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Abstract

Introduction and hypothesis The aim of the present systematic review and meta-analysis was to assess the effectiveness and
safety of injections of the new bulking agent Urolastic® in the treatment of patients with stress urinary incontinence (SUI).
Methods A systematic search was carried out to select observational and experimental studies on Urolastic® in female patients
with SUIL. Three different databases, Pubmed, the Cochrane Central Register of Controlled Trials, and Scopus, were used to
retrieve scientific articles published from their inception to 31 January 2018.

Results Eight full texts were evaluated but only five were selected for the qualitative and quantitative analyses. Duration of
follow-up after Urolastic® injections was significantly heterogeneous, ranging from 6 to 24 months. Secondary injections were
needed in 16.7%-35.0% of the treated patients. The pooled proportion of secondary injections was 20% (95% CI: 15%—24%; I*:
0%). Subjective improvement, measured by different means (i.e., patient global impression of improvement PGI-I score) was
only assessed by 40% of the selected papers and was > 80% in two cohorts. The objective treatment success was evaluated by
four (80.0%) papers and was achieved in all cohorts with a wide proportional range: from 32.7% (i.e., patients without objective
SUI symptom cough tests and with a negative pad test) to 67.0%. Its pooled proportion was 57% (95% CI: 38%—75%; I*: 82.3%).
Conclusions Urolastic® showed effectiveness in patients with SUI during a follow-up period of 6-24 months.

Keywords Urolastic® - Urinary incontinence - Stress urinary incontinence - Bulking agents

Introduction

Urinary incontinence is a medical condition characterized by
an involuntary loss of urine [1].

The most prevalent types of urinary incontinence are the
following: stress urinary incontinence (SUI), characterized by
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an inadvertent loss of urine due to effort-, sneezing-,
coughing-, or exertion-related increased intra-abdominal pres-
sure; urge urinary incontinence (UUI), which is associated
with urgency; mixed urinary incontinence (MUI), when both
SUI and UUI occur. Their prevalence in non-institutionalized
women is 49%, 21%, and 29%, respectively [2]. In particular,
prevalence of SUI can range from 10 to 40% in the general
population, increasing during the post-menopausal age with a
negative impact on the quality of social, working, and affec-
tive life [2].

SUI therapy should be carefully selected following the as-
sessment of its severity and of concomitant factors that could
preclude surgical intervention [3, 4]. The most relevant effec-
tive options are exercises aimed at restoring the strength and
tone of the pelvic floor and estrogenic therapy, along with the
administration of Lactobacilli acidophilus [5]. In fact, pelvic
floor muscle training (PFMT) is recommended as a first-line
treatment for SUI (grade A evidence) [6].

Duloxetine has been approved in Europe for the treatment of
SUI The UK National Institute for Health and Care Excellence
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recommends that duloxetine should not be used as a first-line
treatment or routinely offered as a second-line treatment for
stress urinary incontinence, given that pelvic floor muscle train-
ing is more effective and less costly than duloxetine and that
surgery is more cost-effective than duloxetine [7].

The surgical gold standard is represented by the placement
of a mid-urethral sling (MUS) [8-10].

An even less invasive procedure is nowadays represented
by the possibility of using injections of urethral bulking
agents (UBAs), recommended in elderly patients, in those
with a high anesthesiologic risk and in those reluctant to
undergo surgery [11, 12]. It can be recommended in patients
who were surgically treated without any benefit or with
recurrence.

UBAs thicken the urethral wall and, elevating the urethral
mucosa, restore the natural continence and urethral resistance
[12, 13]. The ideal UBA should be easily injectable, highly
cost-effective, and biocompatible and should not migrate from
the injection site [14].

A new silicone-derived elastomer, Urolastic®, is an inno-
vative UBA recently introduced on the market made of a vinyl
dimethyl-terminated polydimethylsiloxane (PDMS) polymer,
tetrapropoxysilane cross-linking agent, platinum
divinyltetramethyl siloxane complex catalyst, and titanium di-
oxide radio-pacifying agent (Urolastic® Urogyn BV,
Nijmegen, The Netherlands). This material polymerizes in
situ, forming a uniform elastomer that adapts itself to the en-
vironment during injection; a few minutes after injection into
the paraurethral tissue, it undergoes a change from the liquid
to the solid state, thereby supporting the urethra. It has been
proved to have high biocompatibility and little risk of migra-
tion from the injection site, offering long-term improvement in
clinical symptoms [15, 16]. Urolastic® can be considered a
hybrid between a UBA and a prosthesis, as it creates a soft-
cuff effect by solidifying around the urethra, preventing mi-
gration [17].

