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Effects of Appropriate Prolonged Sacral Neuromodulation
Testing in Improving Implantation Rate of a Permanent
Implantable Pulse Generator in Patients with Refractory

Lower Urinary Tract Dysfunctions in Mainland China

Peng Zhang, Jian-Zhong Zhang, Li-Yang Wu, Xiao-Dong Zhang
Department of Urology, Beijing Chaoyang Hospital, Capital Medical University, Beijing 100020, China

Background: Sacral neuromodulation (SNM) has become an effective method for treating lower urinary tract voiding dysfunction during
the past 20 years. Because of the expensive cost, the number of implantable pulse generator (IPG) implantations per year in China is far
lower than that in Western developed countries since 2012. This study was to summarize the effects of the appropriate prolonged SNM
testing time in improving the implantation rate of a permanent IPG in patients with refractory lower urinary tract symptoms (LUTS) in
mainland China.

Methods: From January 2013 to June 2016, 51 patients with refractory LUTS received SNM therapy. In this study, we compared the
conversion rate 2 weeks after the Stage I test and final actual conversion rate. We also observed the complications (such as pain, infection,
and electrode displacement) and effectiveness. We tried to improve an appropriate prolonged test time which was favorable for improving
the SNM conversion rate while ensuring safety and effectiveness.

Results: Among 51 patients receiving SNM therapy, 19 patients (mean age 45.0 £ 16.9 years) had poor Stage I test results, and on an
average, the electrode was removed 27.4 & 9.6 days after the surgery. In one patient, the electrode was removed within 2 weeks; when
the remaining 18 patients were questioned 2 weeks after testing, none of the patients wanted to terminate the test, and all the 18 patients
desired to prolong the testing time to further observe the treatment effect. The remaining 32 patients (mean age 46.7 £ 15.3 years)
received Stage Il permanent implantation at 19.6 &+ 10.4 days after the surgery. The overall Stage I-II conversion was 62.7% (32/51) in
this study. Within 2 weeks after the surgery, only eight patients received Stage Il permanent implantation, and the conversion rate was
only 15.7% (8/51), which was much lower than the overall conversion rate of 62.7%. Nearly 84.4% (27/32) of the patients received Stage
II implantation within 4 weeks. None of the patients had incision infections. In one patient, the entire system was removed 1 month after
Stage II implantation due to pain in the implantation site.

Conclusions: Appropriate extension of the Stage I testing time of an SNM-barbed electrode could significantly improve the Stage 11
permanent implantation rate in Chinese refractory LUTS patients; there were no wound infections, and the postoperative complication rate
was low. This study recommended that Stage I period of SNM therapy should be 4 weeks according to safety and successful conversion rate.

Key words: Lower Urinary Tract Symptoms; Sacral Neuromodulation; Wound Infection

INTRODUCTION Address for correspondence: Dr. Peng Zhang,

: Department of Urology, Beijing Chaoyang Hospital, Capital Medical
In the past 20 years, sacral neuromodulation (SNM) has University, No. 8, Gongtl South Road, Chaoyang District,

become an effective method for lower urinary.tract voiding Beijing 100020, China
dysfunction that cannot be treated by conservative treatment. E-Mail: seabottlezp@126.com
Although SNM is considered a mature therapy with
confirmed efﬁcacy in Europe and the United States, it is still This is an open access article distributed under the terms of the Creative Commons

n 1 method for th t majorit f patient fferin Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,
a nove cthod 1o € vas ajority ol patients sutiering tweak, and build upon the work non-commercially, as long as the author is credited

and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Access this article online © 2017 Chinese Medical Journal | Produced by Wolters Kluwer - Medknow

Quick Response Code:

Website:
WWW.Cmj.org

Received: 11-10-2016 Edited by: Xin Chen

How to cite this article: Zhang P, Zhang JZ, Wu LY, Zhang XD. Effects
of Appropriate Prolonged Sacral Neuromodulation Testing in Improving
DOIL: Implantation Rate of a Permanent Implantable Pulse Generator in Patients
10.4103/0366-6999.19983 1 with Refractory Lower Urinary Tract Dysfunctions in Mainland China.
Chin Med J 2017;130:439-44.

