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1General introduction



1 Introduction
Pelvic organ prolapse (POP) is a common condition from which millions of women 
suffer worldwide. In women with POP the vaginal wall or uterus protrudes or bulges 
outside the vagina. The prevalence of a genital prolapse grade 2 or higher in the 
general population is an estimated 40%.1 However, not all women with POP do have 
symptoms. The prevalence of Dutch women with a symptomatic pelvic organ prolapse 
is 11%.1 In the Netherlands more than 13000 surgical procedures each year have 
been performed to correct POP (www.prismant.nl). About 30% of women operated 
on POP will need a re-operation due to high recurrence rates after conventional 
surgical procedures by using native tissue.2 Owing to these high recurrence rates new 
techniques have been developed aiming on a better outcome. By using a vaginal 
mesh instead of native tissue the durability of the surgical repair can be augmented. 
The first results after vaginal POP surgery using mesh were promising. However, 
also concerns arose about the safety of these new procedures. Despite the lack of 
proper evidence to support their efficacy and safety, these techniques were rapidly 
introduced on the market. This lack of evidence prompted to start the research in this 
thesis. Since the majority of the recurrences after vaginal POP surgery occur in the 
anterior compartment of the vagina, the focus of the research in this thesis has been 
on the surgical correction of the anterior compartment. 

The remainder of this chapter deals with:  
1. Background 
2. Development of new surgical techniques  
3. Applicability of non-absorbable mesh in anterior vaginal wall surgery 
4. Study aims 
5. Outline of the thesis
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1. Background

Anatomy and pathology
The bladder, uterus and rectum are connected to the pelvic sidewall by a network of 
connective tissue, called the endopelvic fascia.3 This fascia connects the organs with 
the supportive levator ani muscles and pelvic bones. The muscles of the levator ani 
complex include the m. pubococcygeus, the m.puborectalis and the m.ileococcygeus. 
These muscles provide a constant tone at rest, which closes the urogenital hiatus 
and thus achieving a stable support for the pelvic organs.4 The pelvic floor plays an 
important role in normal micturition, defaecation as well as in sexual function. The 
support for the pelvic organs is maintained by this endopelvic fascia and by intact, 
well innervated pelvic floor muscles. A disturbance (by disruption or dysfunction) 
in these structures can lead to diminished support and may eventually lead to POP. 
Many factors play a role in the weakening of these support structures. MRI studies 
have demonstrated significantly more frequent levator ani injury in women with POP 
compared to asymptomatic controls.5 This type of injury may be caused by direct 
muscle trauma after childbirth, chronic straining, or by damage to the innervation of 
the pelvic floor.6-10 It has been hypothesised that abnormalities in connective tissue 
might predispose to POP.11-14 Several studies have found an increase in type III collagen 
and a decrease in type I collagen in prolapsed tissue in contrast to controls.14,  15 
One hypothesis is that the remodelling of connective tissue in women with POP is 
balanced towards degradation rather than regeneration, which eventually leads to 
POP.11, 16 Current evidence does not provide an answer yet to the question whether the 
alteration in collagen metabolism is a cause or effect of the prolapse.11

A genital prolapse can occur in different compartments of the vagina. The vagina is 
clinically separated into an anterior, apical and posterior compartment. Each one of 
these compartments can, individually or in combination, be weakened and prolapsed. 
A prolapse of the anterior vaginal wall is also referred to as a cystocele, a prolapse of 
the posterior vaginal wall as a rectocele, and a prolapse of the apical compartment 
as a descensus uteri (if the uterus is still in place) or vaginal vault prolapse (after 
hysterectomy) (Figure 1). The severity of a genital prolapse is divided into stage 1 to 4 

Figure 1. Pelvic organ prolapse in different compartments. 
Source: International Urogynecological Association (IUGA)

Cystocele                                        Descensus uteri                               Rectocele
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1 according to the pelvic organ quantification system (POPQ).17 A stage 1 prolapse does 
not descend past 1 cm proximal to the hymen, a stage 2 prolapse reaches between 1 
cm proximal and 1 cm distal to the hymen, a stage 3 prolapse reaches beyond 1 cm 
distal to the hymen and stage 4 is a total eversion. 

Symptoms of pelvic organ prolapse
A pelvic organ prolapse can cause various symptoms. In addition to the feeling or seeing 
of a vaginal bulge, women can have a disturbed bladder, bowel and sexual function. 
The majority of women with a pelvic organ prolapse do not have any symptoms. Most 
prolapse symptoms are difficult to assign to the extent of the prolapse or to a specific 
anatomical defect.18 The symptom of vaginal bulging has the best correlation with the 
extent of vaginal prolapse at examination. If the extent of the symptoms is affecting 
the women’s quality of life, surgical treatment is often proposed. The chance of an 
80-year old woman having had any kind of vaginal prolapse surgery is 11%.2

Surgical management
Surgical treatment of prolapse is generally focussed on restoring the connective tissue 
support of the vagina. Three different levels of connective tissue support of the vagina 
have been described by De Lancey3 (Figure 2). Depending on the defect at one or 
more levels, different types of prolapse can occur, with each defect needing a specific 
operation. Cystoceles can be divided into paravaginal defects (deattachment of the 
endopelvic fascia from the arcus tendinious fascia pelvis) and central defects (midline 
defects).19 However, at this time the clinical detection of paravaginal defects is poor20 
and their repairs have a high complication and failure rate.21, 22

In most countries, including the Netherlands, a vaginal surgical repair of a genital 
prolapse is performed in the classical way as described in most surgical textbooks.4 
The conventional technique used to treat an anterior or posterior vaginal wall prolapse 
is generally referred to as fascia plication. After incision of the vaginal epithelium, the 
bladder (anterior) or rectum (posterior) is separated from the vaginal epithelium and 

Figure 2. Level 1: The upper third of the vagina is 
suspended and supported by the cardinal-uterosacral 
ligaments and the connective tissue fibers of the upper 
paracolpium. Level 2: The middle third of the vagina 
is attached by the paracolpium (pubocervial fascia and 
rectovaginal facia) laterally to the pelvic wall (arcus 
tendineus). Level 3: The lower third of the vagina fuses 
along the base of the urethra and the distal rectovaginal 
septum to the perineal body.
Source: DeLancey3
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“connective tissue” from the pubocervical (anterior) or pararectal (posterior) fascia is 
plicated in the midline with absorbable sutures. Not surprisingly, the plication of this 
“damaged” or “bad” connective tissue produces suboptimal outcomes. 

Figure 3. Anterior colporrhaphy
Source: International Urogynecological Association (IUGA)

After primary genital prolapse surgery, the risk of a recurrence or a re-operation is 
an estimated 29%.2 Most of these recurrences occur within the first 2 years after 
primary surgery. Because of the more or less horizontal axis of the vagina, which runs 
from anterior to posterior over the levator plate, most gravity forces are delivered to 
the anterior vaginal wall. Therefore, most of the recurrences emerge in the anterior 
vaginal wall (recurrent cystocele) with an estimated occurrence of 20%-70%.23-28 These 
high recurrence rates necessitated the development of new techniques leading to 
better outcomes. An increasing number of new surgical techniques were introduced 
in vaginal prolapse surgery at the time this research started.

2. Development of new surgical techniques

Meshes in prolapse surgery
As in surgical inguinal or umbilical abdominal hernia repair, the use of mesh to cover 
the fascia defect has become increasingly popular in genital prolapse surgery. In hernia 
surgery the use of prosthetic material has achieved higher success percentages as 
compared to conventional surgery.29 Following this success, gynaecologists started to 
adapt the surgical principles of abdominal wall hernias to vaginal POP surgery, to see if 
this would lead to lower recurrence rates. Moreover, the use of mesh already proved to 
be safe in abdominal POP and urinary incontinence surgery. Theoretically, using mesh 
has an advantage over using the “bad” native connective tissue in POP repair owing 
to its durable capacities. However, the success in hernia surgery cannot one-on-one 
be extrapolated to vaginal POP surgery. Besides restoring anatomy, the aim of POP 
surgery is to maintain and restore bladder, bowel and sexual function of the vagina. 
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1 Therefore, it is important that the mesh possesses various mechanical properties: it 
should not only be durable and possess elasticity, but it should also be safe. One 
point of concern in mesh surgery is the risk of infection, rejection and exposure. These 
kinds of risks depend on where and how the mesh is used. In vaginal POP surgery 
different dissection methods are used and a greater area of contact is involved than in 
abdominal use. The ideal mesh should possess specific properties like being durable, 
flexible, non-carcinogenic, sterile, readily available, non-inflammatory, inexpensive, 
easy to use and should be biocompatible. Over the years, a number of mesh types 
have been developed. A distinction is made between biologic and synthetic grafts.

Biologic grafts
Biologic grafts are classified into autografts, allografts, or xenografts. In autografts 
own tissue is used, in allografts the material usually comes from the same species, 
but from another individual (usually cadaveric material), and in xenografts, material 
derived from other species is used. Most xenografts are from porcine source. 
Theoretically, biological materials could diminish local complications, due to an easy 
incorporation into native tissue, which has been confirmed in animal experiments. 
However, animal studies have shown an increased absorption of these materials, 
which is major disadvantage. Subsequent replacement of weak or bad host connective 
tissue afterwards could decrease the durability of these repairs even further. Another 
disadvantage of biomaterials is the potential transmission of infectious disease. Only 
a few studies report on biomaterials used in vaginal prolapse surgery.30, 31 In three 
trials, which compared biologic graft inlays in anterior and posterior repair a non 
statistically different recurrence rate was observed (RR 1.16, 95% CI 0.81-1.66).30-33 
One trial showed a significantly better outcome in the no mesh group.34 For anterior 
vaginal wall prolapse, anterior colporrhaphy was associated with more recurrent 
cystoceles compared to an anterior repair with porcine dermis overlay: 23% versus 
11% (RR 2.08, CI 1.08 to 4.01).30 Another trial comparing anterior colporrhaphy 
with allograft use demonstrated no differences in objective outcome 30% versus 
21% failure rates (RR 1.4, 95% CI 0.8 to 2.44).30 Studies vary widely with regards to 
materials used. Moreover, these studies generally report on small numbers. Owing to 
the limited evidence available on the effectiveness of biomaterials, their use cannot 
be recommended at this time. 

Synthetic grafts
Synthetic meshes, which can be divided in absorbable and non-absorbable meshes 
have the advantage of a high tensile strength and it’s readily availability. 

Absorbable meshes have a low risk of infection and rejection. However, a disadvantage 
might be that after absorption of the material subsequent replacement of the “bad’ 
host tissue, might not lead to be strong enough on the long term. Two types of 
absorbable mesh are available: polyglactin 910 (Vicryl) and polyglycolic acid (Dexon). 
Two randomised trials have shown conflicting results in anatomical outcome28, 35: 
Weber28 found similar anatomical results compared to the traditional repairs, whereas 
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Sand35 found an improvement in anatomical outcome with absorbable synthetic 
material. However, in Sand’s study the recurrence rate in the mesh group was still 
25%. It is concluded that this absorbable mesh is not preferred, since this type of mesh 
does not maintain a strong long term effect in both animal and human studies.36

From the beginning of the 20th century different types of non-absorbable synthetic 
meshes in surgery have become available.37-41 In 1958 the first polypropylene mesh was 
introduced as Marlex©.42 In synthetic meshes one can distinguish between micro-and 
macro porosity. A pore size > 75 µg is known as macroporous. Larger pore size might 
lead to increased flexibility. Another advantage of large pores is that they have been 
shown to allow entry of macrophages, fibroblasts, blood vessels and collagen fibres.43 
This is of vital importance in lowering the risk of infection. This risk of infection also 
diminishes with usage of materials consisting of monofilament fibers, whereas in 
multifilament material bacteria can replicate within the interstices of multifilament 
fibres. Based on pore size and fiber types a classification has been made (Table 1).44

Although the ideal mesh is not yet available, a type I mesh seems the best mesh for 
vaginal implantation to date. The properties of the type I mesh combine durability 
and flexibility with low infection or rejection risk, making this type of mesh the most 
suitable mesh for genital prolapse surgery today. At the time this research started, 
the literature about synthetic mesh use in vaginal prolapse surgery was sparse, but 
the first studies were promising. A few retrospective and prospective non randomised 
studies reported high anatomical success rates- around 90%- after vaginal prolapse 
surgery with type I polypropylene mesh.46-48

Table 1. Classification of non absorbable synthetic meshes

Classification Component Trade name Fiber type

Type I:  
totally macroporous

Polypropylene 
 
 

Polypropylene/Polyglactin 910

Prolene, 
Gynaemesh, 
Gynemesh PS, 
Marlex, Pelvitex, 
Surgipro, SPMM 
Vypro

Monofilament 
 
 

Mono-
multifilament

Type II:  
totally microporous

Expanded polytetrafluoroethylene Gore-Tex Multifilament

Type III:  
macro-microporous

Polyethylene 
Polytetrafluoroethylene 
Braided polypropylene 
Braided polypropylene-open weave 
Perforated expanded 
polytetrafluoroethylene

Mersilene 
Teflon 
Surgipro SPM 
Surgipro SPMW 
Mycro-mesh

Multifilament 
Multifilament 
Multifilament 
Multifilament 
Multifilament

Type IV:  
submicronic pore size

Polypropylene sheet Cellgard Multifilament

Source: Amid44 and Deprest45
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1 Local complications
A type I synthetic mesh demonstrates the best properties of lowering infection and 
erosion risks. The pathogenesis behind these local complications is still not fully 
clarified. This seems to be related to an increased foreign body reaction. This reaction 
is influenced by the type of mesh used45 and bacteria might play an important 
role in this pathogenesis. Additionally, in vaginal POP surgery, a larger amount of 
mesh material is in contact with the vagina compared to abdominal procedures and 
midurethral slings. Since the vagina is a contaminated area, intraoperative sterility 
procedures can increase the risk of infection. The need of additional sterility methods 
in an already contaminated vaginal area has been discussed. Theoretically, additional 
sterility methods intra-operative could reduce the amount of bacteria on the mesh 
and eventually complications. This theory leads to the question whether addition 
sterility methods could reduce the bacterial colonization and infection rate in vaginal 
POP surgery with polypropylene mesh. In this thesis we attempt to provide an answer 
to this clinical question. 

3. Applicability of non-absorbable synthetic 
mesh in anterior vaginal wall surgery

Since the anterior vaginal wall is highly susceptible to an anatomical recurrence after 
traditional anterior colporrhaphy, mesh use in anterior POP surgery could be the 
solution. However, besides the high anatomic success rates, concerns arose about 
the side effects of the mesh, like erosions, shrinkage, pain and dyspareunia.45, 48-51 
Shortcomings in the available literature are that often the outcome is mainly focussed 
on anatomical cure and a short follow up time is described. Despite these limitations 
of the research reported in the literature, mesh was introduced rapidly on the market 
and it’s use became widespread in vaginal POP surgery for both primary and recurrent 
treatment using the safety and success data obtained from hernia repair, abdominal 
sacrocolpopexy and tension free mid-urethral sling procedures. Industries involved 
could introduce these new techniques easily with active marketing, without proper 
evidence for the long term, largely due to a lack of strong regulation of these new 
products on the one hand and pelvic surgeons/opinion leaders believing in these new 
techniques on the other. Commercial industries accelerated the development of newer 
devices with a transobturator approach for the fixation of the mesh.50, 52 Commonly 
referred to as trocar- guided tension free mesh kits. These kits have been developed 
to facilitate the procedure and to easily position the mesh tension free under the 
bladder in a standardized way. In urinary incontinence surgery, the use of retropubic 
or transobturator synthetic slings has been shown to be very effective.53, 54 Minimal 
invasive surgery, combined with a high cure rate, made these slings procedures the 
gold standard as compared to the previous classic Burch colposuspension. With the 
new technique the mesh is not only applied under the bladder, but also “anchored” 
with mesh arms through the obturator foramen. Theoretically, this may lead to an 
even better anatomical support compared to the single mesh interposition, and 
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due to the standardization the risk of complications might be minimised. Several 
companies developed and marketed these mesh kits after which they were rapidly 
incorporated in clinical practice even before they had been properly tested. It is vital 
to have strong evidence of the suitability of these new techniques well before their 
implementation in patient care. This rapid adoption and concerns about outcome and 
safety prompted the research reported on in this thesis. At time this research started 
no randomised controlled trials were available.

Measurements of success
To define success of POP surgery, a number of factors need to be taken into account. 
For years, studies on POP surgery have focussed on anatomical outcome.55, 56 However, 
from a patient’s perspective this is not the most important factor. For women with 
POP maintaining or improving bladder, bowel and sexual function is as least as 
important. An anatomical failure does not necessarily mean a subjective failure. 
Most prolapse symptoms have a weak correlation with the severity of the prolapse.18 
These symptoms are factors influencing quality of life and the patient’s perception 
of success. In the literature, recently the focus in outcome has been changed toward 
a more patient-centred outcome.56 There is an urgent need for using standardized 
and validated outcome measurements in studies reporting on POP surgery. Evidence 
obtained from such studies will give the most reliable information on POP outcome 
and will facilitate a proper comparison between different studies on POP surgery. 
Multiple ways to quantify prolapse are used.57 For anatomical outcome, the POPQ 
staging system17 is recommended, and in the measurement of functional outcome, 
usage of validated questionnaires on urogenital symptoms, quality of life and sexuality 
are recommended. In the Netherlands the Urogenital Distress Inventory (UDI), the 
Incontinence Impact Questionaire (IIQ) and the Female Sexual Function Index (FSFI) 
questionnaires have been validated in Dutch and used in this thesis. 

Next to the anatomical and functional outcome, the safety of the surgical treatment 
is an important outcome factor. With the introduction of meshes in POP surgery, 
concerns about the risk of infection, rejection, de novo dyspareunia, vaginal pain and 
erosion exist. The risk of complications and negative side effects should be measured 
before large scale introduction of new techniques. There is a lack of reliable data 
on safety and effectiveness of new techniques.52 Even newer devices and meshes 
have been introduced and incorporated, with modifications to reduce complications, 
before earlier innovations have been properly tested. Owing to a lack of efficacy some 
devices even did not survive over time and were abandoned. Evidence on efficacy and 
safety of these new techniques is urgently needed. 

Another issue associated with mesh use are the additional costs. A cost-effectiveness 
analysis contributes to making a rational decision regarding the acceptance of mesh 
use into health service.
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1 4. Study aim
The aims of this thesis are:

1. To assess the safety of vaginal mesh kits in terms of perioperative handling 
and risk of infection

2. To assess anatomical and functional outcome and safety after primary and 
secondary anterior compartment surgery with a trocar-guided tension free 
mesh kit in an observational study

3. To compare the anatomical, functional, quality of life and safety outcomes 
between anterior colporrhaphy and a trocar-guided tension free mesh kit as 
primary treatment

4. To compare the female and male sexual function between anterior 
colporrhaphy and a trocar-guided tension free mesh kit

5. To assess and compare the cost-effectiveness of anterior colporrhaphy and a 
trocar-guided tension free mesh kit

5. Outline of the thesis
In Chapter 2 we report the bacterial colonisation and infection rate of vaginally 
implanted polypropylene mesh after two different sterilty procedures. Our routine 
handling of the mesh is compared with a procedure believed to favour sterility.

In Chapter 3 we present the results of a multicentre observational study on anatomical 
and functional outcome after primary and secondary anterior compartment repair 
with a transobturator polypropylene mesh kit.

In Chapter 4 we compare anatomical and functional outcome after vaginal prolapse 
surgery of a primary cystocele with and without transobturator polypropylene mesh 
repair. In this prospective randomised multicentre trial, we present our one-year 
follow up results.