We performed a systematic review and meta-analysis to
assess the effectiveness and safety of Urolastic® in patients
with SUL

Materials and methods
Search strategy

A search to detect observational and experimental studies on
Urolastic® in female patients with stress urinary incontinence
was carried out.

Three different databases, Pubmed, the Cochrane Central
Register of Controlled Trials, and Scopus, were evaluated to
search for scientific articles published from their inception to
31 January 2018.
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Furthermore, reviews or systematic reviews, as well as the
list of references of the selected articles, were carefully eval-
uated to find other relevant articles.

Abstracts published in the main international conferences
and gray literature documents were excluded owing to the
scarce information provided and the lack of a quality-based
peer-review process, respectively.

The following keywords were used and combined using
different strings to increase the diagnostic sensitivity of the
search: “Urolastic®,” “urinary incontinence,” “stress urinary
incontinence,” and “bulking agents.”

Study selection

All trials and observational studies including information on
efficacy and/or effectiveness and/or safety and/or tolerability
of Urolastic® in women with stress urinary incontinence were
selected.

Studies with at least one of the following characteristics were
excluded: (1) case reports or series with less than five patients;
(2) studies carried out in animals; (3) modeling-based studies;
(4) studies not properly describing the primary and secondary
outcomes; (5) studies written in languages other than English;
(6) editorials, letters, correspondence, and reviews.

Titles and abstracts of the records were independently
assessed by two study researchers (G.S. and L.S.); full texts
of potentially significant studies were retrieved and evaluated
by the above-mentioned authors. Discrepancies in the assess-
ment of the articles and data extraction were resolved by a
third investigator (G.C.).

Data extraction

An ad hoc electronic form was used to collect information
related to the study aims. The search and data extraction re-
sults of the two above-mentioned authors were cross-checked
for the analysis and for the detection of information inconsis-
tencies. No relevant disagreements were found, and the inter-
rater agreement was ~100%.

The form adopted to retrieve the most relevant variables
included the following items: first author of the manuscript,
title of the manuscript, year of publication of the manuscript,
epidemiologic nature of the study, countries where the study
was carried out, temporal period when the study was per-
formed, sample size, age, gender, body mass index (BMI),
parity, history of neurologic disorders, previous therapies for
stress urinary incontinence, duration of the follow-up and
number of individuals eligible for the follow-up, and treat-
ment outcomes (i.e., second injection, subjective and objec-
tive improvement, and complications).

Data described in the manuscripts were anonymized, and
no any ethical approvals to the ethical committee of the
University of Sassari, Italy.
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Table 1 Checklist for cohort studies” according to the Scottish Intercollegiate Guidelines Network

Study Ql Q2 Q3 Q4 Q5 Score Grade of evidence ®
Zajda et al. 2015 Yes Yes No Yes No 3

Futyma et al. 2015 Yes Yes No Yes No 3

Futyma et al. 2016 Yes No No Yes No 2 -

Kowalik et al. 2018 Yes No No Yes No 2 -

De Vries et al. 2017 Yes No No No No 1 -

™ One score for each checkpoint:

Q1: Are both groups selected from the same well-defined cohort?

Q2: Is the proportion of dropout in each group known, and if so, is it< 15% in each?
Q3: Is there any comparison between full participants and those lost to follow-up?
Q4: Are the main potential confounders identified and considered?

Q5: Is there a confidence interval?