.Chinese Medical Journal | February 20,2017 | Volume 130 | Issue 4 439




from intractable lower urinary tract symptoms (LUTS) in
mainland China. This therapy was formally introduced
in China in early 2012. The number of implantable pulse
generator (IPG) implantations per year in mainland China
is far lower than that in Western developed countries. In
mainland China, SNM is not yet included in the universal
health-care system, and the entire costs for the two stages
of treatment (nearly RMB 90,000 Yuan) have to be paid
by the patients. Reportedly, the potential cost for SNM
long-term follow-up (such as surgical repair, re-operation, or
replacement of the battery) is also considerable.!) Therefore,
it is crucial for Chinese patients and physicians to improve
the conversion rate of Stage I to Stage II and the long-term
efficiency of SNM as much as possible.

The testing time for the traditional percutaneous stimulation
electrode (PNE) is usually 4-7 days. With the application
of novel barbed electrodes, patients may undergo longer
durations of testing.>¥ Clearly, under the premise of no
complications, a longer testing period of implantation allows
patients to fully experience the treatment effect and to better
understand and accept the therapy, leading to higher Stage I
to Stage II conversion rates. However, both PNE and barbed
electrodes are connected to an extension cord that penetrates
from inside the body to connect to a temporary pulse
generator and implant removal because SNM postoperative
infection is a problem that cannot be ignored. The SNM
perioperative infection rate was reportedly 0—12%,34 and
could be as high as 16% for patients with diabetes.”! To
avoid more complications (such as infections) caused by a
longer testing time, the mainstream literatures recommend
that the Stage I period of SNM therapy should be no more
than 2 weeks. However, recent reports have shown that
appropriate extension of the Stage I can increase the Stage
I-1I conversion rate (76%), without significantly increasing
the incidence of postoperative infection; furthermore, the
reported postoperative infection rate was between 5%
and 7%, which was not higher than that of the group with
standard test times.[*”) We hypothesized that appropriately
extending the Stage I testing period from 2 to 4 weeks
could enable patients to fully experience the treatment
effect. Appropriately extending testing time could be useful
to improve the IPG implantation rate and to reduce their
potential economic losses. This study was to summarize
the effects of the appropriate prolonged SNM testing time
in improving the implantation rate of a permanent IPG in
patients with refractory LUTS in mainland China.

MeTtHoDS

This study received ethical approval from the Institutional
Review Board of Beijing Chaoyang Hospital, Capital
Medical University. Written informed consent was obtained
from each patient or patient’s guardians.

Patients

The 51 LUTS patients (26 males and 25 females), who
received SNM therapy in the Department of Urology,
Beijing Chaoyang Hospital from January 2013 to June 2016,

were retrospectively analyzed. The clinical manifestations
of LUTS included urinary frequency, urgency, urge
incontinence, dysuria, urinary retention, and suprapubic pain
and discomfort when holding urine (which was alleviated
after urination), and patients could have one or a combination
of multiple symptoms. Before admission, all patients were
treated with long-term conservative treatment (including
physical therapy and drug therapy) with a mean preadmission
treatment time of 6.6 £ 2.1 years, which yielded poor
efficacy or were invalid. Among these 51 patients, there were
four patients with refractory urinary frequency, one with
urge incontinence, 20 with interstitial cystitis/pelvic pain
syndrome, three with neurogenic bladder, 14 with sphincter
spasm, and nine with nonobstructive urinary retention.
Patients in whom comprehensive preoperative examination
and urodynamic results detected the presence of uncontrolled
urinary tract infections, low compliance bladder (bladder
contracture), organic bladder outlet obstruction, urinary
epithelial tumors, and upper urinary tract dilatation were
excluded from this study.

