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Context: Surgical nonautologous meshes have been used for several decades to repair
abdominal wall herniae. Implantable materials have been adopted for the treatment of
female and male stress urinary incontinence (SUI) and female pelvic organ prolapse
(POP).
Objective: A consensus review of existing data based on published meta-analyses and
reviews.
Evidence acquisition: This document summarises the deliberations of a consensus
group meeting convened by the European Association of Urology (EAU) and the
European Urogynecological Association, to explore the current evidence relating to
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1.

the use of polypropylene (PP) materials used for the treatment of SUI and POP, with
reference to the 2016 EAU guidelines (European Association of Urology 2016), the European
Commission’s SCENIHR report on the use of surgical meshes (SCENIHR 2015), other
available high-quality evidence, guidelines, and national recommendations.
Evidence synthesis: Current data suggest that the use of nonautologous durable materials
in surgery has well-established beneﬁts but signiﬁcant risks, which are speciﬁc to the
condition and location they are used for. Various graft-related complications have been
described—such as infection, chronic pain including dyspareunia, exposure in the vagina,
shrinkage, erosion into other organs of xenografts, synthetic PP tapes (used in SUI), and
meshes (used in POP)—which differ from the complications seen with abdominal herniae.
Conclusions: When considering surgery for SUI, it is essential to evaluate the available
options, which may include synthetic midurethral slings (MUSs) using PP tapes, bulking
agents, colposuspension, and autologous sling surgery. The use of synthetic MUSs for
surgical treatment of SUI in both male and female patients has good efﬁcacy and acceptable
morbidity. Synthetic mesh for POP should be used only in complex cases with recurrent
prolapse in the same compartment and restricted to those surgeons with appropriate
training who are working in multidisciplinary referral centres.
Patient summary: Synthetic slings can be safely used in the surgical treatment of stress
incontinence in both male and female patients. Patients need to be aware of the alternative
therapy and potential risks and complications of this therapy. Synthetic mesh for treating
prolapse should be used only in complex cases with recurrent prolapse in specialist referral
centres.
# 2017 European Association of Urology. Published by Elsevier B.V. All rights reserved.

Introduction

If lifestyle interventions, pelvic floor muscle training
(PFMT), pessary treatment, and drug therapy for stress
urinary incontinence (SUI) and pelvic organ prolapse (POP)
are unsuccessful, the surgeon may have to decide whether
to use a surgical approach. For SUI and POP surgery,
biological grafts derived from either xenograft or allograft
materials and autologous tissue are alternatives to synthetic tapes/meshes. Current evidence would not support the
use of nonautologous biological materials, whether of
human or animal origin. Nonabsorbable synthetic polypropylene (PP) tapes/meshes have widely been used and other
materials to a lesser extent. Aspects that need to be carefully
considered are the filamentous structure (mono- or
multifilament) and its pore size, surface area, textile
properties, and type of polymer used. Postimplantation
changes linked to biomechanics and host response are likely
to influence the clinical outcomes, but implantation
techniques, surgeon experience, and patient risk factors
are equally important contributing factors.
Patient stratification based on careful assessment
according to contemporary guidelines is essential, as are
adequate identification of the patient’s goals and expectations, counselling of patients, collaborative decision making, and appropriate surgeon experience and expertise. The
group highlights that the ultimate aim of any surgical
treatment for non-life–threatening conditions is to improve
the patient’s quality of life.
In view of current controversies relating to the use of
implanted materials for SUI and POP, and the lack of clear
guidelines for the use of biomaterials, the European
Association of Urology (EAU) and European Urogynecological Association (EUGA) convened this expert group to
discuss the evidence relating to current practice in this area
of functional urology and urogynaecology. The conclusions
from the group are presented in this consensus statement.

2.

