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Abstract

Aim: The aim of this systematic review is to provide an updated report on the
efficacy and complications of sacral neuromodulation (SNM) and percuta-
neous tibial nerve stimulation (PTNS) in the treatment of chronic non-
obstructive urinary retention (CNOUR), with a focus on the contemporary
technique of SNM utilizing the percutaneous placement of tined leads.
Methods: This systematic review was conducted with the use of PRISMA
guidelines and registered with PROSPERO (CRD42020208052). A systematic
literature search was conducted in Embase, PubMed, and Cochrane databases.
Inclusion criteria include English language and human participants. Exclusion
criteria include SNM studies involving less than 10 CNOUR patients, studies
containing data obtained using open, surgical implantation of nontined leads,
and studies that only reported the test phase success rate with no long-term
efficacy data. The risk of bias assessment was conducted using the National
Institutes of Health study quality assessment tool.

Results: A total of 16 papers studies were included (11 SNM and 5 PTNS) in
this review. The success rate for SNM ranges between 42.5% and 100%
(median = 79.2%) for the test stimulation phase and 65.5%-100% (median =
89.1%) in the long term. Most SNM studies reported revision and explantation
rates of lesser than 20%. The success rate was much lower for PTNS, in the
50%-60% range and complications were minimal.

Conclusion: SNM using the contemporary percutaneous tined lead im-
plantation technique appears to be an effective treatment for CNOUR and is
durable in the long term. Compared to SNM, PTNS appears less efficacious
with less evidence supporting its use in CNOUR. Further prospective studies
are required to define the role of PTNS in the treatment of CNOUR.
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1 | INTRODUCTION

Chronic nonobstructive urinary retention (CNOUR) is
the inability to empty the bladder in the absence of a
physical obstruction." It is primarily a result of a hypo-
contractile or acontractile bladder, leading to bladder
dysfunction.” The causes of bladder dysfunction are often
multi-factorial in origin, and they include myogenic,
neurogenic, or psychogenic causes.” Neurogenic causes
can result from diseases such as multiple sclerosis, spinal
cord injury, and Parkinson's disease.

Chronic urinary retention is associated with medical
complications such as renal damage and overflow
incontinence™ and can also have a negative impact on
the psychological well-being of the affected individual.*
Unfortunately, management of CNOUR is challenging
because there is no effective medical management
available. Traditionally, these patients are managed
symptomatically with intermittent self-catheterization
(ISC) or permanent catherization.” However, ISC is
strongly associated with impairment of daily activities
and psychological distress such as embarrassment and
low self-esteem.’

The introduction of sacral neuromodulation (SNM)
by Tanagho and Schmidt® in 1981 has providled CNOUR
patients with a permanent treatment option. Over the
years, there have been major advances in this surgical
procedure such as the development of the two-stage
implantation technique.” More recently, a minimally
invasive approach to placement of the permanent tined
leads into the sacral foramen has been described by
Spinelli et al.® This percutaneous technique has elimi-
nated the need for deep incision and use of general an-
esthetics, allowing for more accurate lead placement.”
Moreover, the design of the tined lead also helps to
prevent dislodgement of the electrodes. This updated
systematic review aims to determine the short and long-
term efficacy of SNM in the treatment of CNOUR using
the newer percutaneous technique for definitive tined
lead implantation.

Percutaneous tibial nerve stimulation (PTNS) is an-
other type of neuromodulatory therapy available for
lower urinary tract dysfunction. In comparison to SNM,
PTNS is less invasive and does not require device im-
plantation which may be incompatible with magnetic
resonance imaging (MRI) scans. There are well-
established data for its use in the treatment of overactive
bladder (OAB) and it has been approved by multiple
countries including the United States, United Kingdom,
and Australia to do so.”'” Despite so, the use of PTNS in
CNOUR is less established. Therefore, this systematic
review also aims to determine the efficacy of PTNS in

CNOUR and to qualitatively compare its efficacy to that
of SNM.

2 | METHODS

This systematic review was conducted with the use of the
PRISMA guidelines and the protocol was registered with
PROSPERO (https://www.crd.york.ac.uk/prospero; CRD42
020208052). A systematic search of the literature using
Embase, PubMed, and Cochrane databases was performed
in August 2020 to identify studies evaluating the treatment of
CNOUR using SNM and PTNS (see Supporting Information
1 for search strategies).