Sacral neuromodulation Stage | electrode implantation
All patients underwent the standard “two-step” unilateral
electrode implantation surgery. We used the SNM Stage
I electrode (3889) (Medtronic Inc., USA) for testing. The
surgical methods are shown in Figure 1. Patients were placed
in the prone position with the lumbosacral area appropriately
boosted, and iodine disinfection was conducted. The
preferred puncture position was the 3% sacral foramina (S3).
If the neural response was not satisfactory, we selected the
4 sacral foramina (S4). S3 was positioned by measuring
9 cm rostrally from the tip of the coccyx, and one finger width
from the midline or one finger width from the intersection
between the bilateral sciatic notch connection and the
midline. With 1% lidocaine local anesthesia, the needle
penetrated the skin at a 60° angle. When penetrating the
appropriate sacral foramina, there was a sense of penetration
and then emptiness. Electrical stimulation tests led to
bellows-like contraction of the pelvic floor and a big-toe
plantar flexor reflex, suggesting accurate positioning of S3.

‘ \\':

Figure 1: Schematics for the implantation of the sacral neuromodulation
Stage | self-fixed electrode.
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We then implanted the self-fixed electrode, and the electrode
wire was guided subcutaneously to the upper-lateral % side
of the contralateral hip. We then opened the skin to implant
the temporary test guide wire, and the temporary extension
cord was guided to the puncture sacral foramina to the
upper-lateral % side of the ipsilateral hip, pulled out of the
skin, and connected to the external pulse generator. During
the testing, stimulation parameters were adjusted through
the temporary pulse generator, and the principle was that
electrode stimulation did not cause discomfort. During the
testing period, we simultaneously recorded daily voiding and
changes in symptoms. Clinical symptom improvement >50%
was considered to be effective and to indicate that the patients
should be considered for Stage Il permanent pulse generator
implantation; clinical symptom improvement <50% was
considered to indicate poor efficacy, and these patients were
recommended for other treatment.[®!%)

Implantation of the Stage Il permanent pulse generator
The Stage Il permanent pulse generator was the
first-generation (generation I) IPG (3023; adopted before
June 2014) and generation IT IPG (3058; used after June 2014)
from Medtronic Inc. During Stage II surgery, patients were
placed in the prone position with an appropriate booster
on the hips. The original incision site where electrode
conversion occurred was draped with povidone-iodine
disinfection towels and then opened to remove the temporary
connection equipment, while paying attention not to damage
the electrodes embedded subcutaneously. The electrode tip
was firmly connected to the generation I (3023) or generation
IT (3058) IPG. The pulse generator was embedded in a sac
either subcutaneously or above the muscle fasciae. The
product trademarks faced the skin. After normal resistance
was obtained, the incision was closed.

Evaluation methods and anti-infection method

We surveyed and summarized the willingness and actual
conversion rates for IPG implantation of the patients at
2 and 4 weeks after the electrode implantation or upon the
actual conversion time. We recorded the incision infection
and other complications when patients finally accepted the
removal of the electrode or IPG was implanted, and 3 months
after the surgery.

Prophylactic administration of antibiotics before and after
SNM Stage I and Stage II surgeries and intraoperative
measures were as follows: (1) Before Stage I, all patients
received skin test of cefoxitin, which was used for intravenous
injection. Patients with negative skin test results received an
intravenous injection of 2 g of cefoxitin 30 min before the
surgery,!'!! followed by another dose 12 h later. During the
surgery, the wounds were flushed with large quantities of
sterile distilled water after completion of the puncture and
connection of the extension cable and before incision closure.
The 3-0 absorbable suture was used for intradermal suturing
to close the incisions. On the 2™ day, patients were started
with oral administration of cefdinir at 100 mg/tid for 1 week.
Those with a positive skin test received levofloxacin at 0.5 g/
day and oral administration of levofloxacin for 1 week after