The clinical problem

Pelvic floor dysfunction is a major health problem for many
women, and SUI affects an estimated one in three women
and POP affects an estimated one in nine women [1]. It is
strongly linked to childbearing [2], obesity, and advancing
age, and it is not surprising that there has been an increase
in the lifetime risk that a woman will undergo a surgery for
SUI and POP, from 11% in 1997 to 19–20% at present [3,4]. A
Norwegian study [5] reported the percentage of patients
with SUI to be approximately half of all women with
incontinence, with the remainder characterised as urgency
(11%) and mixed incontinence (36%). In a large observational cohort study, anatomical prolapse stage 2 or higher
was observed in more than one of two women 12 yr after
first delivery [6]. In another study, 24% of prolapses
protruded beyond the hymen, a point where most women
become symptomatic [7]. The lifetime risk for parous
women to undergo at least one surgical treatment for either
SUI or POP is 1:10 [8]. With surgical repair using native
tissue there is a failure rate for primary repair of POP of
approximately 17–20% in 10 yr [9]. This has resulted in the
adoption of mesh-augmented prolapse repair.
POP is less commonly seen in male patients, and SUI is
usually seen only as a consequence of surgery on the
prostate—usually after radical prostatectomy for prostate
cancer, where percentages up to 31% are reported [10], or
intervention albeit far less commonly for benign prostatic
obstruction.
3.

Treatment of SUI in women

PFMT/physiotherapy is usually considered to be an effective
treatment for mild to moderate SUI in the short to medium
term and certainly is more effective than no treatment. One
large multicentre randomised controlled trial (RCT) compared PFMT/physiotherapy and synthetic midurethral-sling
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(MUS) surgery in women with SUI and showed a
significantly higher patient-reported success rate in women
who underwent MUS surgery at 1-yr follow-up (91% vs 65%;
95% confidence interval [CI] 18.1–34.5). Similarly, the
objective cure rates were higher in the MUS group.
Interestingly, the favourable results with MUS pertained
in a per-protocol analysis, which showed that women who
crossed over to the surgery group had outcomes similar to
those of women initially assigned to surgery and that both
these groups had outcomes superior to those of women who
underwent PFMT only [11]. In addition, PFMT requires
persistence and some form of maintenance programme to
preserve the curative effect. Such an effort may lead a
substantial number of women to abandon the PFMT
programme and seek alternative forms of treatment that
may provide more rapid cure [11].
Open retropubic colposuspension was commonly used
until 15 yr ago and has been a widely evaluated surgical
technique for SUI. Open retropubic colposuspension is
associated with high rates of objective and subjective cure,
especially in the long term [12]. After 5 yr, approximately
70% of women remained ‘‘dry’’. Laparoscopic colposuspension is associated with similar cure rates of SUI when
compared with open colposuspension if undertaken in the
same way, but with a lower risk of complications and a
shorter hospital stay [13]. Colposuspension, however,
involves significant repositioning of the anterior pelvic
compartment and is associated with a significant incidence
of secondary POP of the posterior pelvic compartment [14]. A
most recent systematic review and meta-analysis showed
that synthetic MUSs were associated with significantly
higher cure rates compared with colposuspension in both
patient-reported outcomes (any definition of continence:
81.8% vs 73.6%, odds ratio [OR]: 0.59; 95% CI: 0.45–0.79;
p = 0.0003) and objective continence rates (negative stress
test: 79.7% vs 67.8%, OR: 0.51; 95% CI: 0.34–0.76; p = 0.001).
Notably, stratifying the colposuspension outcomes according to the surgical approach (open vs laparoscopic), the
differences in favour of synthetic MUS pertained [15].
Several techniques have been described using needle
suspension; however, this is now rarely used due to poor
long-term durability as well as complications associated
with the synthetic cuffs used [16].
The pubovaginal and autologous fascial sling techniques
have been used for many years and are usually performed
via an abdominal route. The autologous sling is made of a
strip of tissue from the abdominal rectus fascia or fascia lata.
Autologous fascial slings are associated with similar cure
rates of SUI for women when compared with open
colposuspension, but with a higher risk of postoperative
complications (bladder outlet obstruction, need for selfcatheterisation, etc.) [17,18]. In recent years, a shorter sling
(sling on a string) has been used based on a needle
suspension technique, in a more minimally invasive manner,
placed loosely and midurethrally [19]. The updated systematic review and meta-analysis showed that, on the whole,
synthetic MUSs and autologous slings were associated with
similar effectiveness and similar prevalence of complications. However, there was a clear trend towards lower
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reoperation rates and lower postoperative storage symptoms with synthetic MUSs [15].
MUS using synthetic PP tape is the recommended
method of surgical approach for the correction of SUI in
the 2016 EAU guidelines. Both retropubic and transobturator (TO) approaches are well-established standard MUSs
within clinical practice. The 2015 Cochrane review [20] and
the recent SCENIHR report [21] concluded that synthetic
MUSs are the most extensively researched surgical treatment for SUI, with over 200 published clinical trials
establishing its effectiveness and good safety profile.
Long-term outcomes for the TO approach have since been
published [22–24]. In recent years, some surgeons used
single-incision mini-slings in clinical practice; however, no
long-term data exist on their efficacy [21,25]. One systematic review have shown that excluding TVT-Secur, there was
no evidence of significant differences in patient-reported
and objective cure compared with MUSs at 18-mo followup, while they were associated with more favourable
recovery [26].
Urethral balloons and injectables are not recommended
as first-line therapy for SUI [25]. Bulking agents are
associated with lower cure rates of SUI when compared
with colposuspension or autologous fascial slings
[27]. There are insufficient data concerning periurethral
stem cells (autologous myoblasts, muscle-derived stem
cells, and autologous fibroblasts) injection that is supposed
to treat intrinsic sphincteric deficiency [28].
The artificial urinary sphincter (AUS) [29] in women has
not yet been widely used or evaluated in an RCT. This
technique is not recommended as a first-line surgical
treatment for SUI [25,30–32].
4.

