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Abstract

Purpose Pelvic organ prolapse (POP) impairs quality of

life (QoL) due to vaginal bulge symptoms and changes in

bladder/bowel and sexual function. The effect of alloplastic

meshes on QoL is still being discussed. The purpose of this

study was to prospectively evaluate the effect of mesh

implantation on QoL and sexual function over 1 year.

Methods 289 women with cystocele [ stage I were

included in this prospective multicenter study, with nine

hospitals participating (ClinicalTrials.gov NCT01084889).

Mesh exposures rates and pelvic floor-related QoL using

the validated German version of the p-QoL questionnaire

were evaluated as the primary endpoints. Based on a sin-

gle-sided binominal test with a = 0.05 and a power of

0.80, a sample size of 225 for the mesh exposures was

calculated. The mesh used was a 6-arm mesh with titanium

coating (TILOOP� Total 6, sponsor pfm medical ag,

Germany). Preoperative data were compared to 6 and

12 months postoperative data, using Wilcoxon test.

Results The mean age of the patients was 67 years (min

43, max 87). All domains of QoL improved significantly

compared after surgery: mean prolapse score dropped from

73.7 to 19.4 after 6 and 16.2 after 12 months (p\ 0.001).

Sexual function also improved significantly. The rate of

dyspareunia was lower at follow-up.

Conclusions In this prospective trial, a significant posi-

tive effect of mesh implantation on pelvic floor-related

QoL was observed. These findings remained stable 1 year

after surgery with further improvement. This trial adds

further data to the ongoing discussion on the role and risk

of meshes in POP surgery.
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Abbreviations

POP Pelvic organ prolapse

QoL Quality of life

FDA US food and drug administration

eCRF Electronic case report form

MCID Minimal clinically important difference

POP-Q Pelvic organ prolapse quantification system

Introduction

Quality of life (QoL) has become an increasingly important

outcome measure in the treatment of various medical con-

ditions during the past decades. Pelvic organ prolapse (POP)

is a common condition and has high impact on QoL.

Symptoms may be far-reaching such as prolapse symptoms,
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voiding difficulties or pelvic floor pain [1]. Furthermore,

sexual dysfunction can be an accompanying symptom with

subsequent worse POP-related quality of life [2].

In most cases, impairment of quality of life is the indi-

cation for surgical repair of the prolapse. Therefore, POP

surgery should both restore anatomy and improve patients’

QoL. The launch of alloplastic vaginal meshes has con-

tributed profoundly to pelvic floor surgery, but there are

specific risks, especially mesh exposure [3]. Other risks,

like pelvic floor pain or dyspareunia, are not specific for

meshes as they may result from native tissue repair, too.

After widespread use of meshes in POP surgery, these

numbers dropped after two warnings from the US food and

drug administration (FDA) in 2008 and 2011 [4]. On the

other hand, the recent Cochrane review stated that the use

of vaginal grafts reduces the risk of prolapse symptoms and

recurrent anterior vaginal prolapse on examination when

compared to native tissue repair [4].

The aim of this multicentre, prospective trial was to

evaluate the effect of implantation of a titanium-coated

mesh for POP repair on QoL and sexual function. Tita-

nium-coated meshes are used in hernia repair. The

hydrophylity of a titanium coating increases the biocom-

patibility and therefore decreases, e.g. inflammatory reac-

tions [5]. QoL data were collected before surgery and both

6 and 12 months after surgery. We hypothesized that POP-

related quality of life and sexual function would improve

6 months after surgery.

Materials and methods

Study design

The study was designed as a prospective multicenter

observational trial (ClinicalTrials.gov NCT01084889).

Nine urogynecologic centers in Germany participated.

Positive votes were obtained from the appropriate ethical

review committees for each investigating center. All

patients with symptomatic cystocele[ stage I (POP-Q

classification) and age[18 were eligible for participation.

Exclusion criteria were pregnancy, intolerance to the mesh

implants under investigation, history of carcinoma in the

last 12 months or of radiotherapy in the pelvic area, status

post-mesh implantation, systemic steroid treatment or

participation in another clinical investigation. Patients were

allowed to withdraw the informed consent at any time.

