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Abstract

Introduction and hypothesis Our aim was to compare the mid-term results of native tissue, biological xenograft and poly-
propylene mesh surgery for women with vaginal wall prolapse.

Methods A total of 1348 women undergoing primary transvaginal repair of an anterior and/or posterior prolapse were
recruited between January 2010 and August 2013 from 35 UK centres. They were randomised by remote allocation to native
tissue surgery, biological xenograft or polypropylene mesh. We performed both 4- and 6-year follow-up using validated
patient-reported outcome measures.

Results At 4 and 6 years post-operation, there was no clinically important difference in Pelvic Organ Prolapse Symptom
Score for any of the treatments. Using a strict composite outcome to assess functional cure at 6 years, we found no differ-
ence in cure among the three types of surgery. Half the women were cured at 6 years but only 10.3 to 12% of women had
undergone further surgery for prolapse. However, 8.4% of women in the mesh group had undergone further surgery for mesh
complications. There was no difference in the incidence of chronic pain or dyspareunia between groups.

Conclusions At the mid-term outcome of 6 years, there is no benefit from augmenting primary prolapse repairs with poly-
propylene mesh inlays or biological xenografts. There was no evidence that polypropylene mesh inlays caused greater pain
or dyspareunia than native tissue repairs.
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prolapse surgery and its complications, the limited available
evidence suggesting failure rates of up to 50% [1, 2] and re-
operation rates up to 30%, albeit this included continence
surgery too. The mean time interval to the second opera-
tion was 12 years [3]. Although prolapse can affect young
women, it is a disease associated with ageing. The number
of adults > 65 years doubled between 1980 and 2020 [4]
and the numbers globally living to become centenarians is
predicted to rise by ten-fold by 2050 [5]. Hence, considering
the failure rates of surgery for prolapse and the increasing
ageing population, it is important to find a surgical solution
with longevity and with a low complications rate.

To improve outcomes following prolapse surgery, poly-
propylene mesh and biological grafts have been used. How-
ever, evidence to justify these new approaches was absent,
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unreliable or conflicting. In 2017 the findings from PROS-
PECT, a randomised controlled trial (RCT) that compared
polypropylene mesh inlays, biological xenografts and native
tissue surgery for vaginal prolapse in 1348 women undergo-
ing primary prolapse surgery, showed that augmentation of a
vaginal repair with polypropylene mesh inlays or biological
xenograft material did not improve outcomes at 2 years [6].
In a secondary analysis of the complete cohort of women in
PROSPECT (n = 2632) we found low surgical morbidity
and low rates of severe complications following any prolapse
surgery [7]. Nevertheless, we acknowledged that the find-
ings in the longer term may still overturn these conclusions.
Hence, mid- and long-term follow-up is needed.

Also, over the past decade anecdotal evidence has
emerged suggesting that some women who received poly-
propylene mesh to augment their prolapse surgery experi-
enced severe and debilitating adverse effects [8]. Some of
these complications may have delayed onset. However, there
is little evidence about the relative risks of these conditions
occurring following mesh compared to native tissue or bio-
logical xenograft surgery.

This article reports on the mid-term follow-up, at 4 and 6
years, of women randomised within PROSPECT undergoing
primary prolapse surgery.

Methods
Participants

Women undergoing primary transvaginal repair of an ante-
rior and/or posterior prolapse were enrolled into the trial
between January 2010 and August 2013 from 35 UK centres.
All women provided written informed consent to participant.
Baseline data, operative details, outcome data to 2-years fol-
lowing surgery, types of mesh and xenograft used and full
methodology of the trial have been reported previously [6,
9].

Women were recruited and randomised within three
strata: Stratum A included women randomised among all
three treatment options: native tissue repair, polypropylene
mesh inlay and biological xenograft (in a 1:1:1 ratio); Stra-
tum B included women randomised between native tissue
repair and polypropylene mesh inlay (in a 1:1 ratio); Stratum
C included women randomised between native tissue repair
and biological xenograft (in a 1:1 ratio).