In Chapter 5 female and male sexuality after primary cystocele repair with and 
without mesh is described and compared in a randomised setting.

Chapter 6 presents the cost-effectiveness of the two surgical treatment strategies of 
a primary cystocele.

Chapter 7 contains the general discussion, conclusion and future directions.

Chapter 8 contains a summary in English.

Chapter 9 contains a summary in Dutch.
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ABSTRACT
Introduction and hypothesis: The use of vaginally implanted polypropylene meshes 
in the treatment of prolapse is becoming increasingly popular. We set out to detect 
how often bacterial colonisation of the mesh occurs and if the intraoperative sterility 
procedures that are applied matter. 

Methods: In 64 consecutive women bacterial colonisation was compared between two 
intraoperative sterility procedures. Culture swabs of the core mesh were taken during 
surgery, and the mesh arms removed at the end of surgery were cultured separately.

Results: Sixty-seven implants were cultured. In 56 (83.6%) implants, a positive culture 
with vaginal bacteria was found with very low bacterial density (< 103 colony forming 
units). No significant differences in bacterial species, density, clinical infection and 
erosion (two anterior and one posterior) were found between the two intraoperative 
sterility methods.

Conclusions: Colonisation of vaginally implanted mesh occurs frequently but in low 
bacterial densities, irrespective of the intraoperative sterility procedure used.
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INTRODUCTION
In recent years, the use of synthetic mesh implants has rapidly become popular in 
pelvic organ prolapse surgery. The principal reason for its use is the observation that 
approximately one third of vaginal wall prolapses recur after classical midline fascia 
plication techniques.1 Observational studies on monofilament polypropylene mesh 
implants have shown that the anatomical recurrence rate is lower after the use of 
mesh material as compared to classical prolapse repair without mesh.2-4

However, the risks of infection and erosion when using mesh material are 
concerns currently being discussed. The properties of the mesh play an important 
role in lowering the infection risk. Currently, the so-called type 1 macroporous 
monofilament polypropylene mesh shows the lowest risk of infection and erosion 
and is therefore widely used. The use of tension-free type 1 polypropylene tapes 
in incontinence surgery has been shown not to be associated with a significant 
risk of mesh related infections.5-7 But, since the size of the meshes used for vaginal 
prolapse surgery and its positioning in the vagina differs substantially from the 
sub-urethral tapes, extrapolation of infection risk data on sub-urethral tapes cannot 
be made in advance. In theory, the risk of immediate or delayed infection can also 
be dependent on the sterility procedure during surgery. The objective of this study 
is to compare the intraoperative bacterial contamination of polypropylene mesh 
and clinical signs of infection between the hospital’s routine and a more extensive 
intraoperative sterility procedure.

MATERIALS AND METHODS
From December 2005 on, we use a collagen-coated transobturator polypropylene 
type 1 mesh (Avaulta®, Bard, USA) for the repair of cystoceles and rectoceles ≥ stage 2 
according to the POP-Q staging system.8 Because of the theoretical protective effect 
of the collagen coating against a strong inflammatory response, and thereby possible 
erosion risk, we started to use this product. After gaining clinical experience with 
the implantation of 62 meshes we started the study. All mesh kits consist of a core 
with four lateral arms. In anterior vaginal wall repair, we perform hydrodissection 
with 20-30 ml of a saline/epinephrine (1:200.000) solution. After full thickness 
dissection of the vagina from the bladder the paravesical space is entered and 
the mesh is placed with the use of four needle passages, outside-in, through the 
obturator foramen, according the procedural guidelines of the Avaulta anterior 
product. In posterior repair a full thickness dissection of the posterior vaginal wall 
is performed, after which the left and right pararectal spaces are entered and the 
sacrospinous ligament is identified. The mesh is placed through two skin incisions 
3 cm lateral and 3 cm inferior to the anus. The curved needle is passed through the 
ischiorectal fossa parallel to the rectum towards the ischial spine on both sides to 
retrieve the two proximal arms of the mesh. Again the procedural guidelines of the 
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Avaulta posterior product are followed strictly. From September 2006, we started 
bacterial culturing of the meshes. We started with 37 consecutive women who 
received our routine surgical sterility policy, further referred to as method 1. From 
January 2007, we cultured meshes in 27 women who received additional sterility 
procedures, further described as method 2. Because of the lack of data on bacterial 
contamination of polypropylene mesh during vaginal surgery, we did not perform a 
sample size calculation.

In method 1, no repeated disinfection of the operating area, no change of gloves 
or surgical instruments were performed during surgery. In method 2, a second 
disinfection of the surgical area with iodine, together with change of gloves and 
instruments, were performed just before the mesh was implanted. 

Surgery was performed under general anaesthesia or spinal analgesia, according to 
patients preference.

Before surgery, all women received a single dose of prophylactic antibiotics 
(intravenous cephazolin 1000 mg and metronidazole 500 mg) at least ten minutes 
before incision. The surgical area (vulva and vagina) was disinfected with povidone-
iodine solution (Betadine, Meda Pharma,The Netherlands) and covered with sterile 
surgical drapes. This included a separate drape covering the anal region. The mesh 
was kept sterile in its package and was unpacked just before implantation. The time 
of mesh exposure between opening of the package and closing the vagina was 
measured in all women. After the mesh implantation, just before closing the vaginal 
wall, culture swabs (transwab MW&E, England) were taken from the central part of 
the mesh by diagonally crossing the mesh with the transwab stick (from 10 to 4 
o’clock and from 2 to 8 o’clock). Furthermore, the removed excessive materials of the 
mesh arms were sent to the microbiological laboratory for culturing. 

Samples were transferred to microbial agar plates. These included blood agar, 
McConkey-agar, Brucella blood agar with gentamycin for anaerobic bacteria and a 
mout agar for yeast (Becton Dickinson, Belgium). Samples were incubated for 48 hours 
at 37°C. All plates were evaluated semi-quantitatively (expressed as colony-forming 
units per milliliter (CFU)) for the growth of Gram-negative, Gram-positive, as well 
as anaerobic microorganisms and yeasts. Subsequently, colonies were determinated 
on species level (Phoenix, Becton Dickinson) and susceptibility for cephazolin and 
metronidazol (Rosco, Taastrup, Denmark) was determined.

Postoperatively an indwelling bladder catheter was used for one (posterior repair) 
or three (anterior repair) days. In all women baseline characteristics, intra- and 
postoperative complications were registered. Follow up was performed by scheduled 
visits to the outpatient clinic at 6 weeks and 6 months postoperatively. Mesh 
infection was evaluated by physical and vaginal examination, looking for signs of 
fever, redness, discharge, tenderness and swelling. If an infection was suspected, 
cultures of vagina, urine and blood were taken. Erosion was defined as any vaginal 
mesh exposition.
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All data were analyzed using SPSS 12.0.1. Comparisons between groups were made 
with Chi-square statistics for categorical and student t-tests for interval data. The 
significance level was set at a p-value of < 0.05.

The study was approved by the local medical ethics committee. 

RESULTS
In Table 1 the characteristics of the both study populations are shown. A total of 68 
implants, 39 Avaulta anterior and 29 Avaulta posterior, were implanted in 64 women. 
In one of the combined anterior and posterior procedures only the anterior mesh was 
cultured, leaving a total of 39 anterior and 28 posterior meshes that were cultured. 
No statistical significant differences were found between the two groups, except 
for postoperative fever. This occurred more often in women who had the extensive 
sterility procedure, but was of borderline significance (p=0.07).

Table 1. Patients characteristics

Characteristics Method 1 (n=37) Method 2 (n=27) P

Age (years, mean±SD) 61 (11) 59 (10) 0.57

BMI (kg/m2, mean±SD) 26 (5) 26 (5) 0.76

Previous prolapse surgery, numbers (%) 20 (54) 17 (63)

Anaesthesia
-General
-Regional

18 (49)
19 (51)

14 (52)
13 (48)

0.68

Surgery, numbers (%)
-Anterior repair
-Posterior repair
-Combined repair

21 (57)
13 (35)
  3 (8)

14 (52)
12 (44)
  1 (4)

0.64

Blood loss (ml, mean±SD) 68 (± 58) 75 (± 44) 0.59

Operating time (min, mean±SD)
Time of mesh exposure (mean±SD)

39 (± 12)
20 (± 9)

42 (±12)
18 (± 4)

0.27
0.42

Complications, numbers (%)
-Peroperative
-Postoperative
  -Hematoma
  -Fever
  -Mesh erosion

0 (0)

2 (5)
0 (0)
2 (5)

0 (0)

1 (4)
3 (11)
1 (4)

0.63

0.75
0.07
0.75

In Table 2, the culture results of the central part of the mesh are shown. In a total 
of 56 implants (83.6%) a positive culture was obtained from the central part. In nine 
implants, the cultured bacteria were potentially pathogenic but at a very low bacterial 
density (<100 CFU). The bacterial density counted 100-1000 CFU in only two implants 
(3%), both with non-pathogenic species.
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Table 2. Culture results from the central part of the implant

Bacterial species None <10CFU 10-100CFU
>100-

<1000CFU

Non-pathogenic species
Coagulase-negative Staphylococcus 17(25.4) 34(50.7) 16(23.9) -

Lactobacillus 52(77.6) 3(4.5) 12(17.9) -

Proprionibacteria 55(82.1) 7(10.4) 5(7.5) -

Corynebacterium 55(82.1) 8(11.9) 3(4.5) 1(1.5)

Group B Streptococcus (S. agalactiae) 66(98.5) 1(1.5) - -

Group C, D, G streptococci 60(89.6) 5(7.5) 1(1.5) 1(1.5)

Peptostreptoccus 66(98.5) 1(1.5) - -

Potential pathogenic species
Staphylococcus aureus 65(97) 1(1.5) 1(1.5) -

Yeast 67(100) - - -

Escherichia coli 64(95.5) 3(4.5) - -

Klebsiella spp. 67(100) - - -

Bacteroides 65(97) 1(1.5) 1(1.5) -

Enterococcus 66(98.5) 1(1.5) - -

Proteus mirabilis 66(98.5) 1(1.5) - -

Values are presented as numbers (%). 

In addition to the cultures from the central part of the mesh, the removed excess 
material of the arms from the mesh was also cultured. At least two arms were sent 
in for culture in all meshes except for one. A total of 207 mesh arms were cultured of 
which 197 (96%) were colonised. This was not significantly different from the results 
of the central part of the mesh. The cultured species were equal to the central part 
of the mesh and 13 cultures (6.3%) showed a bacterial density between 100 and 
1000 CFU, all coagulase-negative staphylococci and lactobacillus. 

In Table 3, the differences in colonisation of the central part of the mesh between the 
two methods of handling of the mesh are shown. No statistical significant differences 
were found. In addition, the two cultures from the central part of the mesh that showed 
a bacterial density between 100 and 1000 CFU both occurred in the method 2 group

In Table 4, the differences in colonisation of the central part of the mesh for the Avaulta 
anterior and Avaulta posterior are shown. The Avaulta anterior mesh was significantly 
more likely to have become colonised with coagulase-negative staphylococci as 
compared to the Avaulta posterior mesh. The opposite was true for the lactobacillus 
colonisation which appeared to occur more frequently in the posterior mesh, although 
this difference was of borderline statistical significance.

No postoperative fever was detected in any of the women of method 1. In the method 
2 group three women had a body temperature above 38 in the first 2 days after surgery. 
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Table 3. Relationship between type of sterility procedures and bacterial growth on the mesh

Bacterial species Method 1 (n=40) Method 2 (n=27) p value

Non-pathogenic species
Coagulase-negative Staphylococcus 31 (77.5) 19 (70.4) 0.13

Lactobacillus 8 (20.0) 7 (25.9) 0.16

Proprionibacteria 7 (17.5) 5 (18.5) 0.55

Corynebacterium 6 (15.0) 6 (22.2) 0.58

Group B Streptococcus (S. agalactiae) 1 (2.5) 0 (0) 0.41

Group C, D, G streptococci 2 (5.0) 5 (19.5) 0.25

Peptostreptoccus 1 (2.5) 0 (0) 0.41

Potential pathogenic species
Staphylococcus aureus 1 (2.5) 1 (3.7) 0.34

Yeast - - -

Escherichia coli 1 (2.5) 2 (7.4) 0.34

Klebsiella spp. - - -

Bacteroides 0 (0) 2 (7.4) 0.22

Enterococcus 1(2.5) 0(0) 0.41

Proteus mirabilis 1(2.5) 0(0) 0.41

Values are presented as numbers (%)

Table 4. Relationship between site of implant and bacterial growth

Bacterial species Anterior (n=39) Posterior (n=28) p value

Non-pathogenic species
Coagulase-negative Staphylococcus 33 (84.6) 17 (60.7) 0.03*

Lactobacillus 5 (12.8) 10 (35.7) 0.09

Proprionibacteria 9 (22.5) 3 (11.1) 0.41

Corynebacterium 10 (25.6) 2 (7.2) 0.23

Group B Streptococcus (S. agalactiae) 1 (2.6) 0 (0) 0.39

Group C, D, G streptococci 6 (15.5) 1 (3.6) 0.45

Peptostreptoccus 0 (0) 1 (3.7) 0.22

Potential pathogenic species
Staphylococcus aureus 1 (2.6) 1 (3.6) 0.35

Yeast - - -

Escherichia coli 2 (5.1) 1 (3.6) 0.76

Klebsiella spp. - - -

Bacteroides 0 (0) 2 (7.2) 0.24

Enterococcus 0 (0) 1 (3.6) 0.23

Proteus mirabilis 1 (2.6) 0 (0) 0.39

Values are presented as numbers (percentage) 
*p<0.05 with Pearson chi-Square test
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In one woman, it was measured once and no infectious origin could be detected. In 
two women the fever resolved completely after oral antibiotics (amoxicillin/clavunalate 
potassium). No clinical signs of infection of the mesh were found in these women. 
Blood, vaginal and urine cultures were negative. All women were seen at six weeks and 
six months after surgery and no signs of infection at the surgical site were found.

In three women, a postoperative haematoma was diagnosed. These three women 
all developed an erosion/exposure, two cases in method 1 (anterior wall) and one 
case in method 2 (posterior wall). The erosions/exposures were all diagnosed within 
four months after surgery and located in the midline along the vaginal incision. The 
intraoperative cultures of the meshes of these women showed coagulase-negative 
staphylococci in two cases (both method 1) and no bacteria in one (method 2). The 
mesh at the erosion site was operatively excised, the vaginal wall closed again, and 
these three women made an uneventful recovery.

DISCUSSION
In this prospective observational study, we set out to detect the rate of bacterial colonisation 
of vaginally implanted collagen-coated polypropylene mesh, and if different sterility 
procedures during surgery were associated with differences in colonisation and clinical 
infection rate of vaginal implanted collagen-coated polypropylene mesh. We found that 
the colonisation rate is high, but the density of colonisation is far below the limit of what is 
known as clinical important contamination. All possible pathogenic microorganisms were 
susceptible to our antibiotic prophylaxis regime. We found no differences in colonisation, 
clinical infection and erosion/exposure rate between the two sterility procedures. 

There are several potential drawbacks of our study that need to be discussed. First, our 
study is an observational study and therefore we cannot exclude the possibility that our 
two groups differed in characteristics. By using two consecutive cohorts we tried to avoid 
potential indication bias. Secondly, we did not perform a sample size calculation based 
on an expected difference between the two sterility procedures. If, with the results of our 
study in mind, we would have liked to detect a difference between a colonisation of 77.5% 
versus 70.4% (for coagulase-negative staphylococcus) between groups, we would need 
500 women in each group to detect this difference with a power of 0.8. For detecting the 
difference in E.Coli detection (which was in favour to the standard sterile group), 2.5% 
versus 7.4%, two groups of 381 women would be needed. Thirdly, we did not compare a 
non-coated versus a coated polypropylene mesh, so any ideas on the possible protective 
value of the coating with respect to colonisation, remains purely speculative. 

Our study shows that in the majority of women the vaginal collagen-coated polypropylene 
mesh becomes colonised during surgery. There are several issues of importance when 
discussing this finding. First, vaginal surgery is “clean-contaminated surgery” because the 
vagina is naturally colonized with bacteria. In our study almost all cultured bacteria can 
be regarded as common vaginal microorganisms9. This finding, in combination with the 

28



2

BACTERIAL COLONISATION OF POLYPROPYLENE VAGINAL MESH

finding that the bacterial density was low and all bacteria were susceptible to the antibiotic 
prophylaxis, is consistent with the fact that no clinical infections of the mesh occurred at 6 
months follow-up. Secondly, there is the issue of the definition of contamination. Culligan 

defined a bacterial contamination as any specimen culture that yielded ≥ 5000 CFU/ml.9 
Using this definition none of the colonisations we found can be regarded as contamination, 
regardless of the sterility procedure used. Also, potential pathogenic microorganisms, like 
Staphylococcus aureus, Escheria coli, Bacteroides species and yeast were seldom or not at 
all cultured and, if so, occurred in very low densities. Thirdly, the colonisation may have 
occurred because of an extensive exposure of the mesh to potential pathogens. Since we 
opened the mesh package just before implanting it and the mesh time exposure was only 
18-20 minutes in all, we believe to have avoided excessive exposure as much as possible. 
The difference in colonisation between the anterior and posterior implants with respect to 
coagulase-negative staphylococcus might be explained from the handling of the mesh. In 
an anterior procedure, the mesh is reflected anteriorly after the first two proximal needle 
passages, bringing the mesh in contact with the vulva skin. After placement of two stay 
sutures the implant is deflected away from the skin in order to pass the two distal needles. 
In case of the posterior procedure the mesh is always placed over the perineum, which is 
covered by a sterile drape. So contact with actual skin is minimal.

Another important finding of our study is the fact that repeated disinfection of the 
surgical area just before handling the mesh did not alter the colonisation rate and type 
of cultured microorganism. Hessami and co-workers showed that rapid recolonisation of 
the surgical area with vaginal bacteria occurred after standard iodine disinfection.10 Thirty 
and sixty minutes after iodine disinfection bacterial colonisation occurred in respectively 
67 and 81% of cases. This rapid recolonisation supports our finding that after a mean 
mesh exposure time of 18 min, we already found a similar bacterial colonisation rate 
between the two sterility techniques. Another study by Culligan et al. showed that during 
vaginal surgery, 52% of vaginal cultures were contaminated (>5000 CFU/Ml) after 30 min.9 
In addition, they showed that the number of positive cultures decreased sharply with an 
increasing time interval between the start of surgery (disinfection) and moment of vaginal 
culture. This indicates that the effect of antibiotic prophylaxis is likely to be of far greater 
importance then the disinfection procedure itself. They postulated that efforts should be 
undertaken to reduce contamination in the first 30 – 90 min of surgery. However, our data 
show that repeated disinfection of the surgical region did not diminish the colonisation 
rate or the bacterial density. Also, we found no statistical significant differences in 
colonisation rate or bacterial species between the cultures taken from the central part 
of the mesh and lateral arms. Apparently, pulling the arms through, from the vagina 
outwards, exposes the mesh arms to vaginal bacteria.

In our study, none of the cultures showed bacterial density > 1000 CFU. This is in sharp 
contrast to the 52% reported by Culligan. One reason might be that we used a combination 
of cephazolin and metronidazole as antibiotic prophylaxis, whereas they only used 
cephazolin. Unfortunately, data on the species cultured during their study are not given, so 
a more extensive comparison cannot be made. Another reason might be that we cultured 
the mesh itself and did not collect specimens from another part of the vagina. Finally, 
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the collagen coating of the mesh could have been protective against early significant 
colonisation, but of course our study was not designed to test this hypothesis.

