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Abstract
Introduction and hypothesis Stress urinary incontinence (SUI) surgery has significantly evolved with the introduction of syn-
thetic midurethral slings (MUS). However, following reports from the US Food and Drug Administration and European
Commission, the use of vaginal meshes in urogynaecology has been largely scrutinised. We analysed trends in female SUI
surgery in England from 2000 to 2017.
Methods The Hospital Episode Statistics database was retrieved from the Health and Social Care Information Centre website.
Specific four-character codes of the evolving OPCS-4 coding system were used to quantify SUI operations.
Results We analysed 180,773 admissions from 2000 to 2017. A steep rise inMUS use was noted until 2008–2009, followed by a
consistent drop, with a nadir of 6383 procedures in 2016–2017. Removal of MUS has become increasingly popular, with a peak
of 591 in 2012–2013. Numbers for traditional continence operations remained low. Colposuspensionsmarkedly decreased to 189
in 2012–2013, with a slight positive trend only in the last few years, while autologous sling use costantly dropped from 262 to
124 throughout the study period. Admissions for urethral bulking agents increased from 650 to 1324 in the last 2 years.
Conclusions MUS represents the most commonly performed procedure for SUI, despite an obvious reduction in the last 8 years.
Urethral bulking agents are becoming more popular, while the numbers of colposuspensions and autologous slings are still low.
Training programmes should take into account current shifts in surgical practice.
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Introduction

Stress urinary incontinence (SUI) is a quality-of-life burden
for 14.8–31.8% of women [1]. Surgical treatment is consid-
ered a valuable option when conservative measures fail. Over
the last 2 decades, interventions for SUI have greatly evolved
and become less invasive with the introduction of synthetic
midurethral slings (MUS) [2]. Robust evidence revealed that
MUS were as effective as traditional surgery and have there-
fore become the procedure of choice for several years [3–5].
However, when counselling patients, the National Institute for
Health and Care Excellence (NICE) guidelines recommend a
thorough discussion regarding risks and benefits of the

different surgical options available, including not only MUS,
but also colposuspension, autologous fascial sling, and inject-
ables [6].

Reports from the US Food and DrugAdministration (FDA)
in 2008 and 2011, European Commission (SCENIHR) in
2015, and, subsequently, national media have drawn attention
to urogynaecological mesh implants and their related compli-
cations. Although these mainly focused on transvaginal mesh
augmentation for pelvic organ prolapse, the use of synthetic
slings for SUI has been extensively scrutinised. This resulted
in increasing litigation and debate about the safety of MUS,
which led to an official Bpause^ in vaginal mesh surgery since
July 2018 in England [7, 8]. Interestingly, concomitanly with
the first FDAwarning, a reduction in the admissions for MUS
and a rise in their removal were documented in the NHS from
2008 to 2012 [9].

The Hospital Episode Statistics (HES) database includes
admissions and procedures of NHS hospitals in England.
Interventions are coded with the Office of Population
Censuses and Surveys Surgical Operations and Procedures,
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Fourth Edition (OPCS-4). While it was developed for
commissioning and reimbursement, its accuracy supports the
use for research [10]. HES data have already been used to
describe changes in the surgical treatment of female SUI be-
tween 2000 and 2012, with a focus mainly on MUS [9, 11].
However, data reflecting current practice are lacking. In view
of the more recent safety warnings regarding meshes from
scientific committees (FDA and SCENIHR) and media, we
hypothesised a further reduction in the admissions for MUS
with a concomitant rise of colposuspension, autologous fas-
cial sling and injectables. Thus, we aimed to describe trends of
surgery for female SUI in England over the last 17 years.

Methods

We retrospectively analysed public domain information from
the HES database available on the Health and Social Care
Information Centre website. Different operations were identi-
fied using specific four-character codes of the evolving
OPCS-4 coding system. This is a classification of procedures
and interventions carried out during in-patient stays or day-
case surgery within the NHS. Reports on admitted patient care
are published every year. We did not include treatments per-
formed in the outpatient setting as their coding is not manda-
tory. Data were extracted from reports between 2000 to 2017.
We included admissions for SUI surgery and also interven-
tions for removal of MUS. As highlighted in Table 1, conti-
nence operations were cathegorised as Btraditional surgery ,̂
BMUS^, and Burethral bulking agents^ to facilitate the analy-
sis of the trends. We did not seek ethical approval as we used
public domain and anonymous data.

Results

Overall 180,773 admissions from 2000 to 2017 were includ-
ed. SUI procedures initially rose, from 8473 in 2000–2001 to
a peak of 13,259 in 2008–2009. Subsequently, numbers grad-
ually fell, with a decrease of 30% in the last 3 years, from
11,666 in 2013–2014 to 8150 in 2016–2017 (Fig. 1). The vast
majority were MUS, followed by traditional surgery and in-
jectables, which constituted 80.6%, 10.6%, and 8.8% of the
SUI procedures, respectively (Fig. 2).