The study population includes CNOUR patients who
were treated with SNM or PTNS. Inclusion criteria in-
clude English language articles, human participants and,
studies with full texts available. Exclusion criteria was
only applied to SNM, and not PTNS studies due to the
limited number of studies available for the latter. This
includes studies involving less than 10 CNOUR patients,
studies that included results obtained using open, surgi-
cal implantation of nontined leads and studies which
only reported the test phase success rate. A cut-off of 10
patients was chosen in an attempt to improve the validity
of this review.

The systematic search was performed independently
by two authors. The initial search identified 630 articles.
All the titles and abstracts were screened and articles that
did not meet the initial inclusion criteria were excluded.
A total of 50 full-text articles were retrieved and further
assessed for eligibility to be included in the systematic
review. An additional five papers were identified from
references of these articles, but none met the criteria to
be included in the final data analysis.

Data extraction was performed by two in-
dependent authors, discrepancies were discussed to
reach a consensus. Any unresolvable discrepancy was
discussed with a third author to reach a consensus.
The following aspects were evaluated for each paper:
study design, follow-up duration, mean patients age,
pre- and post-SNM outcome measures results, Stage 1
success rate, long-term success rate, and complication
rates. A qualitative analysis was performed to sum-
marize the findings in the literature. Quantitative
analysis was unable to be performed due to hetero-
geneity in patients’ characteristics, outcome mea-
sures, the definition of success, and follow-up
duration. The risk of bias of assessment was
conducted using the National Institutes of Health (NIH)
study quality assessment tool'' and plotted using the
Robvis tool'” (see Supporting Information 2).
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3 | RESULTS

A total of 16 out of the 630 articles identified in the initial
search were included in the final data analysis. All of
them were pre-post studies (nine prospective and seven
retrospective) published between the years of 2001-2020.
Results of the search strategy were summarized in
Figure 1.

3.1 | Sacral neuromodulation

3.1.1 | Studies characteristics

Eleven SNM studies published between the years of
2005-2020 were included in our analysis.”'*** These
include four prospective and seven retrospective pre—post

Clrodynamics

studies. There were five mixed cohort studies which also
included patients suffering from one or more of the fol-
lowing: OAB, urinary urge incontinence, urgency-
frequency syndrome, and interstitial cystitis.”">'**%*?
Among the 11 papers, there were 2 papers published by
the same primary author, but 1 year apart and it was not
possible to determine the extent of population overlap
between these two studies.'*'* In total, 450 CNOUR
patients were identified. All of them were adult patients
with a mean age ranging between 32.5 and 51 years old.
The causes of CNOUR were largely neurogenic in origins
such as spinal cord and lumbosacral injury, cere-
brovascular events, pelvic floor injury, and postsurgical
denervation. Three studies reported a mean duration of
symptoms ranging between 3.2 and 6 years and one study
reported at least 6 months duration of symptoms. Con-
servative treatments that were attempted before SNM

FIGURE 1 PRISMA flow chart. UR, urinary retention
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include pelvic floor rehabilitation, bladder biofeedback,
electrotherapy, alpha blockers, and sympathomimetics.
ISC was used by most patients for symptomatic
management.

312 |
measures

Surgical technique and outcome

Most SNM studies only included patients who underwent
the two-stage implantation technique. However, three of
the included studies also involved patients who had been
tested with percutaneous nerve evaluation (PNE).”'>*
Despite having different test stimulation techniques, all
the patients were percutaneously implanted with the
permanent tined leads. Outcomes at the end of each
phase, (test stimulation and implantable pulse generator
[IPG] implantation) were determined using voiding
symptoms parameters, and/or urodynamic test results.
Success rates that were not exclusive to CNOUR patients
were indicated in the results table (Table 1).

3.1.3 | Efficacy—test stimulation outcomes
The definition for test-stimulation success varied con-
siderably across all the 11 studies. Definitions included:
(1) at least 50% improvement in relevant urinary symp-
toms or voiding diary parameters; (2) restoration of
bladder sensation; and (3) restoration of spontaneous
voiding with postvoid residual (PVR) volume less than
100 ml at the end of the test phase. The rate of success for
CNOUR patients ranged from 42.5% to 100%, with a
median of 79.2% (Table 1). The success rate of PNE in
CNOUR patients could not be determined as they were
all reported as mixed cohort results. Two urodynamic
studies, both published by Lombardi et al.">'* reported a
mean 56.4% increase in patients who were able to void at
the end of the first stage SNM. There was also a sig-
nificant improvement (p <0.01) in all other voiding
phase parameters such as PdetQmax, mean maximum
flow rate, and mean PVR volume.