In our study, 64 women received a vaginal repair with the Avaulta mesh and no clinical 
infections were found during prospective follow up of 6 months. This is consistent with 
literature that shows that mesh-related infections occur infrequently (0-8%) in vaginal 
pelvic organ prolapse surgery.5,11-14 Nevertheless, when pathogenic bacteria are involved, 
like S. aureus and Bacteroides species, infections can be very serious.14,15 Our antibiotic 
prophylaxis regime is designed to prevent serious colonisation with these pathogens.

In our study three women had an erosion/exposure of the mesh during the follow-up 
period. The difference between erosion and exposure is currently subject of discussion. 
If one states that an exposure always occurs in the line of incision and an erosion can 
occur anywhere in the vagina, our three women had an exposure. These women had a 
postoperative hematoma that was not drained or evacuated. Since all exposures occurred 
in the line of incision, and intraoperative cultures of the removed mesh in these women 
were either negative or showed non-pathogenic bacteria in low densities, we believe that 
the delayed wound healing was the cause of this mesh exposure in our series. 

If mesh erosion is found it raises the question if colonisation of the mesh is a risk factor for 
the development of erosion, or that erosion exposes the mesh to vaginal bacteria to become 
colonized. In a recent study, bacteriological cultures of mesh material were taken from 16 
women who had a removal of their vaginal mesh due to erosion or infection. In women 
with removal of the mesh due to an erosion, all cultures revealed bacteria quantities below 
103/ml.16 Whether or not these erosions were due to contamination during initial surgery 
remains unclear, but this seems highly unlikely in view of our data showing that low-grade 
colonisation occurs during surgery very frequently. If a causal relationship should exist, we 
would have expected much more problems of infection or erosion in our series. 

At this stage, the use of a type 1 monofilament macroporous (> 75µm) polypropylene 
mesh carries the lowest infection and erosion risk in any kind of reconstructive surgery.11 
However, long-term data on safety with respect to the risk of infection and erosion in 
vaginal surgery are still lacking. Infection of mesh in abdominal wall reconstruction may 
occur several years after surgery.17 Several bacteria species (like S. aureus and E.coli) are 
capable of biofilm formation. Such a biofilm may protect bacteria to the host-defence 
mechanism and could be associated with infection at a later stage. However, its specific 
role in infection and erosion of synthetic mesh still has to be determined.17 

CONCLUSION
In conclusion, this study shows no additional effect of implementing additional 
sterility procedures during surgery on the bacterial contamination of mesh material 
or on clinical infection rate. The routinely performed sterility procedure together with 
a broad spectrum antibiotic prophylaxis appears to be safe in vaginal prolapse surgery 
with type-1 collagen-coated polypropylene mesh material. 
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ABSTRACT
Objective: To assess efficacy and safety of vaginal mesh in primary and recurrent 
repair of cystocele.

Methods: Multicenter prospective cohort study of 2 cohorts of women with 
symptomatic cystocele operated with an anterior trocar-guided mesh kit. One cohort 
consisted of women with primary repair and one cohort underwent recurrent repair. 
Primary outcome was anatomical cure (cystocele < stage II) at 12 months follow-
up. Secondary outcomes were effects on urogenital symptoms and adverse events. 
Validated questionnaires, containing Urogenital Distress Inventory and Incontinence 
Impact Questionnaire were responded at baseline and 12 months. 

Results: Hundred and twenty-four women underwent primary and 56 recurrent 
repair. The response rate with respect to anatomical outcome was 56% and 66% 
respectively. After primary repair, anatomical outcome was successful in 94% (65/69). 
Subjective improvement was reported on all domains, with clinical relevant effect 
sizes (ES ≥ 0.9) on the prolapse and overactive bladder domains (response rate 71%). 
After recurrent anterior mesh repair, anatomical cure was reported in 95% (35/37). 
Subjective improvement was reported on all domains with effect sizes ≥ 0.8 on the 
prolapse, obstructive micturation, pain and emotional functioning domains (response 
rate 62%). De novo dyspareunia was reported in 21 and 39% of sexual active women 
in respectively primary and recurrent repair. In 3 (3%) respectively 2 women (4%) 
mesh exposure was detected. 

Conclusion: Significant improvement on both anatomical and functional outcome 
was observed after vaginal mesh use in both primary and recurrent cystocele repair. 
Different subjective improvement can be expected in either primary or recurrent repair.
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INTRODUCTION
After the successful introduction of synthetic suburethral sling procedures for the 
treatment of stress urinary incontinence the focus of gynaecologists has shifted to the 
use of similar materials in pelvic organ prolapse surgery. After surgery for pelvic organ 
prolapse it was estimated that 29% of women required repeated surgery.1-4 In order 
to improve the anatomical outcome both biological grafts as well as synthetic meshes 
have been used in a variety of techniques. One of the latest trends in pelvic organ 
prolapse surgery is the use of trocar-guided transvaginal polypropylene mesh kits. 
For an anterior vaginal wall repair these kits use the transobturator approach. Several 
recent systematic reviews and randomized controlled trials agree upon the fact that 
the use of synthetic meshes produce good anatomical outcomes, but concerns rise 
with respect to safety and functional outcome.5-9 Recently, the FDA updated their 
public health notification regarding complications associated with surgical correction 
of pelvic organ prolapse (POP).10 One of the issues under discussion is if mesh should 
be used in primary repairs or only in secondary repairs? Information on anatomical and 
functional outcome for both indications is important in this discussion. In addition, 
outcomes and complications may differ between primary and recurrent repair, which 
is important in counseling women about expected outcomes. Therefore, the aim of 
this study was to report on clinical outcome and safety of an anterior trocar-guided 
mesh kit (Avaulta® classic) in primary and recurrent repair of symptomatic cystocele.

MATERIALS AND METHODS

Study design
Between January 2006 and February 2008 we started two prospective cohort studies in four 
large teaching hospitals of women operated with a mesh kit for symptomatic cystocele. 
One cohort consisted of women with a symptomatic cystocele requiring primary repair, 
the other cohort of women had surgery because of a recurrent cystocele after failure of 
an earlier classical fascia reefing repair. All women who visited the outpatient clinic with 
a symptomatic cystocele ≥ stage II (POP-Q)11 were counselled about the use of the trocar-
guided transobturator mesh kit (Avaulta® classic anterior, C.R. BARD inc., Covington, USA). 
Women were informed about our expectations regarding anatomical outcome, which is 
in favor of the Avaulta® as compared to the anterior colporrhaphy, and about our limited 
knowledge regarding complications and functional outcome. They were asked if they were 
willing to participate in our follow-up of this new technique. All women participating gave 
informed consent. Data were prospectively collected at baseline and during the regular 
follow-up at 6 and 12 months after surgery. The study protocol was approved by the 
institutional ethics committee. In reporting our data we adhered to the strobe statement.12

Surgical procedure
Gynecologists from the 4 participating hospitals performed all procedures. At the start 
of the procedure hydrodissection with 20-30 ml of a saline/epinephrine (1:200.000) 
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solution is performed in the anterior vaginal wall. After full thickness dissection 
of the vagina from the bladder, the mesh is placed according to the procedural 
guidelines of the Avaulta® anterior product. The Avaulta® anterior was combined 
with a sacrospinous hysteropexy and/or posterior colporrhaphy when indicated by 
judgement of the clinician. All women received pre-operative antibiotic and deep 
vein thrombosis prophylaxis according to the local protocol.

Measurements
The primary outcome was anatomical cure, defined as a cystocele < stage II at 12 
months follow-up. Secondary outcome measures were urogenital symptoms and 
per-and postoperative complications.

The following pre-operative data were registered: age, body mass index (BMI), 
obstetric and surgical history, prolapse staging (POPQ) and urogenital symptoms. 

Per- and postoperatively the following parameters were recorded: type of anaesthesia, 
blood loss, operation time, complications, additional surgical procedures performed, 
visual analogue pain scores at day 1 and 2 after surgery (scale 0-100, 0=no pain, 100= 
the worst pain), urinary retention (> 150 ml), days of prolonged bladder catheterization 
and days of hospitalization. A blood loss of > 400 cc was defined as complication. In 
case of urine retention prolonged catheterization was performed according to the 
local protocol. Mesh-related complications were coded according to the most recent 
terminology proposed by the International Urogynecological Association (IUGA)/
International Continence Society (ICS) joint terminology and classification committee.13 

At 12 months anatomical outcome was assessed with the POP-Q system. Urogenital 
symptoms were measured with the disease-specific symptom and quality of life 
questionnaires the Urogenital Distress Inventory (UDI) and Incontinence Impact 
Questionnaire (IIQ).14 

The Dutch version of the UDI consists of five domains: urinary incontinence, overactive 
bladder, pain, obstructive micturition and prolapse. The IIQ measures the impact of 
urogenital symptoms on quality of life in 5 domains: physical functioning, mobility, 
social functioning, embarrassment and emotional health. The scores of these domains 
vary from 0-100, in which a higher score indicates more symptom bother or worse 
quality of life. These questionnaires were all validated for the Dutch population.15 

Sexual function was measured with three selected items of a questionnaire for sexual 
dysfunction16: “Do you have sexual contact with your partner?”, “Do you experience 
pain during intercourse?” and “Is your vagina too narrow to permit intercourse?”. If 
the symptom was present bother could be indicated as: no bother, slightly bothered, 
much bothered or severely bothered.

Statistical analyses
Descriptive statistics were used to report on baseline characteristics. Paired sample 
t-tests were used to compare interval data at baseline and 12 months follow-up. To 
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assess the potential effect of missing POPQ stage data an extra scenario was added to 
the analyses. The missing values at 12 months follow up were replaced with the last 
observation at 6 months follow up carried forward.

In order to obtain information on the potential clinical relevance of our findings effect 
sizes were calculated according to the principles by Cohen (mean difference between 
group / mean standard deviation).17 An effect size of 0.3 was considered as small and 
not clinically relevant, 0.5 as medium and > 0.8 as high. All statistics were performed 
in SPSS version 15.0 (SPSS Inc., Chigaco, Illinois, USA). 

RESULTS
During the study period a total of 408 women were operated for a cystocele. One 
hundred and eighty women (44%) received an Avaulta® anterior. One hundred and 
twenty-four women (68.9%) had an Avaulta® anterior implant as primary surgery and 
56 women (31.3%) as a recurrent repair. The study flow chart is shown in Figure 1. The 
baseline characteristics of the two groups are shown in Table 1. 

Figure 1. Flowchart. 
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Table 1. Baseline characteristics

Patient characteristics

Avaulta® in primary 
cystocele repair 

(n=124)

Avaulta® in recurrent 
cystocele repair  

(n=56)

General 
Age 62.6 (11.4) 61.7 (10.7)

Body Mass Index 25.3 (3.6) 26.2 (3.0)

Parity   2    (1-7)a   2    (1-6)a

Previous surgery 51 (41%) 49 (88%)

Hysterectomy 43 (35%) 34 (61%)

Anti-incontinence surgery   7 (6%) 16 (29%)

Posterior colporrhaphy 11 (9%) 28 (50%)

Uterus or vault suspension 10 (8%) 12 (21%)

Stage of prolapse before surgery (POP-Q)
Cystocele   stage ≥ II 124 (100%) 56 (100%)

Rectocele   stage ≥ II   12 (10%)   2 (4%)

Vault or uterus prolapse stage ≥ II   64 (52%) 13 (23%)

Enterocele  stage ≥ II     0 (0%)   0 (0%)

UDI/IIQ domain scores before surgery (n=103) (n=47)
UDI Prolapse 61.1 (30.0) 55.0 (33.5)

UDI Incontinence 20.9 (20.7) 27.0 (27.6)

UDI Overactive bladder 37.2 (27.0) 33.8 (25.6)

UDI Obstructive micturition 35.0 (23.1) 34.9 (27.8)

UDI Pain 33.5 (30.1) 40.4 (26.5)

IIQ Physical functioning 29.4 (28.9) 30.4 (32.2)

IIQ Mobility 29.2 (25.4) 33.1 (26.4)

IIQ Social functioning 15.2 (20.2) 18.5 (21.9)

IIQ Embarrassment 12.9 (17.7) 15.1 (25.9)

IIQ Emotional functioning 24.9 (25.1) 28.2 (28.3)

Values are means (standard deviation) or numbers (%) unless otherwise stated. 
a median (range). 

Primary repair
The 124 women who had primary surgery represent 35% of the women with 
a cystocele requiring primary repair. In the primary repair group anatomical data 
were complete for 69/124 women (56 %) at 12 months. Anatomical outcome was 
successful in 65/69 (94%) women (Table 2). With the last outcome carried forward (6 
months data) analysis a similar outcome was observed. A de novo rectocele stage ≥ 
II was observed in 13/63 (21%).

At 12 months follow up in the primary group 73/103 (71%) returned the UDI 
and IIQ questionnaires. In Table 3, the mean changes in functional outcomes, as 
measured with the UDI and IIQ, are shown. All domain scores improved significantly 

38



3

MESH IN PRIMARY OR RECURRENT CYSTOCELE REPAIR

Table 2. Anatomical outcome at 12-month follow-up in primary and recurrent cystocele repair

Avaulta® in primary 
cystocele repair

Avaulta® in recurrent 
cystocele repair

Follow-up 12 months (n=69) (n=37)

Cystocele   stage ≥ II   4 (6%) 2 (5%)

Rectocele   stage ≥ II 13 (19%) 3 (8%)

Vault or uterus prolapse stage ≥ II   4 (6%) 2 (5%)

LOCF 6 →12 months (n=109) (n=45)

Cystocele   stage ≥ II   5 (5%) 2 (4%)

Rectocele   stage ≥ II 19 (17%) 4 (9%)

Vault or uterus prolapse stage ≥ II   5 (5%) 2 (4%)

Values are means (standard deviation) or numbers (%) unless otherwise stated. 
LOCF= Last Outcome Carried Forward: in case of missing anatomical outcome at 12 months, 
the outcome of 6 months is carried forward to 12 months

at 12-month follow up with a high clinical effect on the UDI prolapse and overactive 
bladder domains (effect sizes ≥ 0.9).

In all IIQ domains, except for embarrassment, a statistical significant improvement 
was found However, all changes in IIQ domain scores are of poor to moderate clinical 
relevance, as is shown by the effect size scores.

Peri-and early postoperative complications were low as shown in Table 4. A bladder 
perforation occurred in 3% of the women and during surgery we decided not to place 
a mesh but to perform an anterior colporrhaphy.

Fifteen (12%) re-operations were performed during the follow up period, 5 times 
mesh related. In three women a 0.4-2 cm vaginal exposure was observed at 6-month 
follow up, 2 times classified as 2BcT3S1 and once as 3AaT3S1. These exposures 
were removed by local excision and closure of the vaginal defect under regional 
anaesthesia. One woman needed a second excision but finally all women recovered.

One woman suffered from vaginal pain, related to mesh folding and shrinkage of 
the mesh arm. After partial removal of the mesh she recovered uneventful. This 
complication is classified as 1BeT3S2.

Sexual symptoms before and after surgery are presented in Table 5. Not all questions 
about sexuality were answered by the responding women. 

Recurrent repair
Fifty-six women underwent recurrent cystocele repair with an Avaulta® anterior 
mesh. Thirty-seven women (66%) in the recurrent repair group were available for 
our primary outcome at 12-month follow up. Anatomical cure was reached in 95% of 
the 37 women available for follow up (Table 2). Our LOCF analysis did not alter this 
outcome. In 3/35 (9%) a de novo rectocele stage ≥ II was observed.
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Table 3. Mean changes in UDI and IIQ scores for primary and recurrent cystocele repair at 12-month 
follow up 

Avaulta® in primary  
cystocele repair 12 months p-value Effect size

Primary repair (n=73)
UDI domain scores
Prolapse 53.4 (33.3) <0.001 1.6

Incontinence   4.9 (18.6) 0.030 0.3

Overactive bladder 21.5 (24.2) <0.001 0.9

Obstructive micturition 24.4 (33.5) <0.001 0.7

Pain 13.3 (24.6) <0.001 0.5

IIQ domain scores
Physical functioning 14.5 (26.5) <0.001 0.5

Mobility 12.5 (24.8) <0.001 0.5

Social functioning   6.5 (19.0) 0.008 0.3

Embarrassment   4.1 (19.9) 0.113 0.2

Emotional functioning   7.5 (22.8) 0.009 0.3

Avaulta® in recurrent 
 cystocele repair 12 months

Recurrent repair (n=29)
UDI domain scores
Prolapse 48.8 (32.5) <0.001 1.5

Incontinence 11.9 (31.4) 0.055 0.4

Overactive bladder 17.6 (33.9) 0.018 0.5

Obstructive micturition 21.4 (27.2) <0.001 0.8

Pain 25.0 (24.2) <0.001 1.0

IIQ domain scores
Physical functioning   5.8 (22.8) 0.236 0.3

Mobility   9.9 (23.1) 0.035 0.4

Social functioning   4.2 (20.7) 0.334 0.2

Embarrassment 10.7 (18.3) 0.004 0.6

Emotional functioning 16.0 (20.3) <0.001 0.8

Paired sample t-test. Mean (sd) differences between baseline and 12-month follow up. Effect 
size = mean difference/standard deviation 
Interpretation: A highly clinical improvement is seen in the UDI domain prolapse (1.5-1.7) 
after 12 months in both primary and recurrent cystocele repair with Avaulta® anterior.

At 12-month follow up 37/47 women (62%) returned the questionnaires. Significant 
improvement on all UDI domains was found. A high clinically relevant effect 
was observed in the prolapse, obstructive micturition and pain domains with 
effect sizes  ≥  0.8 (Table 3). Significant improvement on the IIQ domains mobility, 
embarrassment and emotional functioning was found, with a high clinical effect on 
the emotional functioning domain. No clinical significant change on the physical and 
social functioning domains was observed.
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The number of peri-and early postoperative complications was low (Table 4). In 2 women 
a bladder perforation occurred and during surgery we decided not to place a mesh but to 
perform an anterior colporrhaphy. Mesh exposure occurred in 2 women, both classified as 
AaT3S1c. One woman had a local excision of the mesh and closure of the vaginal defect 
under local analgesia. The other exposure resolved after topical estrogen application. One 
women experienced vaginal pain, classified as 1BeT3S2. After a total removal of the mesh, 
she was pain free. Finally, in one woman the mesh was completely retracted under the 
bladder neck, with a resulting symptomatic high cystocele. A four-corner Raz suspension 
was performed. Not all women answered the questions about sexuality (Table 5). 