Outcomes
In this longer-term follow-up period, women were followed

up at 4 and 6 years after surgery by postal questionnaire.
Those women who did not have surgery in the initial 2-year
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period were followed by postal questionnaire at 4 and 6 years
post-randomisation.

In keeping with IUGA/ICS recommendation [10], the
primary outcome was participant-reported prolapse symp-
toms at 6 years after surgery using the Pelvic Organ Pro-
lapse Symptom Score (POP-SS) [11]. Secondary outcomes
included prolapse-specific quality-of-life measured using a
visual analogue scale (VAS), generic quality of life based
on the EQ-5D-3L [12] and an assessment of overall global
improvement in symptoms (PGI-I) [13]. Bladder, bowel and
sexual functions were measured using validated or adapted
International Consultation on Incontinence Questionnaires
(ICIQ) [14].

Further surgical treatment and conservative treatment
for prolapse recurrence, need for mesh removal surgery and
other related hospital readmission were reported by women
in their postal questionnaires.

Statistical analysis

The main analysis was conducted on an intention-to-
treat basis (whereby women with observed outcome data
remained in their allocated group for analysis). Two compar-
isons were made: native tissue repair versus polypropylene
mesh inlay (Trial 1, data from women in Strata A and B) and
native tissue repair versus biological xenograft (Trial 2, from
women in Strata A and C). As the analyses were carried out
for Trial 1 and Trial 2 separately, data from some women
in the native repair arm from Stratum A were included in
both trials. Study analyses were conducted according to a
prespecified statistical analysis plan, using SAS version 16.1
(SAS Institute Inc., Cary, NC, USA).

All outcome measures were presented as summaries
using descriptive statistics (mean and standard deviation for
continuous measures and proportion for ordinal and dichot-
omous measures) and comparisons between randomised
groups were analysed separately at 4 and 6 years using gen-
eralised linear models. Models were adjusted for minimisa-
tion covariates (age; type of prolapse repair planned; need
for concomitant urinary incontinence procedure or not; need
for concomitant upper vaginal prolapse procedure or not;
and operating surgeon), baseline measures where appropri-
ate and randomisation stratum. Continuous outcomes were
analysed using linear mixed models with surgeon fitted as a
random effect. Binary outcomes models used the binomial
family and log link function while the ordinal outcomes were
fitted with an ordinal regression model. The binary and ordi-
nal models were adjusted for the minimisation covariates;
however, in some cases due to small or nil category com-
bination counts, some had to be dropped. Surgeon effect
was adjusted for in the binary and ordinal outcome models
using a cluster robust variance, which, while not the same
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as a random effects model (as for the continuous outcomes),
has a similar effect.

PGI-I was analysed using ordinal logistic regres-
sion (proportional odds models with cumulative log-
its). Dichotomous outcomes were analysed using log-
binomial regression. Estimates of treatment effect
size were mean differences in the linear mixed models
(including the analysis of the POP-SS), odds ratios in
the ordinal models and risk ratios in the binary mod-
els. For all estimates, 95% confidence intervals were
calculated.

Definition of functional cure

Functional cure, at 6 years, was defined as a com-
posite outcome, including all women who had not
had a reintervention for prolapse during this fol-
low-up period (surgery or pessary) and all women
who answered “Never” to question 1 on the POP-
SS (‘How often in the last 4 weeks have you had a
feeling of something coming down from or in your
vagina’) at 6 years.

Results
Participants and treatment

We randomised 1348 women from January 2010 to August
2013. Of the women randomised, 23 participants did not
consent to be contacted for longer-term follow-up and 42
withdrew their consent from completing further question-
naires. These women were therefore excluded from the long-
term follow-up study and did not receive the 4- and 6-year
postal questionnaires.

Figure 1 (Consort Diagram the flow of women through
the study at 4 and 6 years. The retention rates of those ini-
tially randomised remain high (72% at 4 years and 65% at 6
years), with no significant differential in drop-our rates. The
baseline characteristics of responders and non-responders
at 4 and 6 years are given in supplementary Table 1. Non-
responders tended to be younger and have higher (worse)
POP-SS scores at baseline, with lower (worse) EQ-5D-3L
scores. However, other clinical characteristics were broadly
similar and there was no difference in follow-up rates
between randomised groups.