During the first decade, we recorded a fourfold increase in
MUS, from 2706 in 2000–2001 to 11,801 in 2008–2009.
However, a negative trend followed as admissions for MUS
almost halved, with 6386 tapes performed in 2016–2017.
Regarding type of MUS, retropubic tension-free vaginal tape
(TVT) has been consistently preferred to transobturator tape
(TOT), with respective peaks of 7015 in 2007–2008 and 4506
in 2008–2009 (Fig. 3). Of note, specific codes for TVT
(M53.3) and TOT (M53.6) were only added in 2006–2007,
while beforehand these were grouped together into Bother
specified vaginal operations to support outlet of female
bladder^ (M53.8).

Overall, we counted 107,821 insertions versus 5143 (4.7%)
MUS removals since 2006–2007, when coding for total
(M53.4), partial (M53.5) removal of TVT and removal of
TOT (M53.7) were introduced. Initially, these admissions in-
creased with a total of 591 procedures in 2012–2013 and only
recently dropped to 411 in 2016–2017. Specific trends are
shown in Fig. 4. Partial removal of TVT represented the pre-
dominant group, with a peak of 349 cases in 2012–2013
followed by a gradual decline until 219 in 2016–2017.

Coding for traditional surgery significantly fell, from 4383
in 2000–2001 to < 500 per year since 2008–2009. In

Table 1 SUI procedures and
respective four-digit codes Procedures OPCS-4 codes

Traditional surgery Abdominoperineal suspension of urethra M51.1

Endoscopic suspension of neck of bladder M51.2

Other specified combined abdominal and vaginal
operations to support outlet of female bladder

M51.8

Suprapubic sling operation M52.1

Retropubic suspension of neck of bladder M52.2

Colposuspension of neck of bladder M52.3

MUS Introduction of tension-free vaginal tape M53.3

Introduction of transobturator tape M53.6

Other specified vaginal operations to support
outlet of female bladder

M53.8

Removal of MUS Total removal of TVT M53.4

Partial removal of TVT M53.5

Removal of TOT M53.7

Urethral bulking agents Endoscopic injection of inert substance into outlet
of female bladder

M56.3
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particular, colposuspensions steeply dropped from 3758 to
189 betweeen 2000–2001 and 2012–2013. Then, their trend
inverted, with 257 procedures coded in 2016–2017. On the
other hand, small numbers of autologous slings have been
performed throughout the study period. Nevertheless, a grad-
ual decrease was recorded, from 262 in 2000–2001 to 124 in
2016–2017 (Fig. 5).

Regarding injectables, procedures annually coded ini-
tially dropped from 1384 (2000–2001) to a nadir of 649
(2004–2005). However, in the last 2 years, a marked
increase was noted, with 1324 admissions in 2016–
2017 (Fig. 6).

Discussion

Surgical management of female SUI has been evolving over
the years. Our study shows a substantial rise in the total num-
ber of interventions from 2000 to 2009, followed by a costant
decline up to 2017. MUS rapidly increased, becoming the
most commonly performed procedure for SUI. However, fol-
lowing safety warnings regarding the use of mesh, the number
of MUS has progressively fallen. Admissions for
colposuspensions markedly dropped and plateaued in 2007,
while the numbers of autologous slings remained persistently
low throughout the study period. Of note, despite the obvious
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negative trend for MUS and traditional surgery, injectables
have only recently become more popular.

Since its introduction, a marked increase in MUS surgery
has been documented worldwide, including the US (1998–
2007) [12], Australia (1994–2009) [13], Taiwan (2006–
2010) [14], Belgium (1997–2007) [15], and Finland (1987–
2009) [16]. Interestingly, there are very few long-term data
regarding practice following FDAwarnings. Rac et al. report-
ed on eight academic centres across the US from 2007 to 2013
[17]. A decrease in MUS use was registered, with a concom-
itant rise of mesh revisions. Also, these trends became more
obvious following the second FDAwarning in 2011. Recently,
Brown et al. analysed data from Medicare Australia, showing

a plateau in MUS surgery between 2009 and 2011 and a sub-
sequent drop between 2012 and 2014 [18]. While these MUS
patterns were comparable to our study, other continence pro-
cedures showed different trends. In fact, admissions for autol-
ogous sling becamemore popular in the US, representing 21%
and 30% of all SUI interventions, in 2007 and 2013, respec-
tively. On the other hand, practice in Australia was more sim-
ilar to that in England, with an overall reduction of admissions
for SUI as alternatives to MUS were performed in a small
number of patients.

There are no reports from Europe regarding current prac-
tice. We investigated changes in SUI surgery over the last
17 years. We demonstrated a spike in MUS until 2009.
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Synthetic slings may have been initially introduced in a large
cohort of women with long-standing symptoms of SUI, who
were reluctant or not fit for traditional surgery. The develop-
ment of a minimally invasive approach may have also encour-
aged clinicians to offer continence surgery. MUS may have
appeared a relatively easy procedure to perform, resulting in a
lower threshold for treating women with SUI. However, the
scenario has drastically changed over the last few years.