Quality of life data

The trial had two primary endpoints: the effect of mesh

implantation on patients’ quality of life after 6 months and

furthermore mesh exposure rates after 12 months. In order

to reliably evaluate QoL, the German translation of a val-

idated questionnaire on pelvic floor function was used [6,

7]. Among other questions, it comprises nine domains:

general health perceptions, prolapse impact, role limita-

tions, physical limitations, social limitations, personal

relationships, emotions, sleep/energy and severity mea-

sures. A higher total score represents a greater impairment

of quality of life, while a low score indicates good quality

of life (range 0–100) [6].

To evaluate the effect on sexual function, three ques-

tions from the p-QoL questionnaire were chosen:

– Does your prolapse impair your sex life?

– Does your prolapse impair the relationship with your

partner?

– Do you have a vaginal bulge which impedes sex?

Additionally, a large variety of clinical datawere obtained

before, including adverse events, further surgeries, estrogen

therapy, etc. Furthermore, questions on pull pain and foreign

body feeling were posted. The questionnaires were filled in

by the patients before and after surgery as a paper version and

then transferred into an electronic case report form (eCRF).

The acquired data were validated 100 % by an external

monitor in order to minimize input data error [8]. The trial

was controlled on a regular basis by an independent external

clinical event committee with evaluation of all adverse

events. Patients were seen for follow-up checks at the

treating hospital by the treating physician. These visits were

scheduled for 6 and 12 months after surgery. In case patients

were not available for follow-up checks (illness, etc.), we

tried to evaluate adverse events by telephone interview or

contacted the external physicians.

Surgery and alloplastic mesh

The mesh used is a commercially available titanium-coated

polypropylene mesh with six arms (TiLOOP� Total 6; pfm

medical ag, Germany). The thickness of the titanium

coating is 30–50 nm, and the pores of the mesh are

C1 mm. Insertion of the mesh is performed with tunnelers

for the transobturator and ischiorectal passage. All patients

received preoperative local estrogen therapy and a single-

shot antibiotic prophylaxis intraoperatively. After colpo-

tomy and preparation of the vesicovaginal fascia, the mesh

was implanted according to the manufacturer’s advice. The

anterior arms were fastened transobturatically, the middle

arms through the posterior angle of the obturator foramen,

and the posterior arms in the sacrospinous ligament. After

tension-free implantation of the mesh, the colpotomy was

closed using a continuous absorbable suture and a vaginal

packing was placed for 24–48 h. In case of additional

rectocele, repair of the posterior compartment was per-

formed. When considered necessary by the surgeon,
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hysterectomy or implantation of a suburethral sling was

allowed.

Statistical analysis

A mean erosion rate of 7.9 ± 5.4 % is evaluated from

comparable studies. With this erosion rate and a delta of

5.4 %, based on a single-sided binomial test with an alpha

of 0.05 and a power 0.80, a sample size of 225 was cal-

culated. The Wilcoxon test was used for analyzing the

difference in QoL and sexual function between pre- and

postoperative values. The subgroup analysis between hys-

terectomy and uterus preserving surgery was performed

with the Mann–Whitney U test. Throughout, two-sided

p values\5 % were considered statistically significant. As

a further tool to define the clinical relevance of the data, we

used the minimal clinically important difference (MCID).

This is a statistical model trying to define the smallest

change in a treatment outcome that a patient would identify

as being important [9]. IBM SPSS�, Version 22 was used

for statistical calculations.

Results

Demographic data

292 patients were eligible for participation, but three were

excluded because they did not require surgery or mesh

implantation. The remaining 289 patients underwent surgery

between April 2010 and December 2012 in one of the par-

ticipating centers. The demographic data in the trial were

comparable to all patients undergoing surgery for POP in

Germany in 2012 and are depicted in Table 1 [10]. Themean

age of the patients at the time of surgery was 67 years (min.

43, max. 87). Follow-up checks were carried out at the

treating hospital between October 2010 and May 2014. The

median follow-up time of the first visit was 186 days, for the

second 370 days. 280/289 (97 %) women were seen for the

first follow-up check and 286/289 (99 %) for the second. The

flowchart of participants is shown in Fig. 1.

Preoperative pelvic organ prolapse quantification system

(POP-Q) values were as follows: uterine/vaginal vault

prolapse stage IV n = 9 (3.1 %), stage III n = 144

(49.8 %) and stage II n = 136 (47.1 %). Cystoceles were

stage III n = 138 (47.8 %) and stage II n = 151 (52.2 %).