Table 4. Surgical procedures and complications

Additional surgical procedures

Avaulta® in primary 
cystocele repair 

(n=124)

Avaulta® in recurrent 
cystocele repair 

(n=56)

Sacrospinous hysteropexy or vault fixation 28 (22.6)   4 (7.1)

Posterior colporrhaphy   9 (7.3)   3 (5.4)

Suburethral tape   8 (6.5)   3 (5.4)

Manchester Fothergill   1 (0.8)   -

Abdominal Rectovaginopexy   1 (0.8)   -

IVS® posterior   1 (0.8)   -

Peri-operative items 
Duration of surgery (minutes) 40 (14) 43 (16)

Blood loss (ml) 47 (53) 55 (84)

Bladder perforation   4 (3%)   1 (2%)

Early (< 2 weeks) post-operative items
Pain score at day 1 18 (19) 24 (21)

Pain score at day 2 14 (15) 18 (17)

Urinary retention in ml 54 (131)   59 (150)

Prolonged bladder catheterization (> 3 days) 17 (14.2)   7 (13.5)

Prolonged bladder catheterization (> 6 days)   0 (0)   1 (1.8)

Hospitalization days (median and range)   3 (1-4)   3 (1-5)

Complications
Exposure of mesh   3 (3%)   2 (4%)

Re-operations 15 (12%)   3 (5%)
Mesh related   5 (4%)   1 (2%)

Partial removal of mesh   1 (1%)   0

Total removal of the mesh   0   1 (2%)

Exposure   4 (3%)   0

TVT(-O)   3 (3%)   0

Posterior mesh kit   6 (5%)   1 (2%)

Sacrospinous hysteropexy   1  (1%)   0

Anterior repair with 4 corner Raz suspension   0   1 (2%)

Values are means (standard deviation) or numbers (%) unless otherwise stated. 
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DISCUSSION
The use of the trocar-guided Avaulta® classic anterior system for the surgical treatment of 
symptomatic primary or recurrent cystocele showed an important clinical improvement 
in both anatomical and functional outcome after 12 months. In the primary repair group 
a high clinical relevant improvement was found on the prolapse and overactive bladder 
symptoms. Women who had a recurrent repair showed moderate clinical effect of 
surgery on their overactive bladder symptoms and a high clinical relevant improvement 
on their prolapse and pain symptoms. After primary repair 13% re-operations were 
performed in contrast to the 5% re-operations in the recurrent repair group. The most 
disturbing factor is the reporting of de novo dyspareunia in 21 and 39% of sexual active 
women in respectively primary and recurrent repair.

To appreciate the present study a few limitations need to be discussed. First, to assess 
the differences in effect of primary or recurrent surgery we could have compared 
these groups directly. However, a choice between one of the two will, by default, not 
occur in practice. Therefore we decided to analyze the groups separately, so that the 
results on outcome and safety could be used reliable in counseling women about the 
expected benefit. Second, women in the primary repair group were counseled about 
the options of classical repair or mesh use and allowed to make their own choice. 
Although the counseling was similar in all cases, doctors and especially patient’s 
preference bias may have existed. This may have resulted in an active choice for the 
Avaulta® classic anterior system and may have biased outcome expectations. Third, 
almost inherent to prospective observational studies, we had a loss to follow-up. We 
personally asked all women on their previous visit to revisit the outpatient ward at 12 

Table 5. Sexual symptoms before and after surgery in primary and recurrent cystocele repair

Sexuality before surgery

Avaulta® in primary 
cystocele repair

(n=100)

Avaulta® in recurrent 
cystocele repair

(n=44)

Sexual active         65 (65%)          26 (59%)

Dyspareunia   21/71 (31%)    10/26 (35%)

Vagina too narrow to permit intercourse     9/69 (13%)    10/28 (36%)

Sexuality 12 months postoperative (n=69) (n=29)

Sexual active        53 (77%)         21 (72%)

Dyspareunia   18/49 (37%)     8/20 (40%)

Dyspareunia disappeared 4 of 14 (29%)   3 of 6 (50%)

De novo dyspareunia
               Not/slightly bothered
               Much/severly bothered

7 of 34 (21%)
    3/34 (9%)

    4/34 (12%)

5 of 13 (39%)
    4/13 (31%)
    1/13 (8%)

Vagina too narrow to permit intercourse     3/49 (6%)     2/19 (11%)

Values are numbers (%) 
n/N, n=number that responded yes on the corresponding question, N=total number of 
women that responded to the particular questionnaire.
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months and we also requested them by mail to make an appointment together with 
the request to fill in the questionnaire. The lost to follow up was similar in both groups 
and our LOCF analysis did not alter our findings. In addition the anatomical outcome 
at 12 months was comparable with results in literature6, 18, so we expect minimal bias 
of our primary outcome as a result of this lost to follow up. Finally, women scheduled 
for follow-up were generally seen by their specialist who also performed surgery. This 
may have biased the data on anatomical results. The questionnaires were assessed 
and processed independently and therefore less susceptible to bias.

The strength of our study is the use of a large, prospective multicenter cohort with a 
follow-up of 12 months, and the use of validated outcome measures like the POP-Q 
system and the UDI and IIQ. The multicenter design improves the generalisability of 
the results found. All centers are large teaching hospitals and a subanalysis showed 
no differences in results between the 4 centers (data on request available). In addition, 
we decided to express our functional outcome data in effect sizes instead of only 
p-values. Especially with increasing group sizes, the chance of finding “significant” 
differences at a p-value of < 0.05 increases. By using effect size statistics the strength 
of the relationship under study becomes more obvious, making it a helpful tool to 
determine if differences are of clinical importance.

Our anatomical outcome is comparable with previous prospective studies in which 
trocar guided transobturator synthetic mesh is used in cystocele repair.19-22 These 
studies often included heterogeneous populations without a distinction between 
primary and secondary repair with mesh. Besides this, these studies mainly focused 
on anatomical outcome, and only a few also reported functional outcome measured 
with validated questionnaires.20, 22 In our recently published randomized trial similar 
anatomical and functional improvement after one year was observed using anterior 
mesh in primary cystocele repair.9 With respect to recurrent repair, a randomized trial 
reported similar anatomical outcome in the anterior compartment, using another 
type of tension free vaginal mesh kit.8 In this study functional outcome measurements 
were not separately reported for the anterior and posterior repair. However, the overall 
improvement in symptoms, as measured with the UDI, was comparable to our results.

We demonstrated a clinically important improvement of overactive bladder symptoms 
after primary mesh use, while we only found an improvement of moderate clinical 
effect in the recurrent repair group. This observation might be explained by the 
higher prevalence of a history of hysterectomy in the recurrent repair group. The 
association between overactive bladder symptoms and hysterectomy has been 
reported previously.23, 24 

We have no clear explanation of the clinically significant improvement after 12 months 
in urinary pain symptoms and emotional functioning in the recurrent repair group. 
Maybe the disappointment about the result of their initial surgery, with recurrent 
or persisting pain symptoms, may have influenced the way these women perceive 
improvement after repeat surgery.
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The per-operative complication rate was low in both primary and recurrent repair. 
This suggests that a history of anterior colporrhaphy does not increase the risk of 
complications as compared to using mesh as primary surgery. The 5 (3%) bladder 
perforations all occurred in the first 100 procedures, so the occurrence of bladder 
lesions might be explained by the learning curve.

Another point of concern with mesh use in, especially anterior, vaginal POP surgery is 
the occurrence of de novo prolapse in the untreated compartment.25, 26 Withagen recently 
reported a de novo rectocele rate of 50% after anterior mesh repair in recurrent cystocele.26 
This is in contrast to the 9% after recurrent anterior mesh repair in our study, which can 
be explained by the high percentage (50%) of women with a history of previous posterior 
repair at baseline in our study population. Our mesh exposure rate is low in both groups 
as compared to other studies that report 10% of erosions.18 This may be explained by the 
fact that we never combine the mesh use with a hysterectomy. A hysterectomy proved to 
be an important risk factor for exposure in vaginal synthetic mesh surgery.27 In addition, 
the collagen coating on the Avaulta® mesh might protect against erosion, although the 
mechanism of action of this protection is unknown and hypothetical.28 Finally, we advise 
all our postmenopausal women to use topical estrogen which may have contributed to our 
low erosion rate.29 However, the patient’s compliance with this advice was not assessed.

Our de novo dyspareunia (21%) rates after primary repair were similar compared to 3 
recently published studies.9, 30, 31, 2 reporting on a heterogeneous population. Others 
reported lower dyspareunia and de novo dyspareunia rates (9%).20 We cannot explain 
the higher rates (39%) in recurrent anterior repair. Lower rates (8%) were described 
after recurrent prolapse vaginal mesh repair by Withagen.8 However, no distinction 
between anterior and posterior repair was made in this study. This conflicting result 
probably reflects small differences in definitions used. When we exclude the women 
with little bother de novo dyspareunia rate is lower in both groups (12% versus 8%). 
One should keep in mind that the sample size of our results about dyspareunia is 
too small to draw definite conclusions. Nevertheless, de novo dyspareunia might be 
related to the use of mesh and therefore should be addressed during counseling.

In conclusion, we observed a significant improvement in anatomical and functional 
outcome after utilizing the Avaulta® anterior mesh kit for both primary or recurrent cystocele 
repair. The expected improvement of specific symptom and quality of life domains is 
different for primary and recurrent repair. In counseling women this information could be 
used. Concerns arise regarding the occurrence of de novo dyspareunia. 
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ABSTRACT
Objective: To compare anterior colporrhaphy with a trocar-guided transobturator 
mesh procedure (Avaulta@ anterior). 

Design: Randomised, controlled trial. 

Setting: Three teaching hospitals. 

Population: Women with a symptomatic cystocele at least stage II requiring primary 
surgical correction. 

Methods: A total of 125 women were assessed at baseline and 1 year follow up. A 
sacrospinous hysteropexy and/or posterior colporrhaphy was performed when indicated. 

Main outcome measures: The primary outcome was the difference in anatomical 
cure (defined as Pelvic Organ Prolapse Quantification < stage II cystocele). Secondary 
outcomes were complications, self-reported urogenital symptom severity, and quality 
of life, as measured with validated questionnaires. 

Results: In all, 64 women were allocated to the anterior colporrhaphy group and 
61 to the mesh group. 58/64 women versus 56/61 completed 12 months follow up 
analysis. Compared with the anterior colporrhaphy group, the mesh reduced the risk 
of anatomical failure at 12 months follow up from 59 to 9% (risk reduction 50.3%, 
95% CI 35.5-65.1). Only 3 (5%) re-operations for anatomical failure in the anterior 
colporrhaphy group were performed versus 0% in the mesh group. Functional 
outcome improved significantly at 12 months on almost all domains, with similar 
results between groups. Mesh exposure occurred in two (4%) women. Baseline 
dyspareunia disappeared significantly more often after an anterior colporrhaphy 
(80%) than in the mesh group (20%). There was a trend towards more de novo 
dyspareunia in the mesh group (15% versus 9%). 

Conclusion: Primary cystocele repair with trocar-guided transobturator mesh resulted 
in a statistically significant better anatomical outcome compared with the anterior 
colporrhaphy. However, functional outcome was similar between groups. 
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INTRODUCTION
Surgery is the treatment of choice for women with symptomatic cystocele if 
conservative treatments like pelvic floor muscle exercises and vaginal pessary therapy 
have failed. An anterior colporrhaphy, in which the woman’s native tissue is used 
in the repair, has been the standard technique.1,2 However, with this technique, 
recurrences are reported in 20 to 70% of cases.3-7 

In recent years, the use of synthetic mesh to prevent cystocele recurrences has become 
increasingly popular. Initially, the synthetic mesh was interpositioned between the 
bladder and vaginal mucosa; however, more recently, trocar-guided transobturator 
synthetic mesh kits became commercially available. At the time this trial was 
designed in 2007, no randomised studies had been published comparing the anterior 
colporrhaphy with the trocar-guided transobturator mesh procedure. Observational 
studies showed the use of mesh to be anatomically effective; however, there were 
concerns about the risk of complications such as exposure of the mesh or the 
occurrence of de novo dyspareunia.8-11 Despite the lack of proper scientific evidence, 
this new transobturator mesh technique was rapidly adopted in many countries. In 
the Cochrane 2010 database review on this subject, the need for adequately powered 
randomised trials was still emphasized.12

The objective of our trial was to test the hypothesis that the 12 months anatomical 
and functional results of a trocar-guided transobturator mesh procedure in primary 
surgical cystocele repair are superior to an anterior colporrhaphy. 

METHODS

Participants
Between June 2007 and May 2009, this study was conducted at one university medical 
centre and two large teaching hospitals in the Netherlands. Women aged 40 to 80 years, 
with bothersome pelvic organ prolapse complaints, a predominant cystocele ≥ stage II 
(according to the Pelvic Organ Prolapse-Quantification [POPQ] system13), and an 
indication for surgical correction were eligible. Women of childbearing age were 
excluded if they had not completed their family or if they used inadequate birth control 
measures. Other exclusion criteria included: a history of urogynaecological surgery for 
pelvic organ prolapse or incontinence, concomitant urinary stress incontinence with an 
indication for surgical correction, a history of cancer or chronic obstructive pulmonary 
disease (COPD), recurrent lower urinary tract infections (more than three culture-
proven infections/year), maximum bladder capacity < 300 ml, and an indication for 
hysterectomy. In order to reflect daily practice as close as possible, women needing 
additional surgical repair of a middle or posterior compartment pelvic organ prolapse 
were also included. Ethical approval for this study was obtained and all women signed 
informed consent. The study was internationally registered in the Netherlands Trial 
register under trial number NTR1376 (www.trialregister.nl).
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Procedures
We set out to perform a randomised, assessor blinded, controlled trial. The mesh 
procedure included four skin incisions in the groin region that are not part of the 
anterior colporrhaphy. Assessor blinding for the allocated treatment was planned by 
bandaging of the groin before the physical examination at follow up. The woman was 
informed about the study by her gynaecologist, and after a minimal period of 1 week, 
she was contacted by a research nurse with information if she agreed to participate. For 
each center, allocation was performed 1:1 by means of a computerized randomisation 
table that was available online on the study website. For all participants the selected 
procedure was checked with the actual surgical intervention data. The randomisation 
was stratified for the need to perform a sacrospinous hysteropexy in the case of a 
concomitant uterine prolapse or vaginal vault prolapse POP-Q stage II or higher. As 
the mesh procedure includes four skin incisions, proper concealment of treatment 
could only be possible if these skin incisions were also performed in the anterior 
colporrhaphy group. This was considered to be non-ethical by both the investigators 
as well as the ethics committee. 

Interventions
Six experienced gynaecologists, each having performed more than 20 trocar-guided 
transobturator mesh procedures prior to the start of the study, performed all of the 
procedures. To ensure standardisation of the mesh technique all surgeons were 
initially trained by the principal investigator (CHV). Formally re-evaluation of this 
standardisation was not performed during the study. Although the participating 
surgeons agreed on the anterior colporrhaphy technique, individual variations in 
skills may have existed. In the anterior colporrhaphy group, a midline incision of the 
vaginal epithelium was performed, and the bladder was sharply dissected from the 
vaginal wall. In contrast to the mesh procedure, no full thickness bladder dissection 
was performed. The pubocervical fascia was plicated in the midline with absorbable 
Vicryl® 2-0 interrupted sutures (Ethicon Inc, Somerville, NJ, USA). The surplus of 
vaginal epithelium was removed, and the epithelium was closed with running 
absorbable interlocking Vicryl 2.0. For the trocar-guided transobturator mesh repair 
of the cystocele, we used the Avaulta® anterior system (BARD, Covington, LA, USA). 
At the start of surgery, hydrodissection of the anterior vaginal wall with 20-30 ml 
of saline/epinephrine (1:200 000 dilution) was performed. After midline incision of 
the vaginal epithelium, a full thickness dissection of the bladder from the vagina 
was performed. The dissection was carried forward into the paravesical space up 
to the ischial spine and tendinous arc of the levator ani muscle. The mesh was 
placed with the use of four needle passages (outside-in, through the obturator 
foramen), according to the procedural guidelines of the mesh product. The anterior 
colporrhaphy and the mesh procedure were combined with a sacrospinous 
hysteropexy and/or posterior colporrhaphy when indicated by judgement of the 
clinician. The sacrospinous hysteropexy was performed according to the technique 
described by Dietz et al.14 All women received prophylactic antibiotics according 
to the local protocol and thrombosis prophylaxis. Postmenopausal women in the 
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mesh group were all advised to use topical estrogens twice a week postoperatively. 
Although no scientific evidence exists, we believe that local estrogens may diminish 
the chance of mesh exposure.

Outcome measures:
The following data were collected: age; date of surgery; obstetric history; surgical 
history; cardiovascular -, pulmonary-, endocrine-, and neuropsychiatric- co morbidity; 
drug use; peri-and postoperative complications; stage of prolapse (POP-Q), patients 
requiring additional procedures; and symptom and quality of life scores. Exposure 
was defined when the mesh was seen or palpated in the incision line in the vagina. 
Erosion was defined as the appearance of mesh through the vaginal mucosa outside 
the incision line or into an adjacent organ.15 Urinary retention was defined as > 150 
cc urine retention. Data were collected at baseline, 6 and 12 months follow up. The 
primary outcome of our study was the difference in anatomical cure between the two 
interventions at 12 months follow up. 

The stages of the pelvic organ prolapse, including the cystocele, were assessed in the 
lithotomy position using the POPQ system. Anatomical cure was defined as having a 
stage 0 or I cystocele at 12 months follow-up. Women with a stage ≥ II cystocele were 
considered failures. Assessment was performed by the surgeon or an independent 
gynaecologist. Assessor blinding for the allocated treatment during follow up was 
planned by bandaging of the groin before the examination. All assessors were trained 
and familiar with measurement of the POPQ system.

The secondary outcome of our study was the difference in symptom severity and 
quality of life at 12 months follow-up. Since a cystocele is not only associated 
with the classical bulging symptoms but can also be associated with bladder 
filling and emptying symptoms; as a consequence a symptom questionnaire that 
measures both was used. This questionnaire, the Urogenital Distress Inventory 
(UDI), has been validated for the Dutch population and consists of five domains: 
urinary incontinence, overactive bladder, pain, obstructive micturation and pelvic 
organ prolapse. 16-17 The scores of the UDI range between 0 and 100, with higher 
scores indicating increased symptom severity. Disease-specific quality of life was 
assessed with the Incontinence Impact Questionnaire (IIQ). The IIQ measures 
the impact of urogenital symptoms on quality of life in 5 domains: physical 
functioning, mobility, social functioning, embarrassment and emotional health. 
The score of the IIQ ranges between 0 and 100, with higher scores indicating 
a lower quality of life. In addition to the UDI and IIQ, two questions about 
dyspareunia were collected: “Do you have sexual contact with your partner?“ and 
”Do you experience pain during sexual intercourse?“

The recurrence rate after an anterior colporrhaphy (POPQ ≥ stage II) ranges 
between 20-70%.4-6 At our institute a 38% recurrence rate at one year has 
been reported.7 Recurrence rates after synthetic mesh surgery in the anterior 
compartment ranges between 3 and 13%.18,19 Our sample size calculation was 
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based on this literature. We expected an anatomical failure rate at 1 year follow 
up of 35% in the anterior colporrhaphy group and 10% in the mesh group. To 
detect this difference, at a significance level of 0.05 and with a power of 0.80, 
50 women had to be allocated to each group. With an estimated drop-out of 
15%, a total of 115 women had to be randomized. During the inclusion period 
we decided to prolong the follow up to 5 years. With an estimated drop-out of 
25% at 5 years, we had to increase the sample size to 125. The Ethics committee 
approved this amendment to the protocol.

Data analyses

All analyses were performed according to the intention-to-treat principle. Data were 
collected in a web-based database and imported in the statistical SPSS-program 
(SPSS, version 16;SPSS Inc., Chigago, IL, USA). First, descriptive analyses of baseline 
characteristics of patients in both groups were performed, using mean and standard 
deviations for parameters with a normal distribution and median and interquartile 
ranges for parameters with skewed distributions. Second, both baseline characteristics 
and outcome between treatment groups were compared using unpaired Student’s 
t-test for normally distributed data, Mann-Whitney U-test for data with a skewed 
distribution, and Fisher’s exact test for proportions. Analysis of the primary outcome 
included calculation of relative risks with confidence intervals, with the anterior 
colporrhaphy group as reference. Absolute risk reduction and numbers needed to 
treat (NNT) were calculated when appropriate. 