@ Grading was refined with a *+” sign to suggest a low risk of bias for a score of 4 or 5, a ‘— sign to suggest a high risk of bias for a score of 1 or 2, and no
sign to suggest a moderate risk of bias for a score of 3

Scottish Intercollegiate Guidelines Network. SIGN 50: a guideline developer’s handbook. Edinburgh, UK: SIGN, 2014

Study quality assessment Items for Systematic Reviews and Meta-Analysis (PRISMA)

[18]. The recruitment of studies and data extraction were as-
The process of the systematic review and meta-analysis was  sociated with an inter-rater agreement of ~100%. The fewest
carried out according to guidelines of the Preferred Reporting  discrepancies were resolved by consensus and the intervention

Fig. 1 Total records and Prisma
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Table 2 Summary of the included studies

First author Title

Publication year

Type of study Country Study period

Urolastic for the treatment of 2015
women with stress urinary
incontinence: 24-month follow-up
An open multicenter study of
clinical efficacy and safety of
Urolastic, an injectable implant for
the treatment of stress urinary
incontinence: One-year observation
Nonabsorbable urethral bulking
agent—clinical effectiveness and
late complications rates in the
treatment of recurrent stress
urinary incontinence after 2 years of follow-up
Para-urethral injections with
Urolastic for treatment of female
stress urinary incontinence:
subjective improvement and safety
Results of an innovative bulking
agent in patients with stress urinary
incontinence who are not optimal
candidates for mid-urethral sling surgery

Zajda et al.

Futyma et al. 2015

Futyma et al. 2016

De Vries et al. 2017

Kowalik et al. 2018

Prospective cohort study Poland, Qatar Nov 2011-Nov 2013

Prospective cohort study Poland Feb 2012— Mar 2013

Prospective cohort study Poland Feb 2012 Sep 2013

Retrospective cohort study ~ The Netherlands 2016

Prospective cohort study The Netherlands  2014-2015

of a third investigator (GC). Scientific quality was graded
according to the Scottish Intercollegiate Guidelines Network
(Table 1).

Statistical analysis

Descriptive and inference analyses were carried out.
Qualitative and quantitative variables were summarized with
absolute and relative (percentage) frequencies and means and
standard deviations (DS), respectively.

Meta-analysis of the study variables was summarized with
pooled and heterogeneity indicators as well as graphical com-
putations (i.e., forest plots). In particular, forest plots described
the between-study variability of point and 95% confidence
interval (CI) estimates and the weight of selected sample sizes.

The choice of a fixed or random effects model was based
on the level of between-study heterogeneity.

An inconsistency indicator (%) was used to describe the
relationship between true variability and overall variation;

values < 25%, > 25—<50%, and>50% were regarded as
low, medium, and high heterogeneity, respectively.

Bias assessment plots and the Egger weighted regression
test method were used to evaluate potential publication bias.

A two-tailed p value < 0.05 was considered statistically
significant.

The statistical computations were carried out with the sta-
tistical softwares STATA version 15 (StataCorp, Lakeway
Drive, College Station, TX, USA) and StatsDirect version
3.1.12 (StatsDirect Ltd.).

Results
Study selection
A total of 552 records were found (Fig. 1) [19-21]. Eight full

texts were evaluated but only five were selected for the qual-
itative and quantitative analyses. Three were excluded: one

Table 3  Baseline characteristic of the patients enrolled in the selected studies

Study Sample Mean (SD)! Female, Mean (SD) Parity, Previous treatments Neurologic history,
size, n age, years n (%) BMI n (%) for SUP, n (%) n (%)

Zajda et al. 2015 20 56 (33-71)> 20 (100.0) - - - -

Futyma et al. 2015 105 63.5 (11.8) 105 (100.0) 30.4 (6.2) 2.8 (0-6) 91 (86.7) -

Futyma et al. 2016 66 65.5(9.2) 66 (100.0) 28.8 (5.7) 2.8 (0-6) 66 (100.0) -

Kowalik et al. 2018 20 61(12) 20 (100.0) - 2(2.3) 9 (45.0) 2 (10.0)

De Vries et al. 2017 65 63.0 (21.5) 65 (100.0) - - 31 47.7) -

! Standard deviation
2 Mean (range)

3 Stress urinary incontinence
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Table 4 Number of patients eligible for the follow-up

Study Follow-up period, months 6-Month follow-up, n (%) 12-Month follow-up, n (%) 24/25-Month follow-up, n (%)
Zajda et al. 2015 24 - 19/20 (95.0) 18/19 (94.7)

Futyma et al. 2015 12 - 100/105 (95.2) -

Futyma et al. 2016 24 - - 49/66 (74.2)

Kowalik et al. 2018 6 16/20 (80.0) - -

De Vries et al. 2017 18.5 - 34/38 (89.5) 21/27 (77.8)

(Zajda et al. 2013) [22] included the same cohort selected for
the analysis in 2015 [19], whereas the others by Chan et al. in
2017 [23] and Renard et al. in 2017 [16] were a narrative
review without any clinical outcomes and a study including
male patients, respectively.