Primary outcome
At 4 and 6 years, the mean POP-SS in the group randomised

to a native tissue repair was lower (better) than those in the
polypropylene mesh inlay or biological xenograft group

(Table 1). The difference was only statistically significant
for the polypropylene mesh inlay comparison to native tis-
sue at 4 years, although the mean difference (MD) was small
and less than the minimal clinically important difference
(MCID) for the POP-SS at 4 and 6 years respectively (1.01
[95% CI 0.20-1.83], 0.85 [-0.05-1.75]).

There were no statistically significant differences in the
number of women with at least one symptom of prolapse
(defined as POP-SS > 0) or in quality-of-life related to pro-
lapse symptoms.

Other outcomes

Primary symptom of prolapse (something coming
down [SCD])

There was no difference between groups in the number of
women experiencing any degree of “something coming
down” (Table 1). However, at 6 years, there appeared to be
more women in the polypropylene mesh inlay group expe-
riencing symptoms of SCD “frequently” compared to the
native tissue group. This was not found in the biological
xenograft group (Supplementary table 2).

Other pelvic floor symptoms

No significant statistical difference was found in the fre-
quency of severe incontinence or faecal incontinence after
surgery. All these symptoms improved compared to baseline
rates. Dyspareunia rates fell across all groups (Table 1).

Functional cure (Table 2)

Using a composite outcome assessing functional cure at 6
years we found no difference in cure among the three types
of surgery. Half the women were cured at 6 years but only
10.3 to 12% of women had undergone further surgery for
prolapse. Some women will have had more than one further
operation for prolapse by 6 years.

Complications and adverse events

Over the 6-year period, further surgery to treat complica-
tions of the polypropylene mesh inlay was required by 8.4%
of women in the mesh group, 0.9% of those in the native
tissue group and 1.6 % of those in the biological xenograft
group.

There was little difference between the arms in overall
quality of life assessed using the EQ-5D-3L (Table 3). There
was no significant difference between groups, in the number
of women reporting generalised extreme pain or discomfort,
which was assessed as part of EQ-5D- 3L.
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Fig.1 CONSORT diagram

Did not consent to long term follow-up?
Withdrew before long-term follow-up?
Died before long-term follow-up?
INCLUDED IN LONG-TERM FOLLOW-UP

4-year follow-up

Responded to 4-year questionnaire
Withdrawal within 4 years

Deaths within 4 years

6-year follow-up

Responded to 6-year questionnaire
Withdrawal within 6 years

Deaths within 6 years

Trial 1: Trial 2:
Native tissue V Polypropylene Native tissue V Biological
mesh inlay xenograft
865 735
Native tissue Mesh inlay Native tissue Biological
430 435 367 xenograft
368
5(1.2%) 7 (1.6%) 7 (1.9%) 5(1.4%)
15 (3.5%) 15 (3.4%) 13 (3.5%) 9 (2.4%)
3(0.7%) 0(0.0%) 2 (0.5%) 1(0.3%)
407 (94.7%) 413 (94.9%) 345 (94.0%) 353 (95.9%)
305 (70.9%) 314 (72.2%) 271 (73.8%) 268 (72.8%)
21 (4.9%) 18 (4.1%) 15 (4.1%) 13 (3.5%)
9(2.1%) 1(0.2%) 6 (1.6%) 3(0.8%)
272 (63.3%) 277 (63.7%) 238 (64.9%) 250 (67.9%)
30 (7.0%) 24 (5.5%) 23 (6.3%) 16 (4.3%)
16 (3.7%) 13 (3.0%) 15 (4.1%) 6 (1.6%)

1. During the initial informed consent process, 12 women in Trial 1 and 12 women in Trial 2 did not
consent to be ‘contacted in the future for long term follow-up’ and therefore did not receive the

4 or 6-year questionnaires

2. Includes women who withdrew from completing postal questionnaires during the initial 2-year
period and therefore did not receive the 4 or 6-year questionnaires. Includes women who had
surgery in the initial 2-year period and who were included in the 2-year analysis (30 women across
Trial 1 and Trial 2) and women who did not have surgery in the initial 2-year period and who were
not included in the 2-year analysis (12 women across Trial 1 and Trial 2).