For the primary outcome, two extra scenarios were added to the analyses to 
assess the potential effect of missing POP-Q stage data. First, the missing values 
at 12 months follow up were replaced with the last observation (6 months data) 
carried forward (LOCF). Second, a worst-case scenario was used in which all 
women with lacking POP-Q scores at 12 months were scored as having a stage ≥ 
II prolapse in all compartments. 

RESULTS

Patients
During the study period, 312 women were eligible and 125 were randomized. Figure 1 
shows the flow of the participants through the trial. After randomization and before 
surgery, four women withdrew from further participation. At 12 months, anatomical 
data were complete for 114 women, and functional data were complete for 110 
women. Non-responders to the questionnaire were contacted by telephone. None 
of them reported to have had a re-operation or hospital visit elsewhere. All reported 
having no new complaints. Baseline participant characteristics and prolapse staging 
are presented in Table 1. Except for the use of anti-depressive drugs in the mesh 
group (p=0.03), no statistically significant differences in baseline characteristics were 
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found (data on request). The distribution of POPQ stages between both groups was 
similar, with a majority of women having a stage III cystocele. During the study period 
all surgeons adhered to the protocol. Because of a reduction in financial support to 
the study, the use of independent research nurses for the planned assessor blinding 
procedure had to be interrupted during the conduction of the study. Instead, the 
majority of women were seen during follow up by their own gynaecologist who was 
aware of the procedure performed. 

 Figure 1. Flow of participants through the trial

312 women eligible

12 months 
 follow up

baseline

Received trocar guided 

transobturator mesh (n=59) 

POPQ (n=59) 

Questionnaires (n=58)

187 refused participation, 

preferred one of the operations 

or were not asked to participate 

125 randomised

Allocated to trocar guided 

transobturator mesh (n=61) 

Allocated to colporrhaphy 

anterior (n=64) 

1 no anatomical follow up 

(too much bother) 

4 did not return questionnaires 

(too much bother) 

Analysed

POPQ (n=56) 

Questionnaires (n=55)

6 no anatomical follow up 

(too much bother) 

7 did not return questionnaires 

(too much bother) 

 Analysed 

POPQ (n=58) 

Questionnaires (n=55) 

Received colphorraphy 

anterior (n=62)  

POP Q (n=62) 

Questionnaires (n=61)

1 excluded after 

randomisation because of 

need for TVT operation  

1 withdrew consent before 

surgery (too much bother)

1 no surgery because pessary 

treatment was sufficient 

1 withdrew consent before 

surgery (too much bother)
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Anatomical outcome
In Table 2, the anatomical outcome after 12 months according to treatment group is 
shown. Compared with the anterior colporrhaphy group, the mesh procedure reduced 
the risk of anatomical failure (cystocele ≥ stage II) at 12 months follow up from 59 to 9% 
(risk reduction 50.3%, 95% CI 35.5-65.1). The number needed to treat with the trocar-
guided transobturator mesh to prevent one anatomical failure was 2 (95% CI, 1.5-2.8). 
However, only three women (5%) with anatomical failure in the anterior compartment 
after anterior colporrhaphy were scheduled for repeat surgery. Hence, the use of mesh 
resulted in an absolute risk reduction of needing repeat cystocele surgery of 5.4% (95% 
CI, -0.5 – 11.3), with a corresponding number needed to treat of 19.

A de novo rectocele ≥ stage II at 12 months follow up was diagnosed in ten women 
(23%) in the mesh group and five women (10%) in the anterior colporrhaphy group 
(p=0.16). In the mesh group, two women with a de novo rectocele had surgery, as 
compared to one in the anterior colporrhaphy group. One woman in the colporrhaphy 
group received a pessary because of a stage II uterine prolapse.

In Table 2, the effects of the two scenarios, based on missing values (last observation 
carried forward and worst case scenario), are shown. No statistically significant effect 
on the initial outcome was found.

Finally, we observed that approximately half of the study population needed a sacrospinous 
hysteropexy for middle compartment prolapse. This might have influenced anatomical 

Table 1: Demographic and clinical characteristics according to surgical treatment groups

Characteristic

Trocar-guided 
transobturator mesh 

(n=59)

Anterior  
colporrhaphy 

(n=62)

Age (years), mean (SD) 60  (± 9.1) 59 (± 8.6)

Parity (number), mean (SD) 2.4 (± 0.9) 2.7 (± 1.9)

Body mass index (kg/m2), mean (SD) 24  (± 2.9) 24  (± 3.6)

Preoperative POPQ staging
Cystocele    < stage II   0 (0)   0 (0)

       stage II 15 (25) 14 (23)

       stage III 44 (75) 48 (77)

Uterine/vaginal vault prolapse < stage II 30 (51) 31 (50)

    ≥ stage II 29 (49) 31 (50)

Rectocele    < stage II 43 (73) 49 (79)

    ≥ stage II 16 (27) 14 (21)

Combined procedures    
   Sacrospinous hysteropexy 27 (46) 34 (55)  

   Posterior colporrhaphy   4 (7)   3 (5)

   Perineal correction   3 (4)   4 (7)

Values are numbers (percentages) unless otherwise stated.
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outcome per treatment group. For each treatment group, we performed a separate analysis, 
comparing anatomical and functional outcome for women with or without a sacrospinous 
hysteropexy. No statistical differences were observed (data on request).

Table 2. Twelve month anatomical outcome according to surgical treatment group and different 
analysis strategies

Anatomical outcome 

Trocar-guided 
transobturator 

mesh

Anterior 
colporrhaphy 

  

Primary analysis (complete follow-up) (n=58) (n=56) RR (95% CI)
Cystocele < stage II 53 (91%) 23 (41%)* 0.15 (0.06-0.35)

   stage II   5 (9%) 26 (46%)

   stage III     7 (13%)

Uterine/vaginal vault prolapse < stage II 57 (98%) 54 (96%) 0.48 (0.05-5.18)

≥ stage II   1 (2%)   2 (4%)

Rectocele < stage II 42 (72%) 48 (86%) 1.93 (0.90-4.15)

≥ stage II 16 (28%)   8 (14%)

Last outcome carried forward (n=59) (n=62)
Cystocele < stage II 54 (92%) 28 (45%)* 0.16 (0.07-0.37)

≥ stage II   5 (8%) 34 (55%)

Uterine/vaginal vault prolapse < stage II 58 (98%) 60 (97%) 0.53 (0.05-5.64)

≥ stage II   1 (2%)   2 (3%)

Rectocele < stage II 43 (73%) 52 (84%) 1.68 (0.83-3.40)

≥ stage II 16 (27%) 10 (16%)

Worst-case scenario (n=59) (n=62)
Cystocele < stage II 53 (90%)  23 (37%)* 0.16 (0.07-0.35)

≥ stage II   6 (10%) 39 (63%)

Uterine/vaginal vault prolapse < stage II 57 (97%) 54 (87%) 0.26 (0.06-1.19)

≥ stage II   2 (3%)   8 (13%)

Rectocele < stage II 42 (71%) 48 (77%) 1.28 (0.69-2.35)

≥ stage II 17 (29%) 14(23%)

Values are numbers and relative risks (95% Confidence Intervals) with the anterior 
colporrhaphy as reference group 
*P-value< 0.001

Functional outcome
In Table 3, the median domain scores of the UDI and IIQ are shown before and 
at 12 months after surgery according to treatment group. Both groups showed a 
statistically significant improvement on all UDI domains (P > 0.001), except for the 
urinary incontinence domain in the mesh group (p=0.37). All IIQ domain scores 
were significantly improved at 12 months after surgery (P > 0.001), except for the 
embarrassment domain in the anterior colporrhaphy group (P=0.11). 
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Two individual questions of the UDI relate specifically to the feeling or actually seeing 
of a vaginal bulge. Feeling a vaginal bulge was reported by 9% of women in each 
group after 12 months. Actually seeing a vaginal bulge was reported by 11% in the 
mesh group vs 7% in the colporrhaphy group (not significant).

Of the women who responded to the questions about sexual functioning, the majority 
in both groups were sexually active, 32 out of the 50 women (64%) in the mesh 
group and 31 out of 48 women (65%) in the anterior colporrhaphy group (P=1.00). 
Twenty sexually active women in the mesh group (40%) and twenty-one women in 
the anterior colporrhaphy group (43%) had no dyspareunia before surgery. De novo 
dyspareunia at 12 months follow up occurred in 3/20 (15%) women in the mesh 
group and 2/21 (9%) women in the anterior colporrhaphy group (p = 0.66). In total, 
15 (24%) women pre-operatively suffered from dyspareunia. This complaint resolved 
significantly more frequent after anterior colporrhaphy: after 12 months, in one out 
of five women in the mesh group, dyspareunia disappeared compared to eight out of 
ten women in the colporrhaphy group (P=0.018)

Table 3. Domain scores of the UDI and IIQ before and after surgery according to surgical treatment group

Before surgery 12 months after surgery

Trocar-guided 
transobturator 
mesh (n=58)

Anterior 
colporrhaphy 

(n=61) 

Trocar-guided 
transobturator 
mesh (n=55)

Anterior 
colporrhaphy 

(n=55) 

UDI domains
Genital prolapse 67 (33-67) 67 (33-67)   0 (0-0) 0 (0-0)

Overactive bladder 22 (11-44) 22 (0-44)   0 (0-11) 0 (0-22)

Urinary Incontinence 17 (0-33)* 17 (0-33) 17 (0-33)* 0 (0-17)

Obstructive micturation 17 (0-33) 17 (0-33)   0 (0-0) 0 (0-0)

Discomfort/pain 33 (0-50) 17 (0-50)   0 (0-17) 0 (0-17)

IIQ domains
Emotional functioning 11 (0-33) 11 (0-22)   0 (0-11) 0 (0-11)

Physical functioning 17 (0-33)   8 (0-33)   0 (0-4) 0 (0-0)

Mobility 22 (11-33) 22 (0-33) 11 (0-22) 0 (0-11)

Social functioning 11 (0-22) 11 (0-22)   0 (0-0) 0 (0-6)

Embarrassment   0 (0-17)   0 (0-17)*   0 (0-0) 0 (0-0)*

P-value for difference between groups using Mann-Whitney U-test. Data presented as 
median (p25-p75). All differences between baseline and 12-month data were statistical 
significant (t-test) at P < 0.05 except for those marked with an *
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Operative results and complications
Comparative surgical and perioperative data for both treatment groups are shown in 
Table 4. The majority of women received spinal anaesthesia (62%). Average operating 
time was seven minutes longer for the mesh procedure (P=0.02). One woman in the 
anterior colporrhaphy group and two women in the mesh group had tension-free 
vaginal tape procedures for stress incontinence performed during the follow-up period.

Within 12 months of surgery, two women had an exposure of the mesh. Both were 
successfully treated: one with local excision in the outpatient clinic and one surgically 
in the operating room. No erosions were observed. As shown in Table 4, overall re-
operation rate was similar between both groups.

Table 4. Surgical procedures and complications

 

Trocar-guided 
transobturator mesh

Anterior  
colporrhaphy

(n=59) (n=62)

Anaesthesia    
   Total 23 (39%) 23 (37%)

   Locoregional 36 (61%) 39 (63%)

Surgery time, minute (range) 48 (25-90)* 41 (20-80)*

Estimated blood loss, ml (range) 77 (5-400) 69 (5-800)

Duration of admission (days)   3 (± 1.1)   3 (± 1.1)

Duration of catheter (days)   2 (± 1.2)   2 (± 0.9)

Urinary retention (cc) 89 (± 93) 81 (± 121)

Postoperative complications during admission

   Retention bladder 12 (20%)   7 (12%)

   Buttock haematoma   1 (2%)   0 (0%)

12 months (n=58) (n=56)

Mesh exposure   2 (4%)   -

Re-operation   6 (11%)   4 (7%)

       Tension-free vaginal tape   2 (4%)   1 (2%)

       Anterior mesh   0   3 (5%)

       Posterior mesh   2 (4%)   0 

       Posterior colporhaphy   0   1 (2%)

       Laparoscopic colpopexy   1 (2%)   0 

       Mesh exposure   1 (2%)   -

De novo dyspareunia
Cure of dyspareunia

  3/20 (15%)
   1/5 (20%)*

  2/21 (9%)
    8/10 (80%)*

Values are means (SD) or numbers (percentages)
All P-values calculated with independent t-test or Fisher exactest
*P <0.05
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DISCUSSION

Principal findings
In this multicentre randomised trial, we compared the anatomical and functional 
outcome of an anterior colporrhaphy with a trocar-guided transobturator mesh for 
primary cystocele repair. At 12 months follow up, anatomical cure was favoured 
by the trocar-guided transobturator mesh technique, showing an absolute risk 
reduction of 50.3 % for recurrent cystocele stage II or III. However, the use of mesh 
showed an absolute risk reduction of only 5% in the need for surgery for a recurrent 
symptomatic cystocele. Both groups showed an equal significant functional 
improvement and pre-and post-operative complications. Women with pre-existing 
dyspareunia were significantly more likely to have their dyspareunia resolved after 
an anterior colporrhaphy.

Explanation of results
Based on our primary outcome, e.g. anatomical cure, trocar-guided transobturator 
mesh surgery as primary repair for symptomatic cystocele stage ≥ 2, is to be 
recommended. However, most women with an anatomical failure lack symptoms, 
and likewise do not feel the need for a surgical correction of what gynaecologists 
consider failure of treatment (i.e. anatomical recurrence). Recently, in a National 
Institutes of Health public access paper, Barber and co-workers 20 evaluated different 
definitions of surgical success in relation to the trial participants’ own assessment of 
improvement and rating of success. They concluded: “the absence of vaginal bulge 
symptoms postoperatively has a significant relationship with a patient’s assessment 
of overall improvement, while anatomic success alone does not.” Based on their 
results, they recommend adding the absence of bulge symptoms and absence of 
re-treatment to anatomical criteria to define success. When applying these criteria 
to our data, the number needed to treat with trocar-guided transobturator mesh to 
prevent one failure (re-operation) is 19. In addition, the focus in surgical intervention 
studies shifts towards a functional outcome instead of an anatomical outcome.20,21 
When applying this principal to our data there is no support for the use of mesh in 
primary cystocele repair. 

In our study, the exposure rate of mesh after surgery was low (4%) as compared to 
the 5-20% reported in other studies.22-28 This may be explained by the fact that we 
did not combine the use of mesh with a hysterectomy28, and/or the collagen coating 
on the Avaulta® mesh, which might protect against exposure or erosion although the 
mechanism of action of this protection is unknown and hypothetical.29

Comparison with other studies
The high anatomical cure rate of synthetic mesh use in cystocele surgery in our series 
is comparable to that in the literature.30 Most of the studies are prospective follow-up 
studies,31-34 with only a limited number of randomized controlled trials comparing the 
use of anterior polypropylene mesh with anterior colporrhaphy.22-24,27
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These randomised controlled trials differ from our study with respect to the use of 
interpositioning of the mesh instead of our transobturator fixation,23,24,27 the use 
of a mixed population of women with both primary and repeated cystocele repair 
instead of only primary cases,22,27 the use of non-validated symptom and quality of 
life questionnaires,27 and the use of a mixed population of cystocele and rectocele 
repairs.24 Sivaslioglu et al.23 studied primary repair but used a self-tailored mesh. In 
addition, women with a posterior compartment prolapse were excluded from their 
study. We decided not to exclude women with a combined pelvic organ prolapse 
because this reflects our daily practise. Carey and co-workers included only women 
with a combined cystocele and rectocele and used a mesh in both compartments.24 
Nguyen and Burchette22 reported on the use of a transobturator mesh, but it was 
not stated whether all surgical procedures were primary repairs. The authors found 
similar anatomical and functional results as we did at 1 year follow-up.

With a shifting definition of successful pelvic organ prolapse surgery towards a more 
patient-centered functional goal, complications like exposure and dyspareunia related 
to new techniques become increasingly important. The de novo dyspareunia rate in 
our study was slightly higher in the mesh group: 15% versus 9%. These results are 
comparable with other studies. Carey et al.24 reported de novo dyspareunia in 16.7% in 
the mesh group and 15.2% in the no mesh group. The rates of de novo dyspareunia in 
the study by Nguyen and Burchette22 were 9% in the mesh group and 16% in the no 
mesh group. This finding is opposite of ours, but was also non-significant. Although 
the issue of de novo dyspareunia related to mesh surgery has raised concern, data 
from randomised controlled trials do not support this. De novo dyspareunia seems 
to be related to pelvic organ prolapse surgery in general35, not limited to the use of 
mesh, and is dependent on many additional factors.36

The significant higher cure rate of dyspareunia in the colporrhaphy group compared 
with the mesh group is an interesting finding, especially because postmenopausal 
women in the mesh group were advised to use topical estrogens and women in the 
anterior colporrhaphy group were not. However these results should be interpreted 
with caution because of the low number of women involved.

Another issue associated with the use of transobturator mesh for cystocele 
repair is the risk of the occurrence of a de novo symptomatic rectocele. A recent 
observational study37 showed a high rate of de novo prolapse (46%) in the unaffected 
compartment, especially after anterior mesh repair. Although we recorded a trend 
towards a higher risk of rectocele stage II or higher in the mesh group (22% versus 
11%), this difference was non-significant. 

Strengths and weaknesses
The major strength of our study is the multicentre, randomised trial design, which 
enhances the generalisability of our findings. Second, in daily practice, cystoceles 
are often accompanied by a prolapse of the apical or posterior vaginal compartment. 
By including these women in our study, we tried to reflect daily practice as much 

61



4

as possible. By stratification and randomisation for repair of an apical prolapse, we 
ensured an equal distribution of the sacrospinous hysteropexy in both groups. We 
focused on women without prior prolapse surgery. Most other studies focus on the 
use of synthetic mesh in case of surgery for a recurrent cystocele. If a transobturator 
mesh as a primary procedure proves to be superior to an anterior colporrhaphy, the 
reduction in numbers of repeat surgery is beneficial from a patients’ perspective as well 
as from an economic standpoint. Finally, we used validated internationally recognised 
outcome measures; this makes our study reproducible in other populations.16,17 The 
major weakness of our study is the absence of assessment blinding at follow up. 
Approximately 60% of women were seen during follow up visits by the specialist who 
also performed surgery. This may have introduced observation bias of the anatomical 
outcome, but not the functional outcome. The latter was assessed with self-
administered questionnaires that were entered into the database by a research nurse. 
Another limitation is our follow up time. Although one-year follow-up is common 
when reporting on outcome in these kinds of study, it is too short to draw definite 
conclusions on the recurrence and re-operation rate. A recent study showed that the 
majority of the recurrences occurred within the first year after surgery, which might 
indicate that a 1-year follow up would be sufficient.24 Nevertheless, a 5-year follow 
up of our population has been planned. Finally, selection bias might have existed. 
Women who refused to participate in the study were offered an anterior colporrhaphy. 
Therefore, women could have chosen to participate in the study because they wanted 
to have the chance of getting mesh as primary treatment.

CONCLUSION
From a woman’s perspective, the use of trocar-guided transobturator mesh in primary 
cystocele repair does not result in better functional outcome or a significant reduction 
in repeat surgery for symptomatic cystocele recurrence. Based on this perspective, the 
superior anatomical outcome at 1-year follow-up does not justify its use in primary 
cystocele repair. Only long-term follow up will show if anatomical superiority persists 
and translates itself into less recurrences needing repeat surgery and better functional 
outcome. On the other hand, possible long-term complications of mesh, like erosion 
or dyspareunia, may limit its use. 
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ABSTRACT
Introduction: In pelvic organ prolapse (POP) repair the use of synthetic mesh is not only 
increasing, but also a subject of discussion. The focus shifts from anatomical toward 
functional outcome, with sexual function being an important parameter. One of the 
concerns with mesh usage in POP surgery is the possible negative effect on sexual function. 