the surgery (at a dose of 0.4 g/day). The remaining procedures
were the same as those received by patients with negative
skin test results. (2) For patients with failed Stage I testing
and with the necessity to remove the electrode, on the day of
the surgery removing the electrode, large quantities of sterile
distilled water were used to repeatedly flush the incisions,
and a 3-0 absorbable suture was used for intradermal
suturing to close the incisions. On the 2™ day, the patients
were started with oral administration of the appropriate
antibiotics for 1 week. The electrode tip and the extension
cable connector inside the body were sent for bacterial culture
examination. (3) Thirty minutes before the Stage II surgery,
prophylactic antibiotics were administered similar to the
antibiotic administration procedures in the Stage I surgery.
The postoperative intravenous injection of antibiotics was not
to exceed 48 h, then being switched to oral administration
of the respective types of antibiotics for 1 week. During the
surgery, the extension cable connectors inside the body were
sent from some patients for bacterial culture examination, and
the remaining operations were conducted as described above.

Statistical analysis

Statistical analyses were performed using the SPSS software
version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
The continuous variables were shown as mean + standard
deviation (SD). Independent-sample z-test was used to assess
differences between patients with and without Stage II
permanent implantation. A value of P <0.05 was considered
statistically significant.

ResuLts

Among the 51 patients, there were 26 males and 25 females,
and the mean age was 45.8 + 15.9 years (ranging from 16 to
76 years). All the 51 patients received local anesthesia while
undergoing the surgery for SNM Stage 1. The mean duration
of Stage I surgery for all the 51 patients was 1.1 + 0.6 h,
and the mean Stage [ testing was 23.7 + 10.6 days (ranging
from 5 to 60 days).

Among 51 patients receiving SNM therapy,
19 patients (including 9 males and 10 females, with a mean
age of 45.0 = 16.9 years) had poor Stage I testing results
and had the electrode removed at mean 27.4 + 9.6 days after
the surgery (ranging from 12 to 60 days). In one patient,
the electrode was removed within 2 weeks. None of the
remaining 18 patients, when asked at 2 weeks after the
surgery, was willing to terminate the test, they all expressed
the desire to extend the test time to continue to observe the
test effect. In nine patients, the electrode was removed within
2—-4 weeks, and the other nine patients removed the electrode
more than 4 weeks after the surgery. The removed electrodes
from all the 19 patients were subject to bacterial culture, and
the bacterial culture results were negative. There were no
wound infections at 1 month and 3 months after the surgery,
and there were no other complications.

The remaining 32 patients (including 17 males and
15 females) had good testing results. The mean age of

.Chinese Medical Journal | February 20,2017 | Volume 130 | Issue 4

441




these patients was 46.7 = 15.3 years, and these patients
received Stage II permanent implantation at a mean of
19.6 £ 10.4 days after the initial surgery. Therefore, the
overall conversion rate of Stage I-1I was 62.7% (32/51) in
this study. Among these 32 patients, eight cases received
Stage II permanent implantation within 2 weeks after the
surgery, only accounting for 25.0% (8/32) of all patients
with conversions; 19 cases underwent conversion within
2-4 weeks, accounting for 59.4% (19/32) of all patients
with conversions; and five cases underwent conversion
more than 4 weeks after the surgery, accounting for
15.6% (5/32) of patients with conversions. The actual
Stage I-II conversion rate within 2 weeks for this study
was 15.9% (8/51), which was much lower than the overall
conversion rate of 62.7%. However, 84.4% (27/32) of the
patients received Stage II implantation within 4 weeks.
The connectors removed from all the 32 patients in Stage
IT were all subject to bacterial culture, and the bacterial
culture results were negative. There were no wound
infections in any of the patients at 1 month and 3 months
after the Stage II implantation. In one patient, the entire
system was removed 1 month after Stage II implantation
due to pain in the implantation site (electrode position).
Postoperative culture of the electrode removed from inside
the body showed no signs of infection. This patient had
a Stage I testing period of 23 days. In other patients, the
entire system was removed 30 months after Stage II IPG
implantation due to recovery, and there was no recurrence
after removing the system. The comparison of clinical
characteristics between patients with and without Stage I1
permanent implantation is shown in Table 1.