SUI surgery has progressively become less popular in
England, with a consistent drop of continence procedures per-
formed since 2009. This was mainly a reflection of MUS
trends. In fact, despite robust evidence supporting its safety
and effectiveness [5], MUS plateaued following the first FDA
warning in 2008, while markedly declined after the second
FDA communication in 2011. Subsequently, the use of

vaginal synthetic slings has been increasingly the object of
negative publicity from the media, medico-legal litigation
has become more common, and therefore clinicians might
have felt overwhelmed. We showed a twofold increase in
MUS revisions over the years. Potential indications for mesh
removal include voiding difficulties, vaginal exposure, blad-
der or urethral perforation, infection, and chronic pelvic or
groin pain. In our cohort we were not able to analyse the
indication for the removals as this information was not avail-
able in the public domain of the HES database.

Interestingly, Rice et al. [19] investigated women’s percep-
tion of mesh-related issues and noted a significant rise in com-
plaints following the FDAwarning in 2011, while the diagno-
sis rate of mesh complications did not change. Current atten-
tion regarding meshes may have led patients to increasingly
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demand their removal. On the other hand, concerns about
potential lawsuits may have led clinicians to lower the thresh-
old for offering revision surgery. In July 2018, the use of any
mesh for SUI was suspended by the English government in
order to carry out a thourough investigation on its risks for
women [8]. In this environment, SUI surgery is performed less
frequently as women may be more reluctant to seek medical
advice, relying longer on conservative management for SUI.
Of note, a recent Canadian study evaluated awareness of
women towards treatment options or SUI. Pelvic floor phys-
iotherapy represented the most appealing remedy, followed by
pessary and surgery [20].

We reported an obvious preference for the retropubic com-
pared with the transobturator approach. This is more likely to
depend on a surgeons’ rather than patients’ choice. In partic-
ular, groin pain is a well recognised complication specific to
TOT. If persisting and debilitating, this may represent a surgi-
cal conundrum.Most of the clinicians are not familiar with the
complex anatomy of the groin and do not have the necessary
expertise to completely remove a tape through the obturator
canal. On the other hand, surgeons are more used to eventually
exploring the retropubic space, as this is encountered when
performing traditional surgery. However, UK trends contrast
with practice in the rest of Europe. In Finland, while TVT
markedly decreased from 2002, admissions for TOT increased
and eventually overtook TVT in 2007 [16]. A recent survey
among IUGA members also revealed a definite preference for
TOT versus TVT for uncomplicated SUI; notably, almost
40% of the responders were practising in Europe [21].

Despite warnings regarding the use of mesh, alternative
interventions have failed to gain popularity. Traditional sur-
gery was performed in < 5% of the cases in 2016–2017. This
mainly resulted from the substantial drop of the admissions for
colposuspension, which was demonstrated from 2000 to 2001
to 2006–2007. In the last few years we did not record a sig-
nificant rise in either colposuspension or autologous sling.
Compared with MUS, traditional surgery is certainly associ-
ated with longer recovery and women may be less prepared to
accept it. On the other hand, in view of the small numbers
registered in England, training is challenging and few centres
may be able to offer this type of surgery.

The use of urethral bulking agents has remained stable over
the years, ranging between 649 and 1384. However, they rep-
resent the only type of surgery able to show a markedly pos-
itive trend in the last 2 years, with procedures performed an-
nually approximately doubling. Injectables constitute the least
invasive intervention for SUI, with a significantly lower cure
rate compared with other procedures [22]. However, NICE
highlight that repeat injections may be required to overcome
this limit. Patients may prefer these in order to avoid more
invasive surgery, accepting the higher failure/recurrence rate
associated with this type of surgery [23]. Of note, we did not
report on urethral bulking agents performed in the outpatient

setting; in fact only small numbers are recorded in the data-
base as their coding is not mandatory.

We performed a retrospective analysis of changing trends
in female SUI surgery over a 17-year period. This topic has
been a subject of research wordwide, but we present the first
long-term data following FDA safety warnings regarding the
use of vaginal meshes in urogynaecology. Nevertheless, we
acknowledge several limitations. In fact, while all the data for
inpatient procedures are mandatory from all NHS hospitals in
England, their accuracy depends on clinical coders. Also, a
national registry including interventions performed in the pri-
vate sector is not available. Thus, despite large numbers, our
analysis is incomplete as we did not consider this population.
However, it is likely that this represents a small, but certainly
unknown, proportion of SUI interventions. Moreover, further
patterns regarding women’s characteristics (age, previous con-
t inence procedure) and surgeons ’ subspec ia l i ty
(gynaecologist, urogynaecologist, or urologist) could not be
investigated as these data are not available in public domain
reports. Finally, we were unable to comment on the type of
sling inserted (conventional, adjustable, or single incision),
tape material (polypropylene or polyvinylidene fluoride),
and surgical approach for colposuspension (laparotomy or
laparoscopy) as the respective codes have not been introduced
yet.

Shifts in SUI surgery are of paramount importance. While
any intervention carries potential risks, meshes have been the
focus of an exceptional debate in England. The recent suspen-
sion of vaginal mesh surgery in NHS hospitals warrants an
urgent revision of urogynaecologists’ training programmes in
order to provide adequate care for women who request an
operation for SUI. Monitoring of trends is compelling as al-
ternative options to MUS may eventually gain popularity.
Finally, further research including patient-level data is needed
to show future changes in practice.
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