3.14 | Efficacy—long-term outcome

Overall, there were six studies that reported long-term
follow-up data for CNOUR patients with a mean success
rate of 65.5%-100% at a median follow-up time of
42 months."”">'”'®?! The consensus for long-term suc-
cess across the studies was sustained improvement in
symptoms at the end of a follow-up period. All the stu-
dies reported improvement in at least one of the outcome

measures mentioned above. Van Voskuilen et al.'” re-
ported that 60% of its patients became catheter free at a
mean follow-up period of 15.5 months. A similar finding
was reported by Mehmood et al.'” which stated that al-
most all their patients could eliminate ISC (n =27) and
that 70.8% achieved spontaneous voiding. Catheteriza-
tion frequency was the most reported parameter with five
studies reporting a 59.6%-77.9% reduction in mean
number of catheterization per day. Meanwhile,
Denzinger'® and Mehmood et al.'” reported a 93% and
61% reduction in mean PVR volume, respectively
(Table 2).

3.1.5 | Safety and complications

There were no life-threatening complications reported by
any of the studies. The highest grade of complication
reported according to the Clavien-Dindo (CD) classifi-
cation was Grade III. The reported surgical revision rate
ranged from 9.6% to 41.6% with the most common cause
being IPG site pain, followed by IPG site infection and
implant/lead migration. The rate of explantation ranged
from 1.1% to 16.6% with a loss of efficacy being the most
common cause (overall rate of 6.5%-12.8%). Other com-
mon causes were repeated need for MRI scan, IPG site
infection and pain. Complications that could be treated
conservatively (<CD-III) were mainly related to dis-
comfort, infection, and pelvic symptoms (Table 3).
Although the mixed cohort studies reported their efficacy
results separately, all of them reported the complication
rates as a whole and therefore rates above do not pertain
to just CNOUR patients.

3.2 | Percutaneous tibial nerve
stimulation
3.2.1 | Studies characteristics

A total of five PTNS studies (four adults and one pe-
diatrics) published between the year of 2001-2005
were included in our analysis. Four studies involved
adult population® *° and one study involved pediatric
population.”” There were at least 10 participants in all
the studies except for the pediatric study which only
had 7. All four of the adult papers were published by
the same senior author, H. Bemelmans and may in-
clude overlapping patients. Two of the papers by
Vandoninck et al.”>** used the exact same cohort of
patients, with one containing additional urodynamic
data. They will be referred to as a single study in this
review. The other two papers on the adult population
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TABLE 3 Complication rates following sacral neuromodulation for the treatment of chronic nonobstructive urinary retention

Revision and explantation (C-D III)

Other complications (<CD III)

van Voskuilen A (2006)

Saber-Khalaf (2015)

Mehmood (2007)

Marcelissen (2010)

Lombardi (2014)

Denzinger (2011)

Chan (2020)

Revision:

Overall: 9.6%

IPG site pain: 6.5%

Troublesome leg stimulation: 3.2%

Explantation:

Overall: 15.4%

Repeated need for MRI: 7.7%
Aphasia: 7.7%

Explantation

Overall: 16.6%

Loss of efficacy: 8.3%
IPG site infection: 4.2%
Stroke: 4.2%

Revision

Overall: 41.6%

IPG site infection: 12.5%
Battery expiration: 12.5%
IPG site pain: 8.3%
Implant migration: 8.3%

Explantation

Overall: 10.8%

Loss of efficacy: 4.7%

Persistent stimulation related pain: 3.1%
Psychiatric reason: 1.6%

Repeated need for MRI: 1.6%

Revision

Battery expiration: 6.3%
IPG site pain: 10.9%
Loss of efficacy: 4.7%
Lead site pain: 1.6%
Lead migration: 1.6%

Explantation
No relevant improvement: 1.1%

Revision

Discomfort due to extensive weight loss: 12.5%

Explantation
Loss of efficacy: 9.7%

Note: Red, reported overall explantation rate; Blue, reported overall revision rate.

Abbreviations: CD, Clavien-Dindo; IPG, implantable pulse generator.

were both authored by Van Balken et a

1.>>%° with one  3.2.2

focusing largely on prognostic factors for PTNS and

have minimal data for extraction.”® Success rates or
improvement in voiding parameters were determined
at the end of a 12-weekly treatment regimen of 30 min

each, for all studies.