Discussion

Since Tanagho and Schmidt!'?! invented SNM therapy in the
1980s, SNM has gradually become the standard treatment
for refractory LUTS. In recent years, with the increase in the
number of SNM clinical applications and improvements in
clinical operating skills and apparatus,!'* the postoperative
complications have been significantly reduced.l'*!’! Hijaz
et al.l'" reported that, in 161 cases of patients receiving
SNM treatment, the most common reason for postoperative
surgical intervention was unstable clinical efficacy, not
postoperative complications.

Previously, because PNE has more incision infection and
shift of electrode localization, the testing period was only
4-7 days. The application of barbed electrodes enables
stable, long test periods and has largely improved the
success rate of the testing period, making it possible for
more patients who can potentially benefit from SNM and
be free from issues due to LUTS.>’1 However, infection
issues inherent to SNM Stage I electrode implantation could
not be completely avoided.?! The possible reasons were
as follows: (1) the surgical site is close to the lumbosacral
area and anus, and consequently, the local infection rate
is most likely higher than other implantation locations;
(2) connecting to the temporary external pulse generator
requires the extension cord to pierce and extend outside the
body, making it impossible to completely avoid infection
by bacteria moving retrogradely along the extension cord;
(3) the sacral foramina puncture hole is deep, the electrodes
must be moved through subcutaneous tunnels, and infection
of blood accumulating in the tunnel may occur; (4) in some
refractory cases (such as urinary retention), a longer test
time may act synergistically with the above factors to induce
infection; (5) patient factors, such as age, diabetes, obesity,
poor nutrition, cancer, immunosuppression, smoking, and
alcohol, may also contribute to infection-related issues.!'®!”
Therefore, some studies recommended a testing time of no
longer than 2 weeks. In addition to the infection problem,
shifting of the electrode/pulse generator, electrode/pulse
generator implant site pain, short-term nerve irritability of
the sacral foramina, unexpected bowel dysfunction, and
technical reasons are all factors constraining the conversion
between Stage I and Stage II of SNM therapy. Therefore,
whether it is appropriate to extend the test time to improve
the SNM therapy success rate has not been determined.

Kessler er al.™™ reported that the application of barbed
electrodes might extend the SNM testing time and more
accurately screen patients suitable for implantation. In
their study, when the testing period was 2 weeks, 50% of
the patients received Stage II permanent implantation. In
contrast, 80% of the patients received Stage II permanent
implantation when the testing time was extended to 4 weeks.
Therefore, this study strongly recommended extending the
testing period and promoted it as a standard procedure.
Amend et al.l"! also reported similar results, showing that

Table 1: Comparison of clinical characteristics between patients with and without Stage Il permanent implantation

Characteristics Group without Stage Il permanent Group with Stage Il permanent t P
implantation (n = 19) implantation (n = 32)
Age (years), mean + SD 45.0+16.9 46.7+153 0.178 0.859
Test time (days), mean + SD 274+9.6 19.6 £ 10.4 -2.514 0.015
Male/female (n) 9/10 17/15
Implantation site of Stage I electrode (n) - -
Third sacral foramina 19 28
Fourth sacral foramina 0 4
Positive bacterial culture () 0 0 - -
Wound infection after 3 months () 0 0 - -
Complications (1) 0 0 - -

—: Not applicable; SD: Standard deviation.
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when the average Stage I testing period of the barbed
electrode was 52.3 days, 76% (16/21) of the patients had
significant treatment effects and accepted Stage I permanent
implantation; furthermore, although the presence of bacteria
was found in 42.9% of the patients and bacterial attachment
was found on the extension cord in 38.2% of the patients,
no patients who received Stage Il permanent implantation
experienced problems such as clinical infection or delayed
wound healing.