The minority of patients had undergone previous hys-

terectomy or prolapse surgery (31.8 % and 14.9 %).

Among those patients who had not had a hysterectomy

before, it was performed in 53.3 %. 74 women (25.6 %)

had additional mesh-augmented repair of the posterior

compartment. For further intra- and postoperative data and

POP-Q stages see Table 1.

Quality of life

Before surgery, patients had the worst scores regarding

prolapse impact (73.7, min 0, max 100), and role limita-

tions (58.5, min 0, max 100), but also physical limitations

showed a mean score of 55.3. At the time of the 6 months’

visit, a significant improvement in quality of life could be

observed. This was true for all nine domains of the ques-

tionnaire. For example, prolapse impact dropped from 73.7

to 19.4 (p\ 0.001). This positive effect on quality of life

remained stable at the 12-month follow-up check, with

even further improvement from 6 to 12 months. Further-

more, the criteria of a minimal clinically important dif-

ference were met in all domains. The results of all domains

are shown in Fig. 2. Among those patients who had not

undergone hysterectomy before, there was no significant

difference between patients with concomitant hysterec-

tomy and those with uterus preserving surgery (data not

shown).

Sexual function

Regarding the impact of the prolapse on the relationship,

we observed a significant reduction in patients answering

‘‘slightly’’, ‘‘moderately’’ or ‘‘a lot’’ from 37.9 to 16.8 %

after 6 months and further to 11.6 % after 12 months

(p\ 0.001). Impairment of sex life dropped accordingly

from 48.6 to 20.2 % and further to 17.5 %, when looking at

women answering ‘‘slightly’’, ‘‘moderately’’ or ‘‘a lot’’

(p\ 0.001). Furthermore, only a minority of women

reported a vaginal bulge feeling after the operation (43.5 %

preoperatively, 5.7 % at 6 months and 4.1 % at 12 months,

p\ 0.001). Of those patients who reported dyspareunia

before the operation (n = 44/286, 15.4 %), seven patients

still reported this problem after 12 months. At the same

time point, the rate of de novo dyspareunia was 12/286

(4.2 %).

Impact on pull pain and foreign body feeling

The number of patients who reported pull pain or foreign

body feeling dropped significantly after 6 months:

77.9–3.6 % (foreign body feeling) and 48.4–8.9 % (pull

pain). This remained largely stable after 12 months (6 %

foreign body feeling and 5.6 % pull pain, see Fig. 3).

Anatomical outcome and mesh exposure rates

Recurrent prolapse was defined as POP-Q[ stage I. Dur-

ing a follow-up of 1 year, 2.1 % (6/286) of women had a

recurrent cystocele, two of which needed surgery. In the

posterior compartment, 39/286 patients (13.6 %) had a

compensatory rectocele. In the same time, 30/286 (10.5 %)
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mesh exposures were detected. 56 % of the patients with an

erosion were asymptomatic. In 13 cases the mesh exposure

required surgery under anesthesia. No mesh had to be

explanted.

Discussion

We performed a prospective, multicenter trial to evaluate

the effect of mesh implantation for pelvic organ prolapse

on patients’ quality of life, with special attention to sexual

function. As with every surgery for POP, the implantation

of alloplastic meshes entails risks such as recurrent pro-

lapse, chronic pelvic pain or dyspareunia. However, the

anatomical outcome seems to be superior compared to that

of native tissue repair [3]. The discussion regarding the

safety of alloplastic meshes is ongoing, especially after the

FDA warnings in 2008 and 2011 [4]. Also the Scientific

Committee on Emerging and Newly Identified Health

Risks (SCENIHR) of the European Commission recently

stated that the clinical outcome following mesh implanta-

tion is influenced by material properties, product design,

mesh size, route of implantation, patient characteristics,

associated procedures and the surgeon’s experience. The

report recommends that such aspects should be taken into

account when choosing the kind of therapy [11]. For the

evaluation of success after POP surgery, different outcome

measures have been defined [12]. Besides the anatomic

result, the subjective outcome should be the main goal of

surgery. Due to POP, patients may have voiding difficul-

ties, may refrain from sports or sexual intercourse, and

chronic pelvic pain due to stretching of the ligaments is

frequent. In most cases, impairment of QoL is the reason

for patients to seek medical help and in some cases, to

decide for surgical therapy. Therefore, implications on

women’s quality of life should be explicitly evaluated

when counseling women on the necessity of POP surgery.