Aim: To compare and assess sexual function in women and men after primary 
cystocele repair with or without trocar-guided transobturator mesh.

Methods: One hundred twenty-five women with a symptomatic cystocele stage ≥ II 
were included in this multicenter randomized controlled trial and assessed at baseline 
and 6-month follow-up.

Main outcome measures: Female sexual function was measured by the Female 
Sexual Function Index (FSFI) and male sexual function by the Male Sexual Health 
Questionnaire. A subgroup analysis of women with a participating partner was 
performed.

Results: In the mesh group 54/59 women vs. 53/62 in the anterior colporrhaphy group 
participated. In men, 29 vs. 30 participated. After surgery, FSFI scores were comparable 
for both treatment groups. However, within group analysis showed significant 
improvement on the domains pain (effect size = 0.5), lubrication (effect size = 0.4) and 
overall satisfaction (effect size = 0.5) in the colporrhaphy group. This improvement was 
not observed in the mesh group. A subgroup of women with a participating partner 
reported significantly higher baseline domain scores as compared with other women 
and did not report a significant improvement of sexual functioning irrespective of 
treatment allocation. Worsening of baseline sexual function was reported by 43% 
of women in the mesh group compared with 18% in anterior colporrhaphy group 
(p = 0.05). Male sexual functioning did not change in either group.

Conclusions: Women after an anterior colporrhaphy report a significant and clinically 
relevant improvement of their sexual functioning, whereas women after a mesh 
procedure did not.
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INTRODUCTION
Pelvic organ prolapse (POP) is a common condition in adult women, with an estimated 
prevalence of 15% for a stage III prolapse as measured with the Pelvic Organ Prolapse 
Quantification System (POP-Q). 1, 2 In the evaluation of surgical treatment of symptomatic 
POP the focus shifts from anatomical outcome towards functional outcome.3 Besides 
aspects like bladder and bowel function, sexual function is recognized as an important 
functional outcome parameter. This increasingly has become subject of discussion 
with the introduction of mesh implants in surgery. Epidemiological studies have 
shown that a POP is associated with sexual dysfunction.4-6 Although one may expect 
an improvement of sexual function after surgical treatment of POP, data so far are 
inconclusive both for native tissue repairs as well as mesh implant surgery.7-12 This 
may be related to a lack of standardisation on how sexual function is measured, the 
use of different questionnaires, and/or differences in study population. As it takes two 
to tango, the focus in outcome research of POP surgery should also focus on male 
sexual function. Unfortunately, this aspect has not been addressed yet. We performed 
a multi-center randomized trial comparing an anterior trocar-guided transobturator 
mesh kit with an anterior colporrhaphy as primary repair of a symptomatic cystocele 
with the anatomical result as the primary outcome.13 As secondary outcome we 
compared and assessed the effects of the anterior mesh vs. an anterior colporrhaphy 
on sexual function in women and if present, their male partners. 

Aims:
The aim of this study was to compare and assess sexual function in women and men 
after primary cystocele repair with or without a trocar-guided transobturator mesh kit.

METHODS
Between June 2007 and May 2009 a multi-center randomized controlled, assessor 
blinded, trial comparing anatomical and functional outcome between mesh and 
classical anterior colporrhaphy in the treatment of a symptomatic cystocele was 
conducted in 3 large teaching hospitals. Women, 40-80 years of age, with a POP-Q 
cystocele ≥ stage II and an indication for surgical correction were asked to participate 
in the study. Women of childbearing age were excluded if they had not completed 
their family or if they used inadequate birth control measures. Other exclusion criteria 
were: history of surgery for POP or urinary incontinence, stress urinary incontinence 
with an indication for surgical correction, history of cancer or COPD, recurrent lower 
urinary tract infections (> 3 culture proven infections/year), maximum bladder 
capacity < 300 ml and an indication for uterus removal other than descensus uteri. In 
order to reflect daily practice as close as possible, women needing additional surgical 
repair of a middle or posterior compartment prolapse were also included. 

If present, male partners were asked to participate in the part of the protocol related 
to sexual function. Ethical approval for this study was obtained from the Medical ethic 
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committees of the 3 participating hospitals. The study was internationally registered 
in the Netherlands Trial register under trial number NTR1376 www.trialregister.nl. 
Follow-up is scheduled for a period of 5 years.

Surgical procedure
Experienced gynaecologists from the three participating hospitals performed all 
procedures. In order to ensure standardisation of the mesh technique, all surgeons 
were initially trained by the principal investigator (CHV). Formal re-evaluation of 
this standardisation was not performed during the study. Although the participating 
surgeons agreed on the anterior colporrhaphy technique, individual variations in 
skills may have existed. For the mesh repair we used the Avaulta® anterior system 
(BARD, Covington, KY, USA). In the mesh group hydrodissection with 20-30 ml of a 
saline/epinephrine (1:200.000) solution was performed. After full thickness dissection 
of the vagina from the bladder, the paravesical space was entered and the mesh is 
placed between the bladder and the vagina with the use of four needle passages, 
outside-in, through the obturator foramen, according to the procedural guidelines of 
the Avaulta© anterior product (BARD). 

In the anterior colporrhaphy group, the vaginal epithelium was opened in the 
midline and the bladder is sharply dissected from the vaginal epithelium (not full 
thickness). The connective tissue from the pubocervical fascia was plicated in the 
midline with absorbable Vicryl© 2-0 interrupted sutures (Ethicon Inc, Somerville, 
NJ, USA). The surplus of vaginal epithelium was removed and the epithelium closed 
with running absorbable interlocking Vicryl© 2-0 (Ethicon Inc). The mesh repair 
and anterior colporrhaphy were combined with a sacrospinous hysteropexy and/or 
posterior colporrhaphy when indicated by judgement of the clinician. The posterior 
colporrhaphy was performed by using native tissue. The vaginal epithelium was 
opened in the midline and the rectum dissected from the vaginal epithelium. The 
pararectal connective tissue was plicated in the midline with absorbable Vicryl© 2-0 
interrupted sutures. (Ethicon Inc, Somerville, NJ, USA). The surplus of vaginal 
epithelium was removed and the epithelium closed with running absorbable 
interlocking Vicryl© 2-0. All women received perioperative antibiotic and thrombosis 
prophylaxis. Postmenopausal women in the mesh group were all advised to use 
topical estrogens twice a week postoperatively. Although no scientific evidence exists, 
we believe that local estrogens may diminish the chance of mesh exposure.

Main outcome measures:
Female and male sexual function were assessed at baseline and 6 months 
postoperatively. The following data were collected at baseline: age, date of surgery, 
obstetric history, surgical history, cardiovascular -, pulmonary-, endocrine-, and 
neuropsychiatric- co morbidity, drug use, stage of prolapse (POP-Q), if additional 
procedures were performed, and disease-specific symptom and quality of life scores. 

Women and men who responded to be engaged in sexual activities, solo or with a 
partner, pre- and post –operatively during follow up period were defined as being 
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sexually active. Sexual function in women was assessed with the Female Sexual 
Function Index at baseline, 3- and 6- months follow-up. The FSFI is an international 
validated questionnaire that is widely used to assess sexual function.14 It is composed 
of 19 questions and 6 domains: desire, arousal, lubrication, orgasm, satisfaction and 
pain. A Dutch version is available and has been validated.15 The FSFI total score ranges 
between 2 and 36, with a higher score indicating better sexual function. Male partners 
were asked to complete the Male Sexual Health Questionnaire (MSHQ) at baseline 
and 6 months after surgery. The MSHQ consists of 4 domains: erection, ejaculation, 
satisfaction and desire, resulting in scores ranging from 0 to 5-35, differing per 
domain, with a higher score indicating a better sexual function.16 The MSHQ is also 
validated for the Dutch population.17 FSFI and MSHQ domain scores were calculated 
according to the guidelines. Women and their partners were not instructed to blind 
their results to their partners.

Mesh-related complications were recorded and translated into the most recent 
terminology proposed by the International Urogynaecological Association (IUGA)/
International Continence Society (ICS ) joint terminology and classification committee.18

Sample size and randomization procedure
Female and male sexual function were secondary outcome measures in our trial and 
therefore not subject for our primary sample size calculation. Our sample size was 
calculated on the primary endpoint of the study, which was anatomical cure, defined 
as a cystocele < stage II. A total of 125 women had to be randomized. Details about 
the sample size, assessor blinding and randomization are available through www.
trialregister.nl, NTR1376 and our recent published study.13

For each center, allocation was performed 1:1 by means of a computerized randomization 
table that was available online on the study website. For all participants the selected 
procedure was checked with the actual surgical intervention data. The randomization 
was stratified for the need to perform a sacrospinous hysteropexy in the case of a 
concomitant uterine prolapse or vaginal vault prolapse POP-Q stage II or higher. 

As the mesh procedure includes 4 skin incisions, proper concealment of treatment 
could only be possible if these skin incisions were also performed in the anterior 
colporrhaphy group. This was considered to be nonethical by both the investigators 
as well as the ethics committee.

Data analyses
All analyses were performed according to the intention-to-treat principle. Data were 
collected in a web-based database and imported in the statistical SPSS-program 
(SPSS, version 18, SPSS Inc., Chigago, IL, USA). First, descriptive analyses of baseline 
characteristics of patients in both groups were performed, using mean and standard 
deviations for parameters with a normal distribution and median and interquartile 
ranges for skewed distributions. Second, both baseline characteristics and outcome 
between treatment groups were compared using the unpaired Student’s t-test for 
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normally distributed data, the Mann-Whitney U- test for data with a skewed distribution, 
and the Fisher’s exact test for proportions. Outcome within groups (pre-and post 
treatment) were compared with paired sample t tests. In order to obtain information on 
the potential clinical relevance of our findings effect sizes were calculated according to 
the principles by Cohen.19 An effect size of 0.3 was considered as small and not clinically 
relevant, 0.5 as medium and > 0.8 as high. The between and within group analyses on 
the FSFI were also performed separately in a subgroup of women with a participating 
partner. In addition to comparing the interval domain scores we were interested in how 
many women worsened/improved or remained unchanged in their sexual function. 
In order to analyse this we divided the change in FSFI domain and total scores after 
treatment into 2 groups. A delta score < 0 was defined as worsening and a score ≥ 0 was 
defined as equal or improvement of FSFI score. For the female sexual outcome, an extra 
scenario was added to the analyses to assess the potential effect of missing data. In 
case a woman did not return the FSFI questionnaire at 6 months, the FSFI scores were 
replaced with the last observation (3 months data) carried forward (LOCF). 

RESULTS 

Patients
We included 125 women in this study. Four women were excluded after randomization; 
one for receiving tension-free vaginal tape (TVT) surgery, one choose conservative 
treatment with a pessary and two withdrew consent because they considered in 
hindsight that participation was too much of a bother. This resulted in 121 women; 59 
were randomized for the trocar-guided transobturator mesh and 62 women allocated to 
the anterior colporrhaphy (Figure 1). All received the intended treatment. One hundred 
and seven women returned the baseline FSFI questionnaire: 54/59 in the mesh group 
and 53/62 in the anterior colporrhaphy group. In both groups, nine women did not 
have a male partner. In the mesh group 29/45 (65%) men compared to 30/44 (68%) 
men in the colporrhaphy group decided to participate in the study and returned the 
MSHQ questionnaire. At baseline no statistical significant differences were found in 
both treatment groups as shown in Table 1 (p>0.05, full data on request).

Female sexual function
At 6-month follow-up 47/54 women in the mesh group and 49/53 in the anterior 
colporrhaphy group returned the FSFI questionnaire. In Table 2, the baseline FSFI 
domain scores are shown for the subgroup of women with or without having 
a participating male partner. Women with participating male partners reported 
statistical significant better baseline FSFI domain scores in all domains except for the 
desire domain in the anterior mesh group.

When comparing the change in sexual function between both intervention groups 
at 6-month follow-up, no statistical significant differences in mean scores on the 
FSFI domains and the FSFI total score were observed. This is true not only for the 
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Figure 1. Flow of participants through the trial.

125 randomised

4 excluded after randomisation

121 underwent surgery

Anterior mesh allocation and 

surgery (n=59)

312 women eligible

187 refused participation, 

preferred one of the 

operations or were not asked 

to participate

Anterior colporrhaphy allocation 

and surgery (n=62)

n=54 returned FSFI  

(n=5 did not return or fill in FSFI)

n=29 returned MSHQ

(n=9 no partner,

n=16 refused participation or 

suffered sexual dysfunction)

n=53 returned FSFI  

(n=9 did not return or fill in FSFI)

n=30 returned MSHQ

(n=9 no partner,  

n=14 refused participation or  

suffered sexual dysfunction)

n=47 returned FSFI  

(n=7 did not fill in FSFI)

n=29 returned MSHQ 

n=49 returned FSFI

(n=4 did not fill in FSFI) 

n=22 returned MSHQ

(n=1 cardiovascular incident,  

n=7 too much bother)

FSFI=Female Sexual Function Index; MSHQ= Male Sexual Health Questionnaire.

baseline

Follow up 
6 months
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whole study population but also for the subgroup of women with a participating 
male partner. In Table 3, the mean changes in FSFI scores before and 6 months after 
surgery are shown for the whole study population and for the subgroup. In addition 
to the comparison between the two intervention groups, a within group analysis was 
performed. In the mesh group, no significant changes in mean FSFI domain scores 
were found after surgery. In the anterior colporrhaphy group, almost all FSFI domain 
scores improved significantly, with moderate clinical relevance in the satisfaction and 

Table 1. Baseline characteristics with baseline FSFI and MSHQ domain scores according to treatment group

Anterior mesh 
(n=54)

Anterior 
colporrhaphy  

(n=53)

Age (years) 60 (9.4) 59 (8.3)

Age male partner (N/N=29/30) 59 (10.5) 60 (7.9)

BMI (kg/m2) 25.2 (2.9) 24.7 (3.1)

Parity 2.5 (0.9) 2.6 (1.1)

FSFI preoperative (n=54) N* (n=53) N*

Desire 2.53 (0.92) 48 2.73 (1.10) 49

Arousal 2.38 (2.01) 54 2.67 (2.17) 52

Lubrication 2.59 (2.70) 53 2.56 (2.58) 52

Orgasm 2.39 (2.54) 53 2.59 (2.55) 53

Satisfaction 2.94 (2.19) 53 3.04 (2.24) 53

Pain 2.39 (2.74) 53 2.30 (2.59) 53

Total 16.70 (11.85) 47 16.22 (12.34) 49

MSHQ preoperative (n=29) (n=30)

Erection 10.68 (4.12) 28 10.80 (3.82) 30

Erection bother 4.43 (0.74) 28 4.46 (0.84) 28

Ejaculation 30.38 (2.69) 21 30.65 (3.21) 23

Ejaculation bother 4.54 (0.65) 26 4.48 (0.94) 27

Satisfaction 25.38 (5.27) 29 24.32 (5.86) 28

Preoperative POPQ (n=54) (n=53)

Prolapse stage at baseline ≥ stage II
-anterior compartment# 
-middle compartment#

-posterior compartment#

54 (100)
27 (50)
15 (28)

53 (100)
27 (51)
11 (21)

Combined surgery performed 
-SSF 
-posterior colporrhaphy
-perineal correction

27 (50)
4 (7)
2 (4)

30 (57)
1 (2)
0 (0)

Values are means (standard deviations), unless stated otherwise
*Number of participants that answered all questions concerning this particular 
domain;#numbers are percentages
BMI=body mass index; FSFI = Female Sexual Function Index; MSHQ = Male Sexual Health 
Questionnare; POP-Q = Pelvic Organ Prolapse Quantification; SSF = sacrsopinous ligament fixation
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Table 2. Baseline FSFI domain scores according to treatment group in women with and without 
participating male partner

FSFI  
preoperative 

Anterior mesh Anterior colporrhaphy

With  
participating 

partner (n=29)

Without 
participating 

partner (n=25)

With  
participating 

partner (n=30)

Without 
participating 

partner (n=23)

Desire 2.63 (0.91) 2.37 (0.93) 3.08 (0.87) 2.18 (1.22)*

Arousal 3.12 (1.93) 1.52 (1.79)* 3.46 (1.88) 1.58 (2.11)*

Lubrication 3.57(2.53) 3.57 (2.53)* 3.58 (2.28) 1.16 (2.35)*

Orgasm 3.30 (2.40) 1.30 (2.29)* 3.80 (2.19) 1.01 (2.10)*

Satisfaction 4.01 (2.04) 1.63 (1.59)* 4.05 (1.93) 1.72 (1.94)*

Pain 3.61 (2.73) 0.92 (1.95)* 3.37 (2.48) 0.90 (2.04)*

Total 20.25 (11.66) 10.98 (10.01)* 21.35 (10.40) 8.13 (10.92)*

Baseline FSFI scores were similar between groups. Values are mean FSFI scores (standard 
deviations)
*P < 0.05 compared with women with participating partner
FSFI = Female Sexual Function Index

pain domain (effect size =0.5). The last observation carried forward analysis did not 
alter our findings (data on request). 

Women with a participating male partner, irrespective of their treatment allocation, 
did not report significant improvement in FSFI domains except for the pain domain in 
the anterior colporrhaphy group. 

To facilitate patient counselling, the risk of worsening of symptoms was plotted in 
Figure 2. Overall, 42 percent of women in the mesh group as compared with 19% in 
the anterior colporrhaphy group had a lower overall FSFI score after surgery (p=0.05).

Male sexual function
At 6 months 29/29 men in the mesh group and 22/30 in the anterior colporrhaphy 
group returned the MSHQ questionnaire. One man had a cardiovascular incident during 
follow up and 7 found it too much bother to fill in the questionnaires. Similar MSHQ 
domain scores were observed at baseline (Table 1). In Table 4, the mean changes in 
MSHQ domain scores before and at 6 months within and between groups are presented. 
No differences between groups were observed, except for a borderline significant 
difference in the MSHQ ejaculation bother domain in favor of the mesh group. Within-
group analysis showed a borderline significant improvement of the erection score in 
the mesh group; other domains remained equal.

Anatomical outcome 
At 6-month follow-up, a statistical significant better anatomical cure in the anterior 
compartment for the mesh group was observed (p<0.0001) as compared with the 
anterior colporrhaphy (Table 5). Most recurrent cystoceles consisted of stage II 
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P-values between both intervention groups. FSFI = Female Sexual Function Index.

Table 4. Mean change in MSHQ domain scores before and after surgery*

Delta  
anterior 

mesh

P-value 
within 
group§

Delta  
anterior 

colporrhaphy

P-value 
within 
group§

P-value 
between 
groups¶

MSHQ domains (†/‡) (n=29) (n=22)

Erection(26/22) 0.81 (1.96) 0.055 0.36 (2.42) 0.720 0.16

Erection bother(27/20) 0.04 (0.52) 0.705 0.00 (0.46) 1.000 0.79

Ejaculation (21/16) 0.43 (2.36) 0.687 0.00 (1.79) 0.852 0.72

Ejaculation bother(26/21) 0.15 (0.54) 0.157 -0.19 (0.60) 0.157 0.05

Satisfaction (27/21) -0.44 (2.34) 0.403 0.33 (2.15) 0.553 0.19

*Values are mean differences after-before surgery (standard deviations)
†Number of subjects of the total of 29 in the anterior mesh group that answered all questions 
concerning this particular domain.
‡Number of subjects of the total of 22 in anterior colporrhaphy group that answered all 
questions concerning this particular domain.
§Mann-Whitney U-test related samples
¶Mann-Whitney U-test unrelated samples
MSHQ = Male Sexual Health Questionnaire

Figure 2. Percentage of women with lower FSFI domain scores at 6-months follow-up as compared 
with baseline 
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anterior compartment prolapse with only two (4%) stage III cystoceles in the anterior 
colporrhaphy group. In the middle and posterior vaginal compartment no significant 
differences between groups were found. 