Treatment of POP in women

Spontaneous progression of symptoms and/or anatomical
status in women with POP is common, but a large
prospective cohort study concluded that only a small
proportion of women with symptomatic POP show progression within 5 yr [33,34].
Whilst local vaginal oestrogen therapy can provide good
symptomatic relief for urogenital atrophy, there is no
evidence that it is beneficial in correcting POP [35].
PFMT, with or without pessary use, should be considered
as treatment for stage 1 or 2 POP (there is evidence that
PFMT does not work well for stage 3 or 4 POP), but the
training needs proper instruction from a specialist in
women’s health physiotherapy and close follow-up to be
effective. PFMT is associated with some improvement in
symptoms in the short term (12 mo) for early-stage POP and
a marginal decrease in International Continence Society POP
quantification system stage [36]. Lifestyle advice to patients
such as weight loss and improving general physical fitness is
recommended, to attempt to improve symptoms and
prevent progression of POP. However, irrespective of initial
PFMT, many patients will require surgical intervention.
Pessary use is an effective and patient-reported satisfactory
treatment albeit with side effects, but the discontinuation
rate is high at long-term follow-up [37].
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Anterior colporrhaphy is performed through an anterior vaginal wall incision and plication of the vaginal tissues
in the midline using absorbable sutures. Recurrence
rates are high when using anatomic outcome criteria.
However, when contemporary ‘‘functional’’ outcome
measures are used, with appropriate selection of patients,
better results can be obtained [38,39]. The technique
of transvaginal rectocele repair allows correction of
fascial defects, by separating the rectum and vaginal
epithelium [40].
The relatively high recurrence and reoperation rates
(30%), especially after traditional (anterior/posterior) repair,
and the high success rates for using mesh in abdominal
hernia surgery and SUI surgery led to the quick adoption of
transvaginal mesh (TVM)-augmented pelvic floor repair
procedures. However, concerns have been raised on the
safety of TVM, with serious adverse events being reported.
The Food and Drug Administration issued a series of
statements on the safety of TVM and finally reclassified
TVM in prolapse repair into high-risk devices. The PROSPECT
multicentre RCT comparing traditional repair versus
synthetic mesh and biological grafts in >1000 women and
with 24-mo follow-up has recently been published [41].
The results showed no benefit from TVM- or biological graftaugmented pelvic floor repair over the traditional repair in
both patient-reported outcomes (at 2 yr) and objective
outcomes (at 1 yr). In addition, there were no significant
differences in serious adverse events, dyspareunia rates,
recurrence of prolapsed, or reoperation rates for prolapse.
However, 12% of women in the synthetic mesh group
underwent reoperations for management of mesh complications. The authors concluded that in absence of any
benefit, synthetic mesh-augmented pelvic floor repair as a
primary prolapse procedure may pose unnecessary risks;
however, they emphasised the importance of long-term
follow-up.
Depending on the patient’s individual characteristics, the
treatment of a uterine/apical prolapse can entail hysteropexy or colpopexy, or hysterectomy with colpopexy [40]. A
variety of procedures exist for vault/uterine suspension for
women who are deemed fit for surgery; the two most
commonly performed procedures are sacrocolpopexy
(open/laparoscopic/robotic) and vaginal sacrospinous fixation (SSF). Other procedures include uterosacral vault
suspension and the rarely performed Infracoccygeal vaginal
sling (IVS).
Abdominal sacrocolpopexy (ASC) is the most durable
operation for advanced POP and serves as the criterion
standard with which other operations are compared
[40]. ASC involves attaching the vaginal apex to the
sacral anterior longitudinal ligament reinforced with a
graft, usually synthetic mesh [42,43]. The Cochrane
review showed that compared with SSF, ASC was
associated with significantly fewer women being aware
of prolapse or requiring repeat surgery and lower rates
of postoperative dyspareunia. Long-term outcomes (7 yr)
for the well-designed CARE study reported that nearly
one-third of women who underwent ASC met their
composite definition of failure. The reoperation rate