Incomplete electrode migration: 3.2%
Loss of efficacy after non-urological
surgery: 6.5% (treated by re-
programming)

Undesirable sensation: 12.5%
Leg pain: 8.3%

UTI: 8.3%

Pelvic/urethral pain: 8.3%

Haematoma: 5.1%

Loss of efficacy: 3.4% (INS turned off
permanently)

Reduced mobility requiring suprapubic
catheter: 1.7% (INS turned off
permanently)

Wound infection: 1.7%

Pain: 1.4% (treated by re-programming)

Pain at IPG site: 11.7%

New pain/undesirable change in
stimulation: 5.9%

Adverse change in bowel function: 5.9%

Phlegmonous infection: 5.6%

Efficacy—adult population

All the studies defined the overall success
jectively, as the number of requests for continuation of
treatment which ranges from 50% to 59%. The objective

rate sub-

success rate which was defined as having at least a 50%
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reduction in any of the troubling symptoms was reported

to be 25% by Van Balken” and 41% by Vandoninck et al. E -~
Overall, 39% of patients in the study by Vandoninck et al. § :“.: £
study achieved a mean catheterized volume of less than E S “E’ ::
100 ml. At the end of the treatment period, seven patients 5 g % g
in this study catheterized just once daily but no one be- 8 e = E . =
p=1 — o~
came catheter-free. A total of 26% of the patients in the =2 — =
same study reported at least a 25% reduction in PVR from E
a median of 270 ml at baseline to 220 ml after treatment, S -E =~
with a median change of 80 ml (p < 0.01; Table 4). g 28 e
Q =~
= B 3 o
2 =2k %
3.2.3 | Efficacy—pediatrics population 8 § G Rk
g 2 - )
8 ) o
. . 27 . = ~ 00
In the pediatric study,”’ five of seven patients no longer g -
need to strain to void and one of three achieved con- = :
tinence. On top of that, four of six children experienced a E 2 g
decrease in their PVR volume, from a mean of g 5 "é
173 +44 — 154+ 102 ml (p = 0.3; Table 4). 5 § 5
I o Q
S8
= g3
3.24 | Safety and complications = g w KB
0>) (=] (=) |
Minimal complications were reported following PTNS. § 'E "g
Complications reported included transient pain, lower 2 § Y
back pain, diarrhea, headaches, and calf cramps. % § E
The risk of bias assessment revealed a high risk of f, ': S 3
detection bias as none of the included studies reported 8 g § :
blinding of the outcome assessors. Selection bias was also fo N =
present in a few of the studies as the patients’ population ° ¥
was not appropriately representative of the whole. é %
Moreover, all the patients in one SNM study had pre- B E ”
~ @n
viously undergone intravesical electrostimulation and o i §
responded well to it."* Overall, most studies included in § 22 3 n
this review were assessed to have an unclear risk of bias. % _
= S
g Py
gl 2
4 | DISCUSSIONS s 2 3
& 238
an KR G59)
This systematic review found that the success rate of the £ a8 2 s A
test stimulation phase in SNM for treatment of CNOUR S
patients is high with a median rate of success of 79.2% g
j2]
(range: 42.5%-100%). The median rate of success of SNM g g ‘é
in the treatment of CNOUR in the long-term was 89.1% I E £ =
(range: 65.5%-100%). However, Lombardi et al's."” study 8 E g s
which reported a 100% test phase success rate carries a § Za & = = l‘f
significant selection bias, as explained above. The range § _ 2
of reported long-term success rate in this review is not 3 g g g & _
significantly different from that of the open technique for = » :’ T 8 8 g g 2
non-tined lead implantation, with two prospective stu- < § -é 4 & E) E, £ E s
2 = 3 [~
dies reporting success rates of 52.8%°° and 71%,” at a M 58 E8 3 3 £¢8§
mean follow-up of 37.8 and 60 months, respectively. A 28 EC ¢ ¢ ¢ s E
< A8 8 S & 2 2 &
= =< > > > g I3 _g/'i
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Improvement was observed in all the voiding symp-
toms parameters at the end of test stimulation and at
long-term follow-up after IPG implantation. Improve-
ment in PVR volume was significant following SNM and
this was demonstrated on both voiding diaries and ur-
odynamics studies. Marcelissen et al.'” reported that 60%
of their patients became catheter free and similar results
were demonstrated in the study by Mehmood et al.'’
which reported that almost all the patients could cease
ISC following SNM. This illustrates the potential for SNM
to reduce and even eliminate ISC in CNOUR patients.