Characteristics of the selected studies

Selected manuscripts were published between 2015 and 2018
(Table 2). They described studies performed between 2011
and 2016. All (5, 100%) studies were carried out in Europe;
one (20.0%) of them was performed in Poland and Qatar
(multicentric). In particular, three (60%) were conducted in
Poland and two (40.0%) in The Netherlands. The majority
(4, 80.0%) were prospective cohort studies and only one
(20.0%) a retrospective cohort study.

Characteristics of the study samples

Sample sizes ranged from 20 to 105 patients (Table 3). Their
mean ranged between 56 and 65.5 years. The most represent-
ed gender was female (100%). The information on mean BMI
was only included in two (40.0%) studies and ranged from
28.8 to 30.4. Parity was > 2 in three (60.0%) studies. Four
(80.0%) manuscripts described previous therapy for stress uri-
nary incontinence: at least one out two (range: 45.0%—

100.0%) were previously exposed to therapeutic interventions
before Urolastic®. Only one (20.0%) paper reported on neu-
rologic disorders of recruited individuals.

Duration of follow-up after Urolastic® injections was sig-
nificantly heterogeneous, ranging from 6 to 24 months. Only
two (40.0%) studies planned a long (i.e., 24-month) follow-up
for their entire cohorts (Table 4). The mean and median dura-
tions of the follow-up were 16.9 and 18.5 months,
respectively.

The same treatment outcomes were not assessed by all
investigators (Table 5). Secondary injections (re-injections)
were needed in 16.7%-35.0% of the treated patients. The
mean time between primary and secondary injection was
9 weeks. The pooled proportion of secondary injections
(re-injections) was 20% (95% CI: 15%—24%; 1?: 0%)
(Fig. 2).

Subjective improvement, measured by different means
(i.e., patient global impression of improvement PGI-I score;
completely dry, with complete dryness between catheteriza-
tion), was only assessed by 40% of the selected papers and
was > 80% in three cohorts (Fig. 3).

The objective treatment success was evaluated by four
(80.0%) papers (Table 5) and was achieved in all cohorts with
a wide proportional range: from 32.7% (Futyma et al. in 2016
[21], 16/49 with 24-month follow-up; i.e., patients without
objective SUI symptom cough tests and with a negative pad

Table 5 Outcomes of patients treated with Urolastic

Study Second injection, Subjective improvement, Objective treatment success, Complications
n (%) n (%) n (%) n (%)

Zajda et al. 2015 7/20 (35.0) - 12/18 (66.6)" 8/18 (44.4)

Futyma et al. 2015 18/105 (17.1) - 67/100 (67.0) 17/105 (16.2)

Futyma et al. 2016 11/66 (16.7) - 16/49 (32.7) 17/66 (25.8)

Kowalik et al. 2018 5/20 (25.0) 18/20 (90.0)* 13/20 (65.0) 11/20 (55.0)

De Vries et al. 2017 12/65 (18.5) 45/54 (83.3) - 41/62 (66.1)

!'Stamey grade, 1-h pad test, number of pads used by the patient (averaged over 3 days before the day of visit to the clinic), number of incontinence
episodes per 24-h and I-QoL questionnaire. Success was defined as an improvement in the Stamey Scale of 1 or more grades [4]. Other indicators of
success were reports of > 50% reduction in the number of: incontinence episodes/day, number of pads/day, and weight of the 1-h pad weight test

% Patients were considered completely cured when they were free of all objective SUI symptoms cough tests and the pad test being negative

3 Patient global impression of improvement of the PGI-I score 6 months after surgery

4 Negative cough stress test with a comfortably filled bladder in the lithotomy position at 6-month follow-up, disease-specific quality of life related to

micturition and sexual function, adverse events, and re-interventions

@ Springer
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Fig. 2 Re-injection rate

