
PNE (%) PNE or PPTL (%) PPTL (%) PPTL (%) procedure (%) procedure (%)
OAB + UUI (45) 30 (67) 1(3) 20 (67) 1(3) 7 (23) 1(3)
Frequency (11) 7 (64) 1(14) 3(43) 0 (0) 3(43) 0 (0)
NOUR (24) 6 (25) 1(17) 5 (83) 0 (0) 0 (0) 0 (0)
PBS/IC (26) 19 (73) 2(11) 14 (74) 2 (11) 0 (0) 1(5)
Total (106) 62 (59) 5 (5) 42 (38) 3(3) 10 (9) 2(2)

OAB: overactive bladder; UUI: urgency urinary incontinence; NOUR: non-obstructive urinary retention; PBS: painful bladder syndrome; IC: interstitial cystitis; PNE: percutaneous nerve evaluation;

PPTL : percutaneous permanent tined lead.
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Table 3. Outcome of the permanent implant stage
according to the results of the PNE

Table 4. Adverse events

N (%)
Success (%) __Failure (%) Permanent lead problems 3(4.9)
After successful PNE — Migration 2
~ PPTL trial (n=45) 42 (93) 3(7) _ Fracture ]
— Open procedure (n=12) 10 (83) 2(17)
After suboptimal PNE Infection 2i(53)
- Bilateral PNE (n=2) 0(0) 2 (100) - Superficial wound infection 1
— PPTL trial (n=7) 4 (57) 3 (43) — Abscess 1
PNE: percutaneous nerve evaluation; PPTL: percutaneous permanent tined lead. Cease using SNS 4(6.6)
— Refractory painful stimulation 1
cannot tolerate the stimulation or find it too cumbersome. - Lack/loss of efficacy 3
Furthermore, it can be performed under local anesthesia in Pain IPG site 4 (6.6)
an office setting, unlike PPTL which usually requires at least IPG malfunction 2(3.3)
some anesthesia supervision. Hematoma 1(1.6)

We believe that the 3-staged procedure, although more
time consuming, is the best compromise between cost and
adequate patient selection. Furthermore, 4 patients were suc-
cessfully treated with the SNS although they initially showed
a suboptimal improvement rate during the PNE trial. It is
important to inform patients with suboptimal results during
the PNE trial of the higher failure probability. Nevertheless,
because the SNS treatment is last resort, the stage progres-

SNS: sacral nerve stimulation; IPG: implantable pulse generator.

sion is still to be considered and offered as it may still suc-
cessfully relief a patient’s symptoms.

Although, the success rates of the procedures were arbi-
trarily defined as an improvement of more than 50%, we
used a stricter criterion (improvement of more than 60%).

PNE
First try Success Failure
(n=54) (n=62)
A\ 4 + + Y
. . Motor/sensitive .
Overall PNE Success | Success Migration response but no Suboptimal PNE
(n=62) (n=8) (n=13; 16%) clinical improvement (n=17; 16%)
v v v ‘ | L l
R(er:‘igél (EZIEE prcg:%?:iTJre No further treatment l A4 l
8%) 73%) | | (n=12; 19%) '?:Psc)) S’(trff’;' (n=32) Stace 1 No Bilateral
= = (agg) further PNE
¢—-i l—; n= Tx (n=8) (n=2)
Success Failure Success Failure ¢ 1 l
(n=42, (n=3, (n=10, (n=2, Success Failure ¥
0, 0, 0, 0,
93% 7% 89% 1% (n=4) (n=2) Success Failure Refusal Failure
v v (n=4) (n=2) (n=1) (n=2)
Lead v v
St 1l Lead
age Removal Stage Il Removal
Stage Il Lead
Removal
Definition:
Sucess = improvement of >60%
Failure = improvement of <60%

Fig. 2. Results algorithm.
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Table 5. Reoperations

N (%)
Revision 8(13.1)
— Pain (IPG) 4
— Permanent lead migration 1
- Hematoma 1
— IPG malfunction 2
Explantation 5(8.2)
— Loss of efficacy 3
— Pain (IPG) 1
— Abscess 1

IPG: implantable pulse generator

We based our decision on the fact that several studies have
compared antimuscarinics agents to a placebo group and
demonstrated a high placebo effect (up to 62%).''8 It has
been stipulated that the voiding diaries themselves can be
considered therapeutic because they resulted in a behav-
ioural modification. Based on our experience, we have also
found that most patients with an improvement of less than
60% were more likely to be dissatisfied with the outcome
of SNS or to refuse to go on with procedure. Unfortunately,
due to the retrospective nature of this study we have no data
to support our claim.

Our post-implantation complication rate (26.2%) is
lower than those described previously (53% to 67%),'%2"
2 although lower rates (15.5%) were reported by Spinelli
and colleagues.?* Moreover, our explantation (8.2%) and
reoperation rates (14.8%) are also lower than in the other
studies, with rates ranging from 9% to 15%'%"-%""2> and 33%
to 54%,'01921:3 respectively. We also confirmed the durabil-
ity of the effect provided by the SNS as most patients are
still improved after a mean follow-up of 53 months. These
numbers are better than those provided by van Voskuilen
and colleagues,?® who reported good results in 59.7% of
patients, which is comparable to the 71% to 84% success
rate at 5 years follow-up reported by Oerleman and van
Kerrebroeck.”

The limitations of this study are its retrospective nature
and our inability to accurately determine the proportion of
patients defined as failures after the PNE that would have
been improved following a stage | attempt. We assumed this
rate was low because it is improbable that a patient with an
adequate stimulation response and with no symptom relief
would have shown an improvement after stage I. However,
further studies will be necessary to confirm this hypothesis
as this study was not designed to do so.