A few predictive factors for SNM success were iden-
tified in this systematic review. Lombardi et al."” have
identified the first sensation of bladder filling at baseline
as a statistically significant predictable factor for first
stage trial success of SNM. Both Chan”' and Drossaerts™
also found that the SNM success rate was much higher in
patients with preserved bladder contractility as compared
to those with bladder acontractility. Urodynamic studies
before SNM can thus be helpful in identifying this group
of patients and in counseling them about potential out-
comes. Patient age is another significant predictive factor
for the success of SNM in CNOUR. Chan et al.”' identi-
fied an almost linear negative relationship between age
and probability of SNM response while Saber-Khalaf
et al.'® identified a cut-off median age of 43 years
whereby men (single-gender cohort) were less likely to
respond if above that age. None of the complications
reported were life-threatening. Mehmood et al.'’ re-
ported a revision rate of 41.6% which is much higher
than the rest of the studies (all lesser than 20%), likely
because it also listed battery expiration as a type of
complication (12.5%). Marcelissen et al.'” has also done
the same and reported the mean duration till battery
replacement to be 62.3 months. The studies included in
our review reported lower reoperation rates (median re-
vision rate of 17.2% and explantation rate of 10.8%) than
the open-technique studies which reported rates of 66%"
and 48.3%.”" This is most likely attributed to the percu-
taneous technique which has allowed for more accurate
lead placement and the nature of the self-anchoring tined
leads which have a smaller tendency to migrate.

In comparison to SNM, PTNS is a less invasive
technique associated with minimal adverse events. It is
also minimally painful, making it ideal for pediatrics
patients. In the adult population, the success rate was
much lower than SNM with the highest reported
subjective rate being 59%. Voiding parameters improve-
ment was also not as significant as that observed in SNM.
The lack of constant stimulation to the bladder in PTNS
to provide sustained effect could explain its failure in
producing satisfactory results as observed in SNM. Fur-
thermore, the objective success rate (25% and 41%) was

euumon_ \w 1 Ey—|
much lower than the subjective success rate which could
suggest that even though a positive effect was experi-
enced, the frequency or total duration of the therapy
(12 weekly, 30 min each) was too short for adequate
objective improvement to be observed. A period of
maintenance therapy following the initial treatment
course might produce a larger improvement than what
had been observed, but further studies would be required
to elucidate this point. Finally, even though the results
for PTNS pediatrics patients were promising with reports
of both subjective and object improvement, there was
only one available study. The authors, therefore, con-
clude that there is currently insufficient evidence to
support the use of PTNS in the treatment of CNOUR and
it should only be considered as an experimental treat-
ment option. The newer implantable PTNS may have
potential but there is still no published data on this.
There are several limitations to this systematic re-
view. First, all studies included in this review are Level
IV evidence studies (pre-post studies) with no com-
parative or control arm. The absence of high-quality
studies needs to be considered when interpreting the
results of this study. Second, the causes of CNOUR and
severity of urinary retention varied across the studies, as
such the baseline patient population was considerably
different. Some studies also included a mixed cohort of
patients with other urological conditions such as OAB.
The authors excluded studies that did not have voiding
parameters outcomes exclusive to CNOUR patients.
Third, many studies only included a small sample size
which can artificially inflate the effect size, leading to
imprecise interpretation of the overall success rate. Even
though exclusion criteria were only applied to the SNM
studies, all the SNM and PTNS adults' studies have a
minimum of 10 patients, ensuring that results between
the two neuromodulatory techniques were comparable.
Fourth, many studies did not report on long-term follow-
up outcomes which is an important consideration. Even
when reported, many did not report the number of pa-
tients lost to follow-up and the reasons for lost to follow-
up which may again introduce selection bias to the re-
sults. Therefore, the risk of bias and confounding in this
review was significant. Given the heterogeneity of the
studies and the limitations stated above, the authors did
not combine the results from the different studies in
quantitative analysis. Finally, there was a limited number
of studies on PTNS for CNOUR to draw any meaningful
conclusions. Additionally, no long-term outcome was
reported by these PTNS studies and the definition of
success is subjective, rather than objective improvement
in patient-reported outcome measures or voiding
parameters which is important when assessing the im-
pact on urinary retention. Further studies to evaluate
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the role of PTNS in the treatment of CNOUR is therefore
warranted.

5 | CONCLUSION

This systematic review demonstrates that SNM is an ef-
fective and safe treatment modality for patients suffering
from refractory CNOUR, with durable efficacy in the
long term. Young age, smaller bladder volume at the first
sensation, and a degree of preserved bladder contractility
are positive predictors of success. There is insufficient
evidence to support the use of PTNS for the treatment of
CNOUR despite a lower reported complication rate.
Further prospective studies to define the role of PTNS in
the treatment of CNOUR are warranted.
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