Zajda et al, 2015

Futyma etal, 2015

Futyma et al, 2016

Kowalik et al, 2017

De Vries et al, 2017

combined

Fixed effects

Re-injections

bl 0.35 (0.15-0.59)

—.— 0.17 (0.10-0.26)

—.—— 0.17 (0.09-0.28)

= 0.25 (0.09-0.49)

—.— 0.18 (0.10-0.30)

@ 0.20 (0.15-0.24)
-———¥———7————
0.2 0.4 0.6 0.8

proportion (95% confidence interval)

Pooled proportion = 0.20 (95% CI = 0.15 to 0.24)
12 = 0% (95% CI = 0% to 64.1%)

test) to 67.0% (Futyma et al. in 2015 [20], 67/100). The
pooled proportion was 57% (95% CI: 38%—75%; 1*: 82.3%)
(Fig. 4).

Complication rates, reported by all studies but one, sig-
nificantly varied, ranging from 16.2 to 66.1% (Table 5). The
pooled proportion was 36% (95% CI: 17%-57%; 1*:
91.3%) (Fig. 5). De Vries et al. [17] studied 65 patients,
but 3 were lost to follow-up, and complications were not
documented. Thus, they had 41/62 (66.1) overall complica-
tions. However, the most relevant adverse events such as
exposure or erosion occurred in 27.4% only in the study of
De Vries et al. [17]. An exposure was considered a part of

Fig. 3 Subjective improvement

Kowalik et al, 2017

Ranard et al, 2017

De Vries et al, 2017

combined

Fixed effects

the implant that was not covered by tissue. Some of them
were a trail of material that had solidified in the injection
channel. The trails can often be removed with a forceps
without the need for anesthesia. Erosions are a delayed
complication; these arise when implants erode through the
tissue. This was mainly observed at the anterior vaginal
wall and was left untreated if there were no complaints.
Futyma et al. [21] reported 17/66 (25.8%) complications
overall but only specified the kind of complication in 11
cases. The most common (>20%) complications were com-
plaints of urgency, post-voiding residual > 150 ml, and ex-
posure or erosion (Table 6).

Subjective improvement

—— 0.9 (068099

b 0.80 (0.28-0.99)

0.83 (0.71-0.92)

0.84 (0.75-0.91)

0.0

—r T T T T T T T T ™
0.2 0.4 0.6 0.8 1.0

proportion (95% confidence interval)

Pooled proportion = 0.84 (95% CI = 0.75 to 0.91)
I? (inconsistency) = 0% (95% CI = 0% to 72.9%)
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Fig. 4 Objective treatment Treatment success
success
Zajda et al, 2015* . 0.67 (0.41-0.87)
Futyma et al, 2015 __._ 0.67 (0.57-0.76)
Futyma ct al, 2016% + 0.33 (0.20-0.48)
Kowalik et al, 2017 . 0.65 (0.41-0.85)
Ranard et al, 2017 L] 0.80 (0.28-0.99)
combined </ 0.59 (0.42-0.75)
L R B B T B B B R B ™
0.0 0.2 0.4 0.6 0.8 1.0
proportion (95% confidence interval)
Random effects *24-month follow-up
Pooled proportion = (.59 (95% CI = 0.42 to 0.75)
I2 (inconsistency) = 77.7% (95% CI = 23.9% to 88.9%)
Discussion The treatment can be repeated during the follow-up to con-

Several types of materials, including paraffin, autologous
grease, polytetrafluoroethylene, glutaraldehyde combined with
bovine collagen, porcine dermis, and hyaluronic acid plants,
have been evaluated in patients with SUI. The majority of them
have been abandoned because of adverse events, hypersensitiv-
ity reactions, and migration from the injection site [24].

UBAs are implanted in the urethral submucosa and exert a
mass effect, increasing the urethral sphincter pressure and, con-
sequently, improving urinary continence [25, 26]. Their place-
ment is less invasive compared with conventional surgery.