Complications
In one woman a ≤ 1-cm vaginal exposure was observed at 6-month follow-up, 
classified according to the IUGA/ICS Joint terminology as 2Bc-T3-S1.This exposure was 
successfully treated surgically in daycare.

Table 5. Anatomical outcome after 6-month follow-up

Anterior mesh Anterior colporrhaphy

Prolapse ≥ stage II† (n=47) (n=48)

-anterior compartment   3 (6%)* 24 (50%)*

-middle compartment   2 (4%)   2 (4%)

-posterior compartment 10 (21%)   7 (15%)

Values are numbers (percentages)
*p<0.0001
†Fisher’s exact test

DISCUSSION
In this multicenter randomized trial, we compare sexual function in women and their 
male partners before and after trocar-guided transobturator mesh or an anterior 
colporrhaphy in primary surgery for a symptomatic cystocele. Our intention-to-treat 
analysis showed no differences in sexual function between the two groups after 
surgery. However, within-group analysis showed no significant improvements on the 
FSFI domain scores in the mesh group, which was in sharp contrast to the statistical 
significant improvement of sexual function in nearly all FSFI domains in the anterior 
colporrhaphy group. However, this within group effect was not shown in the subgroup 
of women with a participating male partner. In men, we observed a trend towards a 
better erection score in the mesh group compared to baseline.

Strenghts and weaknesses
To appreciate our findings, a few potential drawbacks need to be discussed. First, 
this study was not powered to detect differences in sexual function, as this was our 
secondary outcome. This may have obscured the possible detection of differences 
between the two groups. However, we detected significant improvement in sexual 
function in those women who underwent anterior colporrhaphy. Second, our follow-up 
time of 6 months is relatively short but for evaluating sexual function after surgery 
the use of this time span is supported by literature.8, 9, 20 Nevertheless, mesh–related 
complications, like erosion or exposure, may occur later and negatively affect sexual 
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function. On the other hand, in the anterior colporrhaphy group the asymptomatic 
recurrent cystoceles may progress over time, and also affect sexual function. In order 
to account for the effect of this limited follow-up time a 5-year follow-up is scheduled. 
Third, a generic questionnaire to measure sexual function (FSFI) was used instead 
of a condition-specific questionnaire like the pelvic organ prolapse (POP)/urinary 
incontinence sexual questionnaire (PISQ).21 This may have obscured changes in sexual 
function that are specifically related to the POP. At the present time no consensus exists 
about which questionnaire to use. An advantage of using the FSFI questionnaire is its 
construct into several domains and the possibility to use it in women without having a 
sexual partner. The PISQ-12 only provides an overall score. By focussing on specific FSFI 
domains, we were able to identify that relevant improvement (effect size ≥ 0.5) after 
anterior colporrhaphy surgery can be expected to occur in pain and overall satisfaction. 
This information enhances the detail in which women can be counselled. Fourth, local 
estrogen was not routinely used in the colporrhaphy group as it was in the mesh 
group. This could have introduced a potential bias. However, the effect of estrogen 
on sexual function is still controversial. If we assume that there is a positive effect of 
local estrogens, then the results of our mesh group may even have been worse. Fifth, 
the nonblinding of the participating women for the surgery might have influenced 
their expectations on the outcome. This is a potential source of bias which we cannot 
account for. Finally, the potential report bias while answering the questionnaires at 
home (female and male discussing the items) could have occurred. Strengths of this 
study include the multicenter prospective randomized control design, using validated 
questionnaires for measuring female and male sexual function, restriction of our 
study population to women having a primary repair, exclusion of women needing 
surgery for urinary incontinence and the high response rate in women. However, the 
lower response rate of male partners that agreed to participate may have limited the 
accuracy of our findings.

Comparison with other studies
Several reports have suggested that pelvic floor disorders are related to sexual 
dysfunction, although aspects like older age, postmenopausal status and body image 
may be important confounders.22, 23 Studies on the impact of surgery for POP and/or 
urinary incontinence on sexual function show conflicting results.24, 25 This can be 
partly explained by factors like different population characteristics, different types of 
interventions or the use of different outcome measurements. 

First, several prospective observational studies using the FSFI as measure for sexual 
function after nonmesh vaginal POP surgery found significant improvement in 
different domains.20, 26-28 One study described improvement on almost all domains, 
except for pain, which significantly deteriorated.26 This study included young women 
(mean age 36) with primary anterior and/or posterior repair. The different population, 
performance of levator ani sutures in posterior repairs and the shorter follow up time 
(3-4 months) might explain this difference in outcome on the pain domain compared 
with our results. Kuhn et al. found improvement in all domains, with nonsignificant 
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improvement in the orgasm domain.27 In contrast to our study, only sexually active 
women with a partner, receiving both primary and secondary repair, were included. 
This might explain the significant improvement in the desire domain, which was not 
found in our population. The recent study by Brandner et al. reported improvement 
in desire, pain and satisfaction after rectocele repair.28 Again a different population 
including only sexually active women with a partner, receiving both primary and 
secondary repair were included. In contrast, Pauls et al. observed no changes in 
sexual outcome (all domains) after classical vaginal prolapse surgery (with or without 
incontinence surgery).20 These authors attributed the lack of overall changes in sexual 
function to the exchange of one sexual problem for another. Preoperatively women 
reported a high degree of bother secondary to vaginal bulging symptoms, whereas 
postoperatively this bother was eliminated and replaced by pain.

Second, with respect to the use of mesh in vaginal prolapse repair, only one 
observational study used the FSFI to assess sexual function. 7 At 6-month follow-up, 
an improvement in all domain scores was found, which only reached significance 
after 24 months. In this study, pain scores were temporarily worse after 3 months 
and improved after 6 months. However, this study included women who had 
mixed population (stress incontinence, anterior and posterior mesh, and a younger 
population (51 years)) and therefore the outcome is not comparable with ours.

Third, six randomized controlled studies, with a similar design to our study, comparing 
vaginal POP surgery with and without polypropylene mesh, have been published.29-34

Only three reported sexual outcome with a validated questionnaire, namely, the  
PISQ-12.29, 33-35 These studies report a comparable outcome in sexual function between 
the mesh and nonmesh group, which is in line with our findings. Within group 
analysis showed non significant changes in two studies, which is in contrast to the 
significant improvement we observed in several domains in the nonmesh group. 29,34 
This difference may be explained by the inclusion of a mixed population of primary 
and secondary repairs in contrast to our primary repairs only. In addition, the use of 
the total score of the PISQ does not allow detection of effects on different aspects of 
sexual function. For instance, improvement in lubrication score may be neutralized 
by simultaneously deterioration of one of the other aspects of sexual function. Milani 
and co-workers, using the PISQ-12, reported an improvement in sexual function after 
native tissue repair but no change after mesh surgery that was similar to ours.35 

Few data on male sexuality after prolapse repair of their partners exists. Recently, 
Kuhn et al. studied male sexual function in relation to POP surgery of their female 
partners.27 They showed improvement in male interest, sexual drive and overall 
satisfaction, but not on erection, ejaculatory function and orgasm. Because the use 
of different questionnaires and different study populations we cannot compare their 
results to our data. To our knowledge, this is the first randomized controlled trial in 
which male sexual function is evaluated in a standardised fashion and was shown not 
to be affected by the cystocele repair of their partner.
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Interpretation/Explanation of results
One of the major concerns with the use of mesh is pain related to sexual activity. Six 
months after surgery, a borderline significant difference was found between groups 
on the pain and lubrication domain in favor of the colporrhaphy group. 

However, within group analysis showed that in the mesh group a high percentage of 
women experienced worsening on their pain, lubrication and overall sexual function. 
This may be caused by a decrease in stress shielding of the underlying vaginal wall 
after implantation of a mesh, which in turn may result in an atrophic stiff vagina and 
less lubrication.36 In addition, the phenomenom of shrinkage and stiffening of the 
mesh is described in literature37 and may result in a less pliable vagina which may be 
associated with pain symptoms during sexual activity.

The low exposure rate we found may be associated with the use of topical estrogens in 
the mesh group. In general, estrogens will have a positive effect on vascularization and 
lubrication of the vagina in postmenopausal women. Since our study was not aimed on 
studying the effect of local estrogens we cannot speculate on its effect on sexuality. If any, 
it was not enough to improve sexual function in the mesh group to a significant level. 

Women whose partner participated in the study showed, irrespective of their allocation 
group, nonsignificant improvement in the FSFI domains, except for the pain domain 
in the anterior colporrhaphy group. We hypothesize that the fact that a couple is 
willing to participate together in recording sexual activity reflects a balanced sexual 
relationship. The significantly higher baseline FSFI domain scores in these women 
may support this hypothesis. However, we have to keep in mind that our study was 
not adequately powered to make definite conclusions about this subgroup. 

We have no proper explanation for the borderline significant difference in ejaculation 
bother domain and improvement in erection score in male in the mesh group. Maybe 
the fact that in most women in the mesh group no vaginal bulge can be seen or felt is 
reassuring for the partner. However, we did not ask the men this particular question so it 
is purely speculative. Another possible explanation for the better erectile function in men 
of women who had a transobturator mesh procedure could be related to more vaginal 
tightening after mesh placement as compared to anterior colphorrhapy. This effect of vaginal 
tightening has been postulated in a recent study by Goodman et al. on sexual function in 
men and women after genital plastic/cosmetic surgery.38 However, the expectations with 
respect to sexual outcome may be different in a population having surgery for cosmetic 
reasons as compared to the functional prolapse complaints in our population.

CONCLUSIONS
In direct comparison, we did not find a statistical significant difference in sexual 
function after a primary cystocele repair between an anterior colporrhaphy and the 
mesh. However, women after an anterior colporrhaphy can be counselled to expect 
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a clinical relevant improvement of their sexual function, especially a reduction in 
pain, increase in lubrication and an improvement of their overall sexual satisfaction. 
Women who received a mesh repair have to be counselled that, in general, surgery 
will not significantly change their sexual function, but a considerable proportion will 
experience less lubrication, and more pain. There appears to be a subgroup of women 
with a high satisfaction about their sexual function before surgery. These women are 
less likely to experience benefits from either types of surgery as compared to other 
women. Male partners are not likely to experience a difference in their own sexual 
function after their partners’ surgery, irrespective of the technique used.
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ABSTRACT
Objective: To analyze the cost-effectiveness of two treatment strategies for primary 
cystocele repair, by performing a cost-utility analysis.

Design: Multicentre randomised controlled trial, comparing trocar-guided transobturator 
mesh with anterior colporrhaphy.

Setting: Three teaching hospitals

Population: Women with primary symptomatic cystocele stage ≥ II

Methods: Economic analysis of 125 women (anterior mesh n=61, anterior colporrhaphy 
n= 64) from a societal perspective, including all relevant costs over a 2 year time 
horizon. Utility was measured with EQ5D.

Main Outcome Measures: Incremental cost-utility was compared between both 
interventions.

Results: Direct costs were significantly higher in the anterior mesh group, mainly driven 
by the costs of the mesh kit itself. Treatment with anterior mesh was associated with 
higher incremental costs (611 Euros) and a negligible difference in QALY’s (-0.0002), 
leading to a cost acceptability probability of 0.8% that the anterior mesh is cost-effective.

Conclusions: Anterior colporrhaphy is a less expensive option to the health service 
compared with trocar-guided anterior mesh repair, including the costs of repeat procedures 
and associated complications. The similar quality of life observed makes the anterior 
colporrhaphy the intervention of choice in the surgical treatment of primary cystocele.
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INTRODUCTION
Pelvic organ prolapse (POP) is a common problem and seen in up to 50% of parous 
women.1 The lifetime risk for prolapse surgery is 11% in women before age 80.2 
Because of high anatomical recurrence risks in traditional prolapse repairs the use 
of mesh has become increasingly popular in the treatment of POP.3, 4 Observational 
studies reported a high anatomical cure rate with mesh usage in POP surgery. The 
randomised trials available at present have reported better anatomical, but similar 
functional outcome with mesh usage compared to traditional repair at 1-year follow 
up.5-11 Apart from anatomical and functional outcome, costs should be considered 
in the choice for mesh repair. A cost-effectiveness analysis provides important 
information to make a rational decision regarding mesh use in health service practice. 

In our recently published randomised trial the second outcome of interest was the 
cost-effectiveness of mesh use for cystocele as compared to conventional surgery.10 
The aim of this study is to analyse the incremental cost-utility of mesh versus 
conventional repair.

METHODS

Study design and population
This prospective multicentre randomised controlled trial has been conducted in the 
Netherlands in 3 teaching hospitals. A detailed description of the study has been 
provided elsewhere.10 

In short, women between the age of 40-80 years requiring vaginal surgery for an anterior 
or posterior wall prolapse at stage II or higher according to the pelvic-organ-prolapse 
quantification (POP-Q)12 were included between June 2007 and May 2009. Exclusion 
criteria were childbearing age with an incomplete family or usage of inadequate birth 
control measures, a history of urogynaecological surgery for pelvic organ prolapse 
or urinary incontinence, concomitant urinary stress incontinence with an indication 
for surgical correction, a history of cancer or chronic obstructive pulmonary disease 
(COPD), recurrent lower urinary tract infections (more than 3 culture-proven infections/
year), maximum bladder capacity < 300 ml, and an indication for hysterectomy. After 
written informed consent was obtained computerised randomisation was carried 
out, assigning women 1:1 to either an anterior trocar-guided transobturator mesh 
(Avaulta® anterior) or an anterior colporrhaphy. This computerised randomisation 
table was available online for all participating centers. The gynaecologist informed the 
participating women about the selected procedure. An extensive description of the 
study procedures and surgical interventions is available in our earlier publication.10 
Similar postoperative instructions about restrictions and resumption of activities 
were given to all women.
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The study was powered to detect a 25% difference in anatomical cure defined as < stage 
II cystocele at 24-month follow up. Written informed consent was obtained from all 
women. The study was internationally registered in the Netherlands Trial register under 
trial number NTR 1376 (www.trialregister.nl) and approved by the local ethics committees.

Economic evaluation

Design
An incremental cost-utility analysis from a societal perspective was conducted 
alongside our randomised clinical trial, using two cost categories:

1. Direct medical costs, including treatment by gynaecologists, general practitioner, 
and physiotherapists as well as cost of medication, laboratory tests, and additional 
medical procedures.

2. Indirect medical costs including costs resulting from productivity losses due to 
absence from work for patient and caregiver, costs for hired help at home, travel 
costs incurred by the patient, and out of pocket medication costs. 

Assessment of resource use
All participating women were asked to keep a diary, beginning one day before surgery, 
with daily entries for the first week after surgery, and weekly entries until six weeks 
postoperative. This diary contained questionnaires about painkiller use and time to 
resume daily activities and work.

Completed diaries and case record forms (CRF’s) completed at the 3, 6, 12 and 24 
month postoperative visits and completed questionnaires were used to collect the 
information on additional surgical procedures, complications, re-hospitalisations, 
hours lost from work, and number of outpatient visits to their gynaecologist as well 
their general practitioner since hospital discharge. Details on all treatments received 
were collected for the entire follow up period. 

Direct costs
Surgery, hospital stay and resource use (surgery time, in-hospital painkiller use, 
additional investigations, duration of catheter and intravenous drip, admission time, 
and complications) during the first week after surgery were collected separately 
to analyse differences between groups. These costs were all included in the DBC 
(‘Diagnose Behandel Combinatie’), according to the Dutch system. The DBC is a lump 
sum tariff based on average surgery and post surgical treatment costs. This tariff 
was equal for both treatments, but varies between hospitals. A mean value for all 
four hospitals was calculated for each DBC. Four DBC tariffs were used: 1, Anterior 
repair with sacrospinous hysteropexy in daycare (2716 Euros); 2, Anterior repair with 
sacrospinous hysteropexy with overnight stays (5844 Euros); 3, Anterior repair without 
sacrospinous hysteropexy in daycare (2626 Euros); and 4, Anterior repair without 
sacrospinous hysteropexy with overnight stays (5282 Euros). An additional posterior 
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repair was included in the DBC tariffs. The use of mesh was calculated as a separate 
cost of 837,74 Euros (list price Avaulta anterior, Bard, Covington, LA, USA) to account 
for the extra cost incurred by the hospital, independent of the DBC tariff.

Other direct medical costs were calculated by multiplying the unit costs with the 
volume of each resource use using the standard Dutch prices according to the Dutch 
guideline (handleiding kostenonderzoek, CVZ versie 2011, www.cvz.nl). Prices are 
shown in the appendix and are available on request. All prices were in Euros, based 
on prices in 2011, or prices in 2010 indexed by 2.5%. Medication costs were retrieved 
from the Dutch tariffs [Dutch Farmaco Therapeutisch Kompas (www.fk.cvz.nl)].

Indirect medical costs
The patient diary was used to collect data on costs of additional home care (paid as 
well as unpaid), out of pocket medication use, and hours lost from work by the patient. 

Travel costs were calculated using data from extra visits to the hospital, general 
practitioner, and/or the physiotherapist. Again, unit costs were multiplied with the 
volume of each resource use using standard Dutch prices according to the Dutch 
guidelines (handleiding kostenonderzoek, CVZ versie 2011, www.cvz.nl). Details of 
unit prices are shown in the appendix. 

Assessment of utility
The health outcomes at different time points were measured with the EQ5D health 
questionnaire13 at baseline, 6 weeks, 3, 6, 12, and 24 months. This questionnaire is a generic 
instrument to measure health status according to 5 dimensions: mobility, self care, usual 
activities, pain/discomfort and anxiety/depression. From these dimensions a utility value 
was calculated according to the Dutch tariff. Scores range between – 0.3 (valued as worst 
perceived health) and 1 (valued as perfect health. Quality adjusted life years (QALY’s) were 
calculated by calculating a weighted average of the utilities measured at each timepoint 
until 24 months of follow up. Missing utilities at the last assessment were analysed as last 
observation carried forward. 

Incremental cost-utility
The differences in total costs and utility for the 2-year period were calculated and 
compared to calculate the incremental costs per QALY gained. Uncertainty was 
evaluated using standard bootstrap techniques (1.000 replicates). The incremental 
costs and effects were depicted in a cost effectiveness analysis (CEA) plane. The 
resulting ‘scatter plot’ provides information directly interpretable as the probability of 
one intervention being cost-effective compared to the alternative. Neither costs nor 
effects were discounted, as most costs were incurred during the first six months, and 
the time horizon of the analyses was limited to two years.

Statistical Analysis
Data was analysed using the SPSS version 18.0 (SPSS Inc., Chigago, IL, USA). Study 
outcomes were analysed according to the original treatment assigned (intention to treat). 
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For comparison of continuous variables between groups the independent t-test was 
used. Differences for categorical data were compared with Fisher’s exact test. P-values 
< 0.05 were regarded as significant.