The implantation of an alloplastic, titanium-coated mesh

significantly improved the pelvic floor-related quality of

life after 6 months. This effect continued after 12 months,

showing even better results. We observed a significant

improvement in all domains of the pelvic floor-specific

questionnaire. Regarding dyspareunia after the implanta-

tion of suburethral slings for stress incontinence, there is

inconsistent data [13, 14]. In line with this, the risk of

dyspareunia is present in any pelvic floor surgery, but

special concern is raised in mesh-augmented POP repair

[15]. In this trial, we explicitly looked at womeńs sexual

Table 1 Demographic and

perioperative data (n = 289)
Mean ± SD or n (%)

Age (years) Age[55 years 66.8 ± 7.8

271 (93)

BMI (kg/m2) 26.9 ± 4.2

Parity Nulliparous

Parous (C1 parity)

Mean

5 (1.7)

284 (98.3)

2.3 (±1.2)

HRT Local

Systemic

132 (45.7)

8 (2.8)

POPQ stages Central defect st. II

Cystocele st. II

Central st. III

Cystocele st. III

Central st. IV

136 (47.1)

151 (52.2)

144 (49.8)

138 (47.8)

9 (3.1)

Previous surgery Hysterectomy

Prolapse surgery

92 (31.8)

43 (14.9)

Operative data Posterior colporrhaphy

Posterior mesh

Vaginal colpopexy

Sacrospinous fixation

Concomitant hysterectomy

Suburethral sling

101 (34.9)

74 (25.6)

22 (7.6)

1 (0.3)

105 (36.3)

2 (0.7)

Intraoperative complications Bladder lesion

Ureter lesion

Rectum lesion

Blood loss[500 ml

5 (1.7)

1 (0.3)

2 (0.7)

89 (30.8)
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function and observed a significant improvement. Dys-

pareunia was not increased after the surgery, and problems

during sexual intercourse decreased. The rate of de novo

dyspareunia was low, in line with other recent reports [16].

Rates of mesh exposures and recurrences were comparable

to other published data [3]. We could not show a lower

Assessed for eligibility (n=292)

Received allocated intervention 
(n=289)

QoL data (n=286)

Excluded (n=3)
No surgery (n=2)

Surgery without mesh (n=1)

n=280
Informed consent withdrawn (n=1)

Suicide (n=1)
Missed visit (n=7)
QoL data (n=272)

Enrollment

n=286 
Informed consent withdrawn (n=2) 

Suicide (n=1)
QoL data (n=280)

Follow up and 
analysis 6 months 

Follow up and 
analysis 12 months 

Fig. 1 Flowchart of

participants

Fig. 2 Change of pelvic floor-

related quality of life as

measured with p-QoL
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mesh exposure rate due to the titanium coating. However,

there was no direct comparison between the titanium-

coated mesh and other polypropylene meshes.

Recently, the question on the necessity of hysterectomy

during prolapse surgery has been frequently discussed.

More and more women request uterus preserving therapy,

and with the implantation of alloplastic mesh this is even

easier. Therefore, we tested for a difference between

patients undergoing hysterectomy and those with uterus

preserving therapy as a subgroup analysis and could not

determine any difference in QoL.

Of note, limitations to our study need to be mentioned.

First, there is no control group. Therefore, we cannot state

whether the improvement in QoL is superior to that after

native tissue repair. Furthermore, we did use a validated

questionnaire on pelvic floor function but not on sexual

function. During follow-up we recognized that in the dis-

cussion about the role of mesh surgery sexual function is an

important item, we added further questions on sexual

function. A validated questionnaire on sexual function was

not used. Apart from mesh implantation, additional surg-

eries were performed which possibly added to the

improvement in QoL. Last but not least, this was an

industry-sponsored trial. However, the manufactureŕs sup-

port made possible the external monitoring implementation

of a clinical event committee, but did not influence the

interpretation and publication of these data.

To summarize, pelvic floor-related quality of life and

pull pain improved significantly 6 months after implanta-

tion of an alloplastic mesh with titanium coating compared

to preoperative values. Twelve months after surgery, there

was further improvement. We consider this data of a

prospective multicenter trial to be important for the

ongoing discussion on the use of alloplastic meshes in POP

surgery.
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