3. During the initial 2-year follow-up period, 3 women in Trial 1 and 3 women in Trial 2 were reported
as deceased and therefore did not receive the 4 or 6-year questionnaires

Patient’s global impression of improvement
and satisfaction (Table 4) and further treatment (Table 5)

Native tissue vs polypropylene mesh inlay

At 4 years there was no difference found in women’s per-
ceptions of improvement in prolapse symptoms. However,
those who had undergone a native tissue repair were sig-
nificantly more satisfied with the overall outcome of their
surgery. By 6 years, significantly more of the native tissue
group felt their symptoms were very much better and they
were overall more satisfied with the outcome of their opera-
tion than the polypropylene mesh inlay group.

Native tissue vs biological xenograft

At 4 years following surgery the native tissue group were
both more satisfied and perceived the prolapse symptoms
were better than the biological xenograft graft group. How-
ever, by 6 years there was no difference in prolapse symp-
toms or overall satisfaction.

Table 5 demonstrates there were no significant difference
in further treatment rates for prolapse or SUI
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Dicussion
Main findings

At 6 years following surgery for vaginal wall prolapse, our
study found no clinical or statistically significant difference
in the trial's primary outcome, POP-SS score.

The overall cure rate at 6 years, a composite of no symp-
toms of SCD, no use of pessaries and no further surgery for
prolapse, was approximately 50% for all methods.

We found no difference in rates of “generic pain” or dys-
pareunia, both of which were low. In addition, the was no
difference in overall quality of life between groups

We also found no difference in any of the outcomes
commonly used to assess prolapse surgery among the
three methods of prolapse repair (native tissue, poly-
propylene mesh inlay or a biological xenograft) except
for PGI-I, global satisfaction and SCD ‘frequently’,
although not consistently over the different time points
(Table 4).
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Table 4 (continued)

&

95% CI p-

Biological xenograft Eft. size

Trial 2: Native tissue repair vs biological xenograft
Native tissue

p-

95% C1

Eff. size

Mesh inlay

Trial 1: Native tissue repair vs polypropylene mesh inlay

Native tissue

Springer

value

value

Recommend to a friend at 6 years

0.084

0.90 to 1.01

184 216 0.95

090t00.98 0.002 89.7% 192 214 852%

217 256 0.93[3]

219 246 84.8%

89.0%

Yes

[2]

Footnotes:

1. Concomitant upper prolapse procedure excluded because of nil group counts

2. Type of prolapse planned, concomitant incontinence and concomitant upper prolapse procedure excluded because of nil group counts

3. Concomitant incontinence and concomitant upper prolapse procedure excluded because of nil group counts

Meaning of the study

It appears neither polypropylene mesh inlays nor biological
xenografts offer any additional benefit to the outcome of
prolapse surgery at 4—6 years.

At this mid-term point, women having polypropylene
mesh inlays possibly appear to have slightly worse outcomes
compared to those having native tissue repairs. They appear
to have a higher incidence of “SCD frequently” and higher
overall dissatisfaction. Their general dissatisfaction could
be influenced by the negative publicity surrounding poly-
propylene mesh or the 8.4% who required mesh excision
surgery. Other studies in which women have been examined,
although small and underpowered, found a higher incidence
of prolapse in the non-operated compartment in the poly-
propylene mesh group compared to the native tissue group
[1, 2]. Another important factor of note is that the slightly
increased general dissatisfaction in the polypropylene mesh
inlay group does not appear to be due to any difference in
the incidence of pain, dyspareunia or worse quality of life
between polypropylene mesh inlays and native tissue repairs.