was 16.7%—almost divided equally into one-third for
POP, one-third for SUI, and one-third for mesh-related
complications.
Colpocleisis (LeFort colpocleisis, colpectomy) is offered
to women with POP, who no longer wish to preserve
vaginal coital function. The technique consists of vaginal
closure +/– colpectomy. Colpocleisis is associated with high
success rates, and low recurrence and complication rates,
especially after the age of 80 yr [44–46].
Uterine suspension using nonabsorbable sutures has
widely been reported by laparotomy or laparoscopy
[47]. The use of strips of skin [48] or fascia lata [49] for
uterine and bladder suspension has also been described.
Abdominal uterosacral ligament suspension (colpopexy)
consists of suspending the vaginal apex (mainly following
concomitant hysterectomy) to the uterosacral ligaments,
using nonabsorbable or absorbable sutures, laparoscopically
[50,51] or by laparotomy [52–54]. It has been reported that
abdominal uterosacral ligament colpopexy (with concomitant hysterectomy) was associated with an increased risk of
recurrence (6.2 times higher) when compared with ASC and
hysterectomy [55]. The long-term anatomical and functional
outcomes, and the exact number and nature of complications, are, at this moment, not well studied for these
procedures.
4.1.

Consensus view

In addition to a consensus discussion, careful consideration
of the European Commission’s Scientific Committee on
Emerging and Newly Identified Health Risks report on the
safety of surgical meshes used in urogynaecological surgery
[21] was undertaken, and this consensus follows on from
and supports the deliberations of that panel.
A number of different types of potential materials can be
used in POP and SUI mesh surgery, which include the
following categories:
1.
2.
3.
4.

Allografts (eg, cadaveric fascia and dura mater)
Xenografts (eg, porcine and bovine)
Autografts (eg, fascia lata and rectus fascia)
Synthetic meshes (nonabsorbable, eg, PP mesh as well as
absorbable)