As mentioned above, SNM therapy has not been included
in the scope of universal health insurance reimbursement in
mainland China. Patients have to pay the entire cost of this
therapy themselves. Even if patients only tried implantation
for SNM testing, they might still face great economic
losses (test failure and component removal). Given the poor
doctor—patient relationship in mainland China, physicians
are relatively cautious when recommending this therapy to
patients, it is one of the main reasons for significantly more
difficult to promote SNM therapy in mainland China than
the Western countries.

Our data showed that in 19/51 patients with final invalid
test results and electrode removal, only one patient
removed electrodes within 2 weeks, the other 18 patients all
expressed strong desire to extend the testing time for further
observation of the treatment effect, and one patient had the
longest testing period of 60 days. Thirty-two of 51 patients
received Stage II permanent implantation, of which only
8 patients received IPG implantation within 2 weeks, and
the remaining 24 patients all chose testing periods more
than 2 weeks to better appreciate the treatment efficacy. If
we followed the time point of 2 weeks recommended by
literatures and calculated the Stage Il permanent implantation
rate at this time point, we obtained a conversion rate of only
15.9% (8/51), which was much lower than the actual overall
conversion rate of 62.7% (32/51). We therefore would most
likely lose patients who were suitable for Stage Il permanent
implantation, which not only made most patients miss a
possible way to cure the disease but also produced extremely
negative impacts on the promotion of SNM therapy in
mainland China, due to the low test successful rate.

The data in this study fully demonstrated that, based on the
current economic income and reimbursement systems in
mainland China, the vast majority of patients, especially
patients with poor test results, would expect to extend the
test period to further appreciate the treatment effect of SNM,
thereby avoiding test failures and large economic losses. It is
encouraging that, under the conditions of our comprehensive
anti-infection measures,!''! an appropriate extension of the
test period can significantly improve the SNM testing success
rate in refractory LUTS patients in mainland China, without
increasing the incidence of postoperative complications. In
all the 51 patients, including patients with the removal of
electrode parts and those with successful implantation of
Stage I permanent implantation, the bacterial culture results
were negative for all testing samples, including the electrode
tip and extension cable connector inside the body. No wound

infections were observed 1 month and 3 months after the
surgery, and there were no complications.

This study have several limitations. This is a retrospective
study and enrolled only a small number of cases; moreover,
we did not conduct randomized grouping to compare the
success rates at the standard testing time and at the extended
test time, which will be confirmed by further studies in the
future.

In conclusion, appropriate extension of the Stage I testing
time of an SNM-barbed electrode could significantly
improve the Stage II permanent implantation in Chinese
refractory LUTS patients; there were no wound infections,
and the postoperative complication rate was low. This study
recommended that Stage I period of SNM therapy should be
4 weeks according to safety and successful conversion rate.

Financial support and sponsorship
This study was supported by a grant from High Level Technical
Talents in Beijing Health System (No. 2015-3-030).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Siegel SW, Catanzaro F, Dijkema HE, Elhilali MM, Fowler CJ,
Gajewski JB, ef al. Long-term results of a multicenter study on
sacral nerve stimulation for treatment of urinary urge incontinence,
urgency-frequency, and retention. Urology 2000;56 6 Suppl 1:87-91.
doi:10.1016/S0090-4295(00)00597-5.

2. Kessler TM, Madersbacher H, Kiss G. Prolonged sacral
neuromodulation testing using permanent leads: A more reliable
patient selection method? Eur Urol 2005;47:660-5. doi: 10.1016/j.
eururo.2004.11.005.

3. Bannowsky A, Wefer B, Braun PM, Jinemann KP. Urodynamic
changes and response rates in patients treated with permanent
electrodes compared to conventional wire electrodes in the peripheral
nerve evaluation test. World J Urol 2008;26:623-6. doi: 10.1007/
s00345-008-0307-7.

4.  Guralnick ML, Benouni S, O’Connor RC, Edmiston C. Characteristics
of infections in patients undergoing staged implantation for sacral
nerve stimulation. Urology 2007;69:1073-6. doi: 10.1016/j.
urology.2007.01.099.