Conclusion

improve the screening of the appropriate candidates, espe-
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cially when the budget is limited. It is a good compromise
between low cost and high prediction of long-term suc-
cess. A good patient selection enhances clinical outcomes
and reduces complication rates and the overall cost of the
procedure.

Acknowledgement: Special thanks to Dr. Tania Fayad.

Competing interests: None declared.

This paper has been peer-eviewed.

References

1. Tanagho EA, Schmidt RA. Electrical stimulation in the clinical management of neurogenic bladder. J Uro/
1988;140:1331-9.

2. Janknegt RA, Weil EH, Eerdmans PH. Improving neuromodulation technique for refractory voiding dysfunc-
tions: two-stage implant. Urology 1997;49:358-62.

3. Spinelli M, Giardiello G, Gerber M, et al. New sacral neuromodulation lead for percutaneous implantation
using local anesthesia: Description and first experience. J Urol 2003;170:1905-7.

4. Thon WF, Baskin LS, Jonas U et al. Neuromodulation in idiopathic nonobstructive chronic urinary retention.
1 Urol 1991;159:1476-8.

5. Siegel SW. Management of Voiding Dysfunction with an Implantable Neuroprothesis. Urol Clin North
Am 1992:19:163-70.

6. Elkelini M, Hassouna MM. Canadian Experience in Sacral Neuromodulation. Urof Clin N Am 2005;32:419.

7. Spinelli M, Weil E, Ostardo E, et al. New tined lead electrode in sacral neuromodulation: experience from
a multicentre European study. World J Urol 2005;23:2259.

8. Janknegt RA, Hassouna MM, Siegel SW et al. Long-term effectiveness of sacral nerve stimulation for
refractory urge incontinence. Fur Urol 2001;30:101-6.

9. Bosch JLHR, Groen J. Sacral nerve neuromodulation in the treatment of patients with refractory motor urge
incontinence: Long term results of prospective longitudinal study. J Urol 2000;163:1219-22.

10. Blandon R, Gebhart J, Lighter J, et al. Re-operation rates after permanent sacral nerve stimulation for
refractory voiding dysfunction in women. BJU Int 2008;101:1119-23.

11, Weil EH, Ruiz-Cerda JL, Eerdmans PH, et al. Clinical results of sacral neuromodulation for chronic voiding
dysfunction using unilateral sacral foramen electrodes. World J Urol 1998;16:313-21.

12. Borawski KM, Foster RT, Webster GD, et al. Predicting implantation with a neuromodulator using two
different test stimulation fechniques: A prospective randomized study in urge inconfinent women. Neurourol
Urodyn 2007;26:14-8.

13. Cohen B, Tunuguntla HSGR, Gousse A. Predictors of Success for First Stage Neuromodulation: Motor
Versus Sensory Response. J Urol 2006;175:2178-81.

14. Dijkema HE, Weil EH, Mijs PT, et al. Neuromodulation of sacral nerves for incontinence and voiding
dysfunctions: clinical results and complications. Fur Urol 1993;23:72-6.

15.  Hohenfellner M, Shultz-Lampel D, Dahms S, et al. Functional rehabilitation of neurogenic bladder by
chronic sacral neuromodulation. Akt Urol 1996;27:89-91.

16. Kaplan SA, Roehrborn CG, Rovner ES, et al. Tolterodine and Tamsulosin for treatment of men with lower
urinary tract symptoms and overactive bladder: A randomized controlled trial. JAMA 2006;296:2319-28.

17. Herschom S, Jones JS, Oelke M, et al. Efficacy and tolerability of fesoterodine in men with overactive
bladder: a pooled analysis of 2 phase |1l studies. Urology 2010;75:1149-55.

18. Herschom S, Heesakkers J, Castro-Diaz D, et al. Effects of tolteroding extended release on patient
perception of bladder condition and overactive bladder symptoms. Curr Med Res Opin 2008;24:3513-21.

19. Brazelli M, Murray A, Fraser C. Efficacy and safety of sacral nerve stimulation for urinary urge incontinence:
A systematic review. J Urol 2006;175:835-41.

20. Elhilali MM, Khaled SM, Kashiwabara T, et al. Sacral neuromodulation: Long-term experience of one
center. Urology 2005;65:1114-7.

21. van Kerebroeck PE, van Voskuilen AC, Heesakkers JP, et al. Results of sacral nevromodulation therapy for
urinary voiding dysfunction: Outcomes of a prospective worldwide clinical study. J Urol 2007;178:2029-
34,

CUAJ ® December 2011 @ Volume 5, Issue 6 407



Richard et al.

22. Sutherland SE, Lavers A, Carlson A, et al. Sacral nerve stimulation for voiding dysfunction: One institution’s 25. Van Viskuilen AC, Oerlemans DJAJ, Weil E, et al. Long term results of neuromodulation by sacral nerve
11-year experience. Neurourol Urodyn 2007;26:19-28. stimulation for lower urinary tract symptoms: A refrospective single center study. Fur Urol 2006;49:366-72.
23. Oerlemans DJAJ, van Kerebroeck PEV. Sacral Nerve Stimulation for Neuromodulation of the Lower Urinary

Tract. Neurourol Urodyn 2008;27:28-33. Correspondence: Dr. Patrick Richard, Centre Hospitalier Universitaire de Sherbrooke, Division

24. Spinelli M, Bertapelle P, Cappellana F, et al. Chronic sacral Neuromodulation in patients with lower urinary of Urology, 3001 12¢ Av N Sherbrooke, QC JTH 5N4: fax: 819-820-6411: patiick richard@
tract symptoms: Results from a national register. J Ural 2001;166:541-5. Usherbrookle © ! T ! '

408 CUAJ @ December 2011 @ Volume 5, Issue 6