It is important to differentiate between the use of
synthetic MUSs for the treatment of SUI and large surface
areas of mesh for treating POP.
Based on the work with mesh in anterior abdominal
hernia repair, a classification of synthetic mesh material has
been reported [56]. A type 1 macroporous PP mesh has been
proposed as the most appropriate material for vaginal
implantation for SUI and POP, the principal characteristics
being that it should be monofilament with the pore size
being >75 microns. It is evident that a number of materials
had been evaluated in managing anterior abdominal wall
hernias until this classification was formulated. Careful
consideration needs to be given to the design and weave of
synthetic mesh materials, as these can have a significant
effect on efficacy and safety.
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It is our consensus that types 2 and 3 (microporous,
<10 microns, mono- and multifilament) and type 4
(submicronic and monofilament) are not appropriate for
use in this clinical context.
When considering risk factors for mesh materials, it is
important to consider the following important issues:
1. Overall surface area of the material used (which is
greater for POP than for SUI)
2. Mesh design (eg, physical characteristics of the mesh,
size of the pore as a predisposing factor to infection—in
particular with a pore size of <75 microns)
3. Material (biocompatibility, long-term stability, flexibility, elasticity, etc.)
The factors influencing the surgical outcomes are as
follows:
1. Indication for which the material is used
2. Overall surface area of the material used (lower overall
surface area for SUI than for POP)
3. Material characteristics (polymer used, physical characteristics of the mesh, size of the pores, surface area,
biocompatibility, long-term stability, compliance)
4. Route of implantation (eg, vaginal or transabdominal)
5. Patient characteristics (eg, somatic inflammatory disease,
obesity, smoking)
6. Associated procedures (eg, hysterectomy)
7. Surgeon experience
There is a lack of both preclinical and real-life practice
clinical data. Whilst there are randomised controlled
studies, the majority are limited in terms of the number
of recruited individuals and duration of follow-up, and they
do not evaluate differences in product design.
It is clear that:
1. The risk of use of a mesh increases with its surface area
and, thereby, its increasing density.
2. In this context, a clear distinction should be drawn
between the tape used for synthetic MUSs and the larger
amount of mesh used to treat POP. A significantly greater
amount of mesh is implanted in patients with POP than
in those with SUI.
3. Surgeons should be adequately experienced in the
management of SUI and POP, and should have all the
therapeutic options available (or be able to refer to
colleagues if required). Patients should be appropriately
assessed and counselled prior to making a decision to
undergo surgery, regarding the experience of the
surgeon and results of the proposed technique.
4. There is higher mesh-associated morbidity when treating patients with POP as compared with using synthetic
MUSs for SUI.
5. The efficacy and use of synthetic MUSs for SUI is evident,
and it can be recommended for use in clinical practice,
whilst acknowledging the limitations of existing longterm data and under-reporting of other studies relating
to long-term follow-up in real-life clinical practice.
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6. Synthetic MUSs are now the most widely used surgical
approach for SUI with well-established success rates and
safety profile. The efficacy is higher than colposuspension and comparable with autologous slings, but with
lesser morbidity compared with colposuspension. Morbidity is uncommon, but may occur either at the time of
implantation (eg, bladder perforation or vascular/bowel
injury) or subsequently (eg, tape exposure, pain, or
erosion into the urinary tract). Existing data do not allow
reliable quantification of tape-specific long-term risks,
but it may be 4% [57].
7. Vaginally implanted mesh for POP is associated with
increased risks. Its use should be restricted to the special
group of patients defined according to established
evidence-based clinical guidelines or in the context of
ethics committee-approved clinical research. Its use
should also be restricted to expert individuals working in
specialised departments. Whilst the risk associated with
the transabdominal insertion of mesh for POP is
considered more acceptable, its use should also be
restricted to specialist practice.
8. Based on the available scientific evidence, the SCENIHR
[21] recommends the following:
(a) Implantation of any mesh for the treatment of POP
via the vaginal route should only be considered in
complex cases, in particular after failed primary
repair surgery.
(b) Owing to increased risks associated with the use of
synthetic mesh for POP repair via a transvaginal
route, this option should only be used when other
surgical procedures have already failed or are
expected to fail.
(c) The amount of mesh should be limited for all
procedures where possible. However, there is a need
for further improvement in the composition and
design of synthetic mesh, in particular for POP surgery.
(d) A certification system for surgeons should be
introduced based on existing international guidelines and established in cooperation with the
relevant European Surgical Associations.
(e) Appropriate patient selection and counselling are of
paramount importance for the optimal outcome for
all surgical procedures, particularly for the indications discussed. This should be based on the results
of further clinical evidence, which should be
collected in a systematic fashion for all these devices.
9. Therapy should only be instituted in accordance with
EAU guidelines and with full informed consent of all
patients.
5.