5. Daniels DH, Powell CR, Braasch MR, Kreder KIJ. Sacral
neuromodulation in diabetic patients: Success and complications
in the treatment of voiding dysfunction. Neurourol Urodyn
2010;29:578-81. doi: 10.1002/nau.20791.

6. Huwyler M, Kiss G, Burkhard FC, Madersbacher H, Kessler TM.
Microbiological tined-lead examination: Does prolonged sacral
neuromodulation testing induce infection? BJU Int 2009;104:646-50.
doi: 10.1111/5.1464-410X.2009.08501 .x.

7. Amend B, Bedke J, Khalil M, Stenzl A, Sievert KD. Prolonged
percutaneous SNM testing does not cause infection-related
explanation. BJU Int 2013;111:485-91. doi: 10.1111/j.1464-410X.2
012.11263.x.

8. Spinelli M, Sievert KD. Latest technologic and surgical developments
in using InterStim therapy for sacral neuromodulation: Impact
on treatment success and safety. Eur Urol 2008;54:1287-96. doi:
10.1016/j.eururo.2008.01.076.

9. Liu N, Man LB, He F, Huang GL, Zhou N, Zhu XF. Work Capacity
of the Bladder During Voiding: A Novel Method to Evaluate Bladder
Contractile Function and Bladder Outlet Obstruction. Chin Med J
2015;128:3329-34. doi: 10.4103/0366-6999.171426.

10. Li Q, Duan F, Wang MQ, Zhang GD, Yuan K. Prostatic Arterial
Embolization with Small Sized Particles for the Treatment of
Lower Urinary Tract Symptoms Due to Large Benign Prostatic

.Chinese Medical Journal | February 20,2017 | Volume 130 | Issue 4

443




. van Voskuilen AC, Oerlemans

Hyperplasia: Preliminary Results. Chin Med J 2015;128:2072-7. doi:
10.4103/0366-6999.161370.

. Peng Z, Xiao-Dong Z, Chao-Hua Z, Jian-Zhong Z. Initial experiences

of preventing local incision infection during sacral neuromodulation
(in Chinese). Natl Med J China 2015;95:2787-90. doi: 10.3760/cma.j
.issn.0376-2491.2015.34.012.

. Tanagho EA, Schmidt RA. Bladder pacemaker: Scientific basis

and clinical future. Urology 1982;20:614-9. doi: 10.1016/0090-
4295(82)90312-0.

DJ, Weil EH, de Bie RA,
van Kerrebroeck PE. Long term results of neuromodulation by sacral
nerve stimulation for lower urinary tract symptoms: A retrospective single
center study. Eur Urol 2006;49:366-72. doi: 10.1016/j.eururo.2005.11.009.

. Hijaz A, Vasavada SP, Daneshgari F, Frinjari H, Goldman H,

Rackley R. Complications and troubleshooting of two-stage sacral

neuromodulation therapy: A single-institution experience. Urology
2006;68:533-7. doi: 10.1016/j.urology.2006.03.020.

. Van Voskuilen AC, Oerlemans DJ, Weil EH, van den Hombergh U,

van Kerrebroeck PE. Medium-term experience of sacral
neuromodulation by tined lead implantation. BJU Int 2007;99:107-10.
doi: 10.1111/j.1464-410X.2006.06508..x.

. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR.

Guideline for prevention of surgical site infection, 1999. Centers
for disease control and prevention (CDC) hospital infection control
practices advisory committee. Am J Infect Control 1999;27:97-132.
doi: 10.1016/S0196-6553(99)70088-X.

. Banakhar M, Hassouna M. Percutaneous Nerve Evaluation Test

Versus Staged Test Trials for Sacral Neuromodulation: Sensitivity,
Specificity, and Predictive Values of Each Technique. Int Neurourol J
2016;20:250-254.doi: 10.5213/inj.1630498.249.

Chinese Medical Journal | February 20,2017 | Volume 130 | Issue 4 -