Pelvic organ prolapse is a very complex problem to assess
because of variations in: the incidence and treatment in
the three compartments of the vagina, the high long-term
recurrence rate, the undefined variation in individual surgi-
cal techniques, lack of consistency in the examination tech-
niques, especially the force exerted on the pelvic floor during
examination, and the large range of pelvic floor symptoms,
which may or may not be caused by the prolapse. Hence at
present, large multicentre RCTs addressing global treatment
and using validated patient-reported outcomes (PROMs) are
probably the most useful trial designs to compare treatments.
These studies should produce the most robust, generalis-
able and least biased information, although their limitation
is that they fail to explain the pathophysiology of recurrent
prolapse.

Controversy remains about the best outcome measure for
pelvic organ prolapse surgery and how to define cure. Suc-
cess varies depending on the outcome chosen. PGI-I is use-
ful to capture a global overview but does not help to identify
the reasons for failure. It is simple to administer and used
commonly by many studies. Is the selection of “much bet-
ter” on PGI-I equivalent to cure ? Or is “SCD never” a more
appropriate definition of cure? Repeat operation rates should
probably not be used to define success as there are many fac-
tors which may prevent women from seeking further surgery.
Satisfaction may be influenced by many factors including
pre-operative counselling. Again, this highlights the strength
of our large RCT in directly comparing these outcomes.

Trials need to be large enough to account for the signifi-
cant long-term follow-up issues which will occur not only
from trial fatigue but also from the increasing frailty and
mortality of an ageing population.
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To date only four RCTs assessing vaginal surgery for pro-
lapse with mid-term (5-7 years) follow-up have been pub-
lished [1, 2, 15, 16]. Three compared polypropylene mesh
kits to native tissue repairs and one compared allograft to
native tissue repairs. All the studies were small, with < 200
participants. They were all powered to assess large differ-
ences in anatomical outcomes. However, in their long-term
follow-up phase, most changed their primary outcome and
chose to report PROMs instead. Hence, they all have a sig-
nificant risk of bias because they are underpowered.

Only one study is directly comparable to PROSPECT,
performed in women having primary surgery in 12 centres
across France [2, 17]. At 1 year they concluded mesh vaginal
wall prolapse repairs give better 1-year anatomical results
than traditional colporrhaphy. However, there is no differ-
ence in the later follow-up phase. Allegre’s trial in primary
cases using mesh kits found there was no benefit from mesh
kits over native tissue repairs at 5 to 8 years follow-up [2].

Our composite success rate was comparable to the other
trials even though they included anatomical data. Milani
et al. [1] used a composite outcome of (1) presence of no
bulge on POP-Q [18], (2) no symptom of bulge and (3) no
further treatment. They found native tissue cure rate was
54% and polypropylene mesh was 53% at 7 years.

Milani et al. [1] found anatomical recurrence in the non-
mesh compartment for those who had transvaginal mesh and
in the operative compartment for those who had native tissue
repair. Allegre et al. [2] also found an anatomical failure rate
of 67% in the native tissue group compared to only 24% in
polypropylene mesh group.

The interpretation of polypropylene mesh complications
in PROSPECT is limited by the lack of physical examina-
tion. There will be some women who have undiagnosed
asymptomatic exposures. In PROSPECT, 8.4% of women
in the polypropylene mesh group required further surgery for
mesh exposure. This is very similar to other studies; Allegre
et al. [2] found 8%, Milani et al. [1] 13% and Heinonen
et al. [19] in a large case series found 11.2% required further
surgery.

In PROSPECT, the background rate of polypropylene
mesh complications in the native tissue and biological xeno-
graft groups, arising from polypropylene mesh inserted at
another time, was 0.9% and 1.6% respectively. This back-
ground rate may not be accounted for in case series.

One of PROSPECT's strengths was the ability of the RCT
design to compare complications to native tissue repairs.
Of note there was also no difference in dyspareunia or gen-
eral pain (assessed by EQ5D) between groups. Milani et al.
and Allegre et al. also found no significant difference in
pain or dyspareunia between the groups [1, 2]. Our recent
publication assessing the whole cohort of women in PROS-
PECT (primary, secondary and cohort study) at 2 years
also found no difference [7]. This raises the possibility that

@ Springer

total polypropylene mesh removal surgery for these indica-
tions may not be beneficial and this requires urgent further
research.