Fig. 5 Complications

Zajda etal, 2015

Futyma et al, 2015

Futyma et al, 2016

Kowalik et al, 2017

De Vries et al, 2017

combined

Random effects

solidate the benefits obtained with the first injection and to
improve persistent symptoms. UBAs are safe and recom-
mended for patients with comorbidities and surgical contrain-
dications [27].

Our meta-analysis showed its effectiveness; the select-
ed studies showed subjective improvement (> 80% in
three cohorts), measured by different means (i.e., patient
global impression of improvement PGI-I score; complete-
ly dry, with complete dryness between catheterization);
however, it was assessed only by 40% of the selected
papers.

Complications

0.33 (0.13-0.59)

0.16 (0.10-0.25)

0.26 (0.16-0.38)

0.40 (0.19-0.64)

+

0.66 (0.53-0.78)

0.36 (0.17-0.57)

0.0

—T 77—
0.2 0.4 0.6 0.8

proportion (95% confidence interval)

Pooled proportion = 0.357598 (95% CI = 0.172509 to 0.568066)
I2 (inconsistency) = 91.3% (95% CI = 82.6% to 94.7%)
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Table 6 Details of complications associated with Urolastic therapy

Study Total Complications n (%)

Zajdaet 8/18(44.4)  Complaints of urgency 4/18 (22.2)
al. UTI 1/18 (5.6)
2015 .

Erosion 1/18 (5.6)
Painful 2/18 (11.1)

Futyma  17/105 (16.2) Bladder outlet obstruction 10/105 (9.5)
etal. Displacement under the urethra 4/105 (3.8)
2015 UTI 3/105 (2.9)

Futyma  17/66 (25.8) Bladder outlet obstruction 4/66 (6.1)
etal. Displacement under the urethra 4/66 (6.1)
2016 UTI 3/66 (4.5)

Kowalik 11/20 (55.0)  Post voiding residual >150 mL 8/20 (40.0)
ctal. Exposure 1/20 (5.0)
2018 Spontaneous kiss 2/20 (10.0)

De Vries 41/62 (66.1) Novo retention 9/62 (14.5)
etal. Exposure or erosion 17/62 (27.4)
2017

Postoperative pain -

The objective treatment success was evaluated by 80.0%
papers and was achieved in all cohorts, ranging from 32.7 to
67.0%. Its pooled proportion was 57%, thus supporting the
potential benefits of the procedure.

Duration of follow-up after Urolastic® injections was sig-
nificantly heterogeneous, ranging from 6 to 24 months. Only
two studies planned a long (i.e., 24-month) follow-up.
However, the proportion of patients followed up within
24 months was high (> 70%). Further studies should be fo-
cused on long-term outcomes, in terms of both safety and
effectiveness.

The rate of secondary injections (re-injection) was low
(20%) compared with other non-permanent bulking agents
[23], reducing direct and indirect costs from a societal and
health care perspective.

The complication rate ranged from 16.2 to 66.1%; howev-
er, the most relevant adverse events such as exposure or ero-
sion occurred in 27.4% in the study of De Vries et al. [17].

Several limitations were detected: the same treatment out-
comes were not assessed by all investigators. A possible bias
of our study concerning the safety profile of the intervention is
the selection criteria, where we excluded case reports or series,
potentially citing side effects not mentioned in other studies.
However, to reduce the heterogeneity between studies, we
decided to have more restrictive exclusion criteria. Longer
follow-up in future studies will help assess the safety and
efficacy profile of the intervention. Unfortunately, most of
the selected studies did not carry out a long-term follow-up.
A consensus is needed to identify the best indicators that could
assess the effectiveness. The heterogeneity should be signifi-
cantly reduced to allow better inter-study comparisons.
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Moreover, it is crucial to perform comparative studies be-
tween Urolastic® and alternative materials as well as surgery.
The added value of this systematic review and meta-analysis
is the summary of the current evidence; strengths and limita-
tions of Urolastic® underscored in the present study can help
researchers to improve future study designs and to homoge-
nize outcomes and end points for further comparisons.

Conclusions

The new silicone-derived elastomer Urolastic® was feasible
and effective in patients with SUI after 6 months. However,
bulking agents are not currently recommended as the first
choice intervention in the international guidelines. More stud-
ies with larger sample sizes are needed to draw definitive
conclusions.
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