Treatment of SUI in men

Physiotherapy is considered to be better than no treatment
at all, as it is suggested that patients should not undergo
surgery for stress SUI for at least 6 mo and preferably not
before 1 yr after initial surgery. In addition, it is important to
exclude the presence of an anastomotic stenosis and
bladder dysfunction in cases of postradical prostatectomy
prior to considering any corrective surgery.
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Urethral injections of bulking agents have been advocated, but no existing evidence indicates that bulking agents
cure postprostatectomy incontinence. There is weak evidence that bulking agents can offer temporary improvement of incontinence and in quality of life in men with
postprostatectomy incontinence [25].
The AUS is considered to be the standard of care for men
with moderate to severe SUI; however, the quantity and
level of evidence for effectiveness is low with no welldesigned prospective RCTs. Nonrandomised cohort studies
suggest that primary AUS implantation is effective for cure
and improvement of SUI in men, but may be less effective
for men who have had pelvic radiotherapy and associated
with higher morbidity such as erosion.
5.1.

Male synthetic mesh sling

Slings tapes are positioned under the bulbar urethra, and
fixed by a retropubic or TO approach. Possible risks include
voiding dysfunction, device erosion, and chronic pain [25],
although these are significantly lower in comparison with
women.
There is no evidence that adjustability of male sling
systems offers an additional benefit over other types of male
slings, but may require multiple adjustments [25]. Possible
complications include voiding dysfunction, device erosion,
chronic pain (more often compared with fixed male
synthetic mesh slings), infection, and explantation due to
infection and chronic pain.
5.2.

Consensus view

Synthetic male slings are accepted as an effective therapy,
with expert opinion suggesting that they are most
appropriately directed at the treatment of men with milder
forms of stress incontinence, with AUS implantation being
more appropriately used in patients with all degrees of
severity, but more so in more severely symptomatic
patients. There is an absence of adequate randomised
controlled studies looking at surgical treatment, and further
comments on efficacy await the results of such work, such
as the MASTER trial in the UK which has so far recruited over
270 men of the 360 required [58]. Synthetic slings using
existing material are reported to be associated with
postoperative discomfort in up to 10% of patients with a
low incidence of infection and mesh exposure. This is
considered to be an acceptable therapy in contemporary
practice. Patients should be adequately counselled about
the safety and efficacy of therapeutic options. In addition,
proper patient selection is necessary to achieve good
results.

to those surgeons with appropriate training who are
working in multidisciplinary referral centres. Patients
should be adequately informed regarding the potential
success rates and mesh-related adverse events compared
with nonmesh alternatives, and should be engaged in the
decision-making process.
We recommend the following as essential for the future:
1. Design implants specifically for their application, rather
than extrapolate from indications in abdominal wall
repair.
2. Establish accurate and complete databases registering
the numerator and denominator, patient profile and
surgical experience.
3. Establish long-term assessment in high-quality RCTs
and mandatory postmarketing registries.
4. Research new materials that should be introduced into
clinical practice according to a cautious and rigorous
process [59].
5. Follow the evidence-based EAU and EUGA guidelines
[25,60].
6. Support and register the specialist training of surgeons
in urology and urogynaecology.
7. Encourage multidisciplinary team working.
8. Develop appropriate information for patients.
9. Collaborate with patient advocacy groups.
10. Encourage premarketing safety and efficacy data before
using a product in routine clinical practice.
11. Establish reference centres for reinterventions (complicated cases).
12. Use condition-specific patient-reported outcome measures wherever possible.
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6.

Overall conclusions

It is clear that the use of synthetic MUSs for surgical
treatment of SUI in both male and female patients has good
efficacy and acceptable morbidity. However, synthetic
mesh for POP should be used only in complex cases with
recurrent prolapse in the same compartment and restricted
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