Strengths and weaknesses

The strength of PROSPECT remains its size, generalisability
and robust methodology. Unlike other studies criticised in
the Cumberlege report [8] for being sponsored by industry,
PROSPECT was independent, funded by the UK National
Institute for Health Research (NIHR) Health Technology
Assessment (HTA) programme.

Due to the average age of women who undergo prolapse
surgery, all prolapse studies will encounter issues with long-
term follow-up due to unrelated mortality, increasing co-
morbidity and frailty, which should occur equally across all
randomised groups. This is one of the reasons RCTs provide
more accurate results than case series, registries or cohort
studies. At 6 years we have maintained follow-up for the
primary outcome of the trial in 65% of women.

In addition, the proportion of women having concomi-
tant upper compartment prolapse or continence surgery were
evenly distributed between the randomised groups and there-
fore did not have an impact on the findings.

Notably, the pain and dyspareunia rates were similar
across all groups. This highlights the importance of RCT
methods to evaluate conditions. Case series may provide a
biased impression of complication rates if there is no com-
parator group [20, 21]. However, RCTs can never be large
enough to detect rare complications which require large
population-based epidemiological studies. Such studies do
then need to be followed by biological studies to determine
causation versus association.

One of PROSPECT’s weaknesses was the lack of ana-
tomical data, although one could argue that anatomical data
matters little to women for whom symptoms are paramount.
Currently, there is also inconsistency in evaluation of ana-
tomical outcomes due to lack of standardisation of strain
or time of measurement, which will reduce their validity.
However, anatomical data may help us to understand the
mechanism of failure in the different procedures. Anatomical
data were not collected at 4 and 6 years for two reasons. The
first was the significant increased financial cost of physi-
cal assessments. The second was concern about the risk of
trial fatigue. Hence, physical examination was planned to
be limited to the end point at 12 years. This time frame was
chosen using the very limited data available on long-term
recurrence of prolapse (Olsen) [3].

The study included many different types of polypropylene
mesh and biological xenograft, which some clinicians feel
is a weakness because they believe in the performance of
certain products in their hands. However, there will always
be companies who reproduce other similar devices used by
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surgeons with a variety of training and experience. Hence,
the real-world pragmatic approach of PROSPECT is much
more useful to women and health service planners.

PROSPECT was initially criticised for choosing to use
polypropylene mesh inlays as opposed to mesh kits. How-
ever, most mesh kits have since been withdrawn from the
market and therefore knowledge about the efficacy of inlays
has become more important. Also, following the recommen-
dations of NICE [22] and the Cumberlege report [8], some
surgeons may consider using biological xenografts instead
of polypropylene mesh inlays. However, our trial suggests
there is no benefit of these over native tissue repairs.

Future research

We consider our trial to have only reached mid-term follow-
up because the seminal paper by Olsen et al., published 24
years ago, found the mean time between the first and sec-
ond operation was 12 years [3]. Hence, there is a possibility
that potential benefits of polypropylene mesh may not be
seen until this time point. Longevity of a procedure and the
effects of repeat surgery are important, especially consid-
ering the prediction that the mean life expectancy of the
population will continue to increase.

The overall composite failure rate in most studies
remains high, and although the repeat surgery rate is
lower, a need remains for greater understanding of why
prolapse surgery fails. Is it due to failure of surgeons to
address apical support, variations in lifestyle, connective
tissue types, intra-abdominal pressure, neurological fac-
tors, failure of the perineal body or anococcygeal raphe
leading to a change in the angle of the pelvic floor?

Concerns remain among some women and clinicians that
polypropylene mesh may cause chronic pain or be associated
with fibromyalgia [8]. It was therefore reassuring that we
found no significant difference in the generic quality of life
of women, measured using the EQSD, including the domain
which assesses general pain. However, if a complication was
very rare, our study would not be large enough to capture
such an event.

Conclusions

At 6 years there is no benefit from augmenting primary pro-
lapse repairs with polypropylene mesh inlays or biological
xenografts. There was no evidence that polypropylene mesh
inlays caused greater pain or dyspareunia than native tissue
repairs.

A need remains for long-term follow-up and further
research into the pathophysiology of prolapse.
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