RESULTS
Women were enrolled between June 2007 and May 2009. One hundred twenty-one 
women were randomized; 59 were allocated to the trocar-guided anterior mesh group and 
62 were allocated to the anterior colporrhaphy group. The study flow diagram is presented 
in Figure 1. Women were designated as non-responding, if they considered it too much 
of a bother to attend the post-operative visits and/or to respond to the questionnaires. As 
shown in the flow chart, the response rate to the questionnaires and EQ5D at 24 months 
was significantly lower in the anterior colporrhaphy group (n=47 and 46), compared to the 
anterior mesh group (n=52 and 52) (p=0.02). However, there were no observed differences 
between the groups in terms of number of follow up visits at 24 months. All women who 
did not attend their follow up visit were contacted by phone and asked whether they 
visited a physician elsewhere. None of them visited a physician due to prolapse related 
symptoms, and there were no re-operations performed.

Baseline characteristics, intra- and postoperative conditions for both groups are shown 
in Table 1. The two groups were similar, except for the 7 minutes longer mean surgery 
time in the anterior mesh group. Hospital painkiller use, duration of intravenous drips 
and additional investigations were similar between groups (data not shown). Intra-and 
direct postoperative complications were similar, as published elsewhere.10

Costs 
The main resource elements with their mean costs according to intervention group are 
shown in Table 2. Resource use and costs were similar between groups, except for the 
costs of the mesh. At 24 months, the overall costs were 999 Euros higher in the mesh 
group. This difference reflects the significant higher direct cost in the mesh group versus 
the colporrhaphy group at 6 months (p<0.001) (Table 3). These costs included the costs of 
the mesh kit. Between 6 and 24 months all costs remained the same in both groups.

Utility outcomes
Mean EQ5D utility scores at various timepoints according to intervention group are 
visualized in Figure 2. At the different timepoints, values were similar between groups 
(p>0.2). In both groups a significant improvement in EQ5D score at 24 months was 
measured compared to baseline: 0.10 in the mesh group (p<0.0001) and 0.07 in the 
colporrhaphy group (p=0.02).

Cost-utility
The weighted average in utility at 24 months was comparable in both groups, with a 
very small mean difference in QALY of -0.00020 (anterior mesh-anterior colporrhaphy).
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Figure 1. Flow diagram of inclusion and follow up
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Table 1. Baseline and clinical characteristics according to intervention group

Baseline characteristics
Anterior mesh 

(n=59)
Anterior colporrhaphy  

(n=62)

Age (years)* 60 (± 9.1) 59 (± 8.6) 

Parity (number)* 2.4 (± 0.9) 2.7 (± 1.9)

Body mass index (kg/m2)* 24 (± 2.9) 24 (± 3.6)

Paid employment 22 (37) 19 (31)

Intra- and postoperative items
Combined procedures
-sacrospinous hysteropexy
-posterior colporrhaphy
-perineal correction

27
  4
  3

(46)
(7)
(4)

34
  3
  4

(55)
(5)
(7)

Anaesthesia 
-total
-locoregional

23
26

(39)
(61)

23
39

(37)
(63)

Surgery time, minute (range) 48 (25-90)* 41 (20-80)*

Duration of admission (days)   3 (± 1.1)   3 (± 1.1)

Duration of catheter (days)   2 (± 1.2)   2 (± 0.9)

Urinary retention (cc)* 89 (93) 81 (121)

Results expressed as mean (±SD) or number (%)
*p<0.05

The cost effectiveness plane illustrates that there is no dominance in effectiveness for 
one of the treatments facing the higher costs in anterior mesh group (Figure 3). The 
average difference of 611 Euros (95% CI -423 to 1793 Euros) in costs and a negligible 
difference in QALY’s (0.0002, 95% CI -0.07 to 0.07) resulted in a cost acceptability 
probability of 1.3% that the anterior mesh is cheaper. Given the Dutch threshold to pay 
80.000 euro for an extra QALY, the probability that the incremental cost-utility of the 
anterior mesh procedure over anterior colporrhaphy is below this threshold was 35%. 

DISCUSSION
In this multicentre randomised controlled trial, we performed an incremental cost-
utility analysis of transobturator mesh versus an anterior colporrhaphy in primary 
cystocele repair. Based on this economic evaluation we conclude that the trocar-
guided transobturator mesh results in overall higher costs of 999 Euros per woman, 
while no significant gain (0.0002) in utility is observed over a period of 2 years. This 
difference is almost entirely determinated by the cost of the mesh.

Certain choices made in the study design and analysis have to be accounted for. First, 
by using the standardized Dutch lump sum (DBC) for calculating costs of the treatment, 
the additional costs of a seven minute longer operating time in the mesh group 
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Table 2. Mean resource costs at 24-month according to intervention group

Anterior mesh 
(n=59)

Anterior colporrhaphy 
(n=62)

Direct medical costs
Lump sum for
-primary surgery
-secondary surgery

5441 (592)
  724 (2341)

5376 (863)
  571 (2180)

Avaulta® mesh   838       0

Visit to hospital     16 (43)       9 (33)

Visit to general practicioner (GP)     17 (27)     14 (32)

Visit to Physiotherapist (PT)     14 (80)       5 (35)

Insured medication cost used at home       4 (29)       1 (4)

Extra medical treatment for surgical related complaints     16 (110)     54 (383)

Specialist help at home     18 (57)     20 (63)

Indirect medical costs
Travel to hospital    0.6 (1.4)    0.4 (1.1)

Travel to GP    0.2 (0.4)    0.2 (0.5)

Travel to PT    0.5 (2.1)    0.1 (0.8)

Days lost from work patient   362 (1501)   399 (1561)

Extra help at home     21 (30)     22 (31)

Painkillers at home    0.3 (0.3)    0.3 (0.3)

Overall costs 7472 (3016) 6474 (2839)

Values are mean costs in Euros (standard deviation)
p>0.05

Table 3. Costs per intervention group at 6 and 24-month follow up

Anterior mesh 
(n=59)

Anterior colporrhaphy 
(n=62) p-value

Mean difference 
mesh-colporrhaphy

Direct costs
-6 months
-6-24 months

Overall direct costs#

6601 (1761)
  487 (1496)

7088 (2427)

5540 (1210) 
  509 (1846)

6050 (2246)

 
p<0.001 

0.94

p<0.05 1038

Indirect costs
-6 months
-6-24 months

Overall indirect costs#

 
   241 (834)
   143 (800)

  384 (1503)

  418 (1563)
      6 (34)

  424 (1576)

0.44
0.18

0.89 -40

Total costs
-6 months
-6-24 months

Overall costs#

6842 (2018)
  630 (1813)

7472 (3016)

5957 (2204)
  515 (1845)

6474  (2839)

p<0.05
0.73

0.06  999

Values are mean cost in Euros (SD). # at 24 months follow up
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Utility was similar between groups at the different time points. Utility at 24 months was 0.93 
versus 0.91 in the mesh and colporrhaphy group, respectively. Within each group, a significant 
improvement in utility was observed between baseline and 24-month follow up. 

Cost- effectiveness plane for utility
Interpretation: Points represent the incremental cost per QALY for each of the 1000 replicates of 
the study in the bootstrap procedure. The 2 quadrants on the right of the Y-axis represent the 
replications where the anterior mesh is more effective then the anterior colporrhaphy. Points 
above the X axis represent higher costs of the anterior mesh versus the anterior colporrhaphy .
NW quadrant: represents 50.2% with anterior colporrhaphy being cost effective compared to 
anterior mesh
SE quadrant represents 0.83% with anterior mesh being cost effective compared to anterior 
colporrhaphy. 

Figure 2. Mean utility according to time point and treatment group

Figure 3. CEA plane of the incremental costs per QALY of anterior mesh over anterior colporrhaphy 
(n=1000 bootstrap replications) 
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was not accounted for. However, including these costs would only slightly increase 
the difference in costs between the two groups. Second, this economic evaluation 
represents the costs of the Dutch Healthcare system. This implicates that our results 
cannot unconditionally be generalized to other countries. However, our finding that 
resource use, indirect costs and re-operations are similar between groups, and that 
treatment with mesh is associated with additional costs in terms of longer surgery 
time and the costs of the mesh kit itself are not country specific. Another limitation 
is that our follow up time does not go beyond 24 months. A longer follow up time 
might show differences in costs since the significantly higher anatomic recurrence 
rate in the colporrhaphy group reported10 may lead to a rise in re-operation rate at a 
longer follow up time. On the other hand re-operations in the mesh group because 
of mesh exposure or de novo prolapse in the untreated compartment may also lead 
to increased costs. Therefore, we decided to continue follow up for 5 years. Finally, 
the EQ5D questionnaire, although validated and widely used, may not be sensitive 
enough to detect changes in utility for this specific population. Both groups displayed 
high utility scores at baseline, with possible ceiling effect. Nevertheless, a significant 
improvement in utility was demonstrated in both groups. One of the strengths of this 
study is it’s design: a multicentre randomised controlled trial. Other strengths are a 
high response rate and the inclusion of re-operation costs during follow up.

We identified three previous reports on cost effectiveness in prolapse repair.14-16 In 
one study, the cost-effectiveness was measured in anterior prolapse repair.16 In this 
study the cost-effectiveness of anterior colporrhaphy (AC), and a mesh kit in anterior 
vaginal prolapse repair were compared by building a decision analysis model. Based 
on weighted averages of a meta analysis the authors assumed a 12% recurrence rate 
and a 12% extrusion rate in the mesh repair group as opposed to a 30% recurrence 
rate in the AC group. The mesh kit did not prove to be cost effective due to the high 
cost of the mesh kit itself. These findings are in line with our results, although a major 
difference is the fact that this study was based on evidence-based assumptions and 
our study on prospective data of our trial results.

CONCLUSION
Based on the present incremental cost-utility analysis an anterior colporrhaphy 
is the intervention of choice in the surgical treatment of primary cystocele. From 
a clinical perspective we previously demonstrated that functional outcome did not 
differ between groups at 12-month follow up.10 Therefore, both studies support the 
decision not to use an anterior mesh kit as primary cystocele treatment. However, long 
term follow up is necessary to learn about the consequences of the high number of 
anatomical recurrences in the colporrhaphy group, in comparison with the potential 
need for re-operations in the mesh group, both from a functional as well as cost-
effectiveness point of view.
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APPENDIX
Prices used in cost analysis

Direct medical costs Prices per unit Calculation

Lump sum for primary surgery 
Daycare: 
- Anterior repair with 
sacrospinous hysteropexy

- Anterior repair without 
sacrospinous hysteropexy

Overnight stays: 
- Anterior repair with 
sacrospinous hysteropexy

- Anterior repair without 
sacrospinous hysteropexy

 
Lump sum for secondary surgery* 
 
-exposure removal 
-Tension-free vaginal tape 
-anterior mesh 
- anterior mesh + sacrospinous  
hysteropexy

-posterior mesh 
-laparoscopic sacropexy 
-posterior repair 
- Manchester Fothergill uterus 
suspension

 
 
€2761 (DBC code 702) 
 
€2626 (DBC code 602) 
 
 
€5844 (DBC code 703) 
 
€5282 (DBC code 603) 
 
 
 
 
€2626 (DBC code 602) 
€2626/€5282 (DBC code 602/3) 
€5282 (DBC code 603) 
€5844 (DBC code 703)
 
€5282 (DBC code 603) 
€5844 (DBC code 703) 
€5282 (DBC code 603) 
€5282 (DBC code 603)

 
Primary + secondary 
surgery lump sum for 
each patient

Avaulta mesh €837.74

Hospital stay Not included for first week, as 
days in hospital are included 
in lump sums of primary and 
secondary surgical procedures 
and equal in both groups

Visit to teaching hospital1

Per visit: €132.23 

Visit to general practitioner1

Normal visit 
Home visiit

€28.70 
€44.08

Physiotherapist1

Per session
 
€36.90

Pelvic floor physiotherapy 
treatment calculated as 
7.5 sessions

Insured medication costs at home 
until 6 weeks postoperative2

diclofenac 50 mg tablet 
ciproxin 500 mg tablet 
metronidazol 
arthrotec 
movicox 
arcoxia 
tramadol 
norfloxacine 
nitrofurantoine

€0.28 
€0.12 
€0.19 
€0.30 
€0.10 
€0.86 
€0.03 
€0.25 
€0.13

continued on the next page
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Extra medical treatment for 
surgical related complaints

Various costs, available on 
request

Specialist help at home1

alpha help per hour 
home care per hour

 
€24.60 
€35.88

Indirect medical costs
Travel to hospital1

Per kilometer (km)
 
€0.20

Average distance 7 km 
X2 per visit

Travel to general practitioner1

Per kilometer
 
€0.20

Average distance 1.1 km 
X2 per visit

Travel to Physiotherapist1

Per kilometer
 
€0.20

Average distance 2.2 km 
X2 per visit

Hours lost from work patient1

Dependent on age and sex: 
age 40-45
age 45-50
age 50-55
age 55-60
age 60-65

 
 
€29.79
€29.63
€29,98
€30.23
€29.38

One working day: 7.5 
hours and/or working 
week 36 hours

Extra help at home1

Per hour
 
€12.81

Non insured painkiller 
(paracetamol) use at home2

paracetamol 500 mg tablet 
paracetamol 1000 mg 
suppositories

 
€0.03 
€0.25

*(mean of all participating hospitals)
1Handleiding kostenonderzoek, CVZ, versie 2011, www.cvz.nl. Available from URL:
 http://www.cvz.nl/binaries/live/cvzinternet/hst_content/nl/documenten/rubriek+zorgpakker/
cfh/richtlijnen+farmaco-economisch+onderzoek.pdf
2Farmacotherapeutisch Kompas. www.fk.cvz.nl. Available from URL: www.fk.cvz.nl

Direct medical costs Prices per unit Calculation

101





7GENERAL DISCUSSION  
AND FUTURE PERSPECTIVES



7

GENERAL DISCUSSION 
The introduction of mesh was thought to be the solution for the high recurrence rates 
in pelvic organ prolapse surgery. The subsequent rapid introduction of mesh into 
practice, without proper evidence to support these new techniques, was the basis for 
this thesis. In this thesis, the risks and benefits of a vaginal polypropylene mesh kit 
with collagen coating in, (mainly) anterior, vaginal prolapse repair are studied.

First objective: Safety in terms of preoperative handling and 
infection
The first question we asked was related to the safety of polypropylene mesh in vaginal 
POP surgery. Risks of infection and erosion are concerns with polypropylene mesh 
use in both general surgery (hernia repair) and vaginal POP surgery.1-3 The ideal mesh 
is not available yet, but a type I synthetic mesh demonstrates the best properties 
of lowering infection and erosion risks in animal studies.4 Host tissue is one of the 
factors influencing tissue repair. Furthermore, abdominal hernia surgery is performed 
under sterile conditions whereas vaginal surgery is bacterial contaminated surgery. In 
incontinence surgery the use of tension free type I polypropylene tapes has shown a low 
infection and erosion risk.5-7 However, in vaginal POP surgery, a larger mesh is in contact 
with the vagina compared to abdominal POP procedures and midurethral slings. Since 
the vagina is a contaminated area, the risk of infection might be associated to the way 
intraoperative sterility procedures are performed. The first objective of this thesis was to 
assess the safety of vaginal polypropylene mesh kits in terms of peri-operative handling 
and risk of infection. In a prospective observational study, intraoperative bacterial 
contamination of polypropylene mesh and signs of infection between a routine versus 
a more extensive intraoperative sterility procedure were compared.8 We showed that 
the implementation of a more extensive sterilization procedure (changing gloves and 
instruments, extra disinfection with iodine) resulted in the same amount of bacterial 
colonization as with the routine procedure. In both procedures we found a remarkable 
high bacterial colonization rate on the mesh (86%), but with a low bacterial density (a 
density of > 5000 CFU/ml is considered as bacterial contamination).9 Together with the 
fact that we almost exclusively demonstrated non-pathogenic bacteria that colonized 
the mesh we considered this finding of no clinical relevance. Our finding suggests 
that disinfection with iodine is a minor contributor in lowering the bacterial rate in 
a bacterial contaminated vagina. This is supported by a study by Hessami10, in which 
bacterial colonization was related to the amount of time after iodine disinfection. The 
effect of broad-spectrum prophylactic antibiotics is likely to contribute to a much larger 
extent compared to disinfection, as is shown in a study by Culligan.9 

Another point of discussion is the pathogenesis behind the occurrence of mesh 
exposures in the vagina. Is bacterial colonisation of the mesh at time of surgery a 
risk factor for the development of subsequent exposure? Or do we find bacteria on 
exposed mesh due to secondary colonisation? If primary infection is involved we 
would have expected more problems of infection and erosions than we encountered 
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in our series. Most likely, the mesh becomes colonised with bacteria after being 
exposed in the bacterial contaminated vagina. However, several pathogenic bacteria 
are capable of biofilm formation, in which bacteria can remain ‘dormant’ for a while, 
but after a period of time chronic infections may appear.11, 12 Therefore we will need 
long term data to explore if erosions rates increase over time. This is, with the evidence 
regarding the safety of midurethral slings in mind, not a likely scenario.

Efficacy of surgical treatment in anterior compartment 
prolapse with trocar-guided transobturator mesh

Second objective: Primary versus recurrent repair
The second objective of this thesis was to assess anatomical and functional outcome, 
and safety of trocar- guided transobturator mesh repair in primary or recurrent 
cystocele repair. This information is of importance in counseling women on what to 
expect from surgery.

In our prospective cohort, statistical significant anatomical success rates (≥ 94%) and 
clinical improvement of urogenital symptoms and quality of life were observed after 
primary as well as recurrent cystocele repair with mesh.13 By using effect sizes, a 
distinction was made between clinical significant and less relevant improvements. 
With the use of these effect sizes and validated questionnaires a clinical relevant 
improvement in prolapse symptoms was found in both groups. A clinical relevant 
improvement in overactive bladder symptoms was found in the primary repair group 
but not in the recurrent repair group. The absence of an important improvement 
in overactive bladder symptoms in this group might be explained by the higher 
prevalence of a history of hysterectomy in this group.14, 15 In the recurrent repair group, 
a clinical relevant improvement on obstructive micturation, pain symptoms, and 
emotional functioning was found, which was not present in the primary repair group. 
The explanation for the improvement in pain symptoms and emotional functioning 
after recurrent repair could be that women were biased by their disappointment 
about the result of their initial surgery. This may have affected their perception of 
improvement after mesh, but this explanation is purely speculative.

Regarding safety, no major complications occurred in either group, suggesting that a 
history of anterior colporrhaphy does not increase the risk of complications as compared 
to using mesh in primary surgery. Low exposure rates in both primary (3%) and recurrent 
repair (4%) were detected, with a remarkable high de novo dyspareunia rate (21 and 39%) 
in both groups. De novo dyspareunia rates vary widely in the literature (0-67%), which 
is mainly due to heterogeneous study populations and definitions used.16 Nevertheless, 
de novo dyspareunia is a point of concern that might be related to the use of mesh and 
therefore should be addressed during counselling. A difficult part in measuring sexual 
function is the fact that it can be influenced by many factors, like body image, age, 
menopausal status and male partners.17, 18 Using validated questionnaires, including 
male partners and a control group with native tissue repairs, will lead to better evidence 
based understanding of the effect of POP surgery on sexuality.
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Another point of concern with mesh use in (especially) anterior, vaginal POP surgery is 
the occurrence of de novo prolapse in the untreated compartment.19, 20 In our study, a 
de novo rectocele was observed in 21% and 9% after primary and recurrent repair. As 
opposed to our results, Withagen recently reported higher rates of de novo rectocele 
(50%) after anterior mesh repair in recurrent cystoceles.20 This contrast is probably due to 
the high number of women (50%) with a history of previous posterior repair at baseline 
in our study. Our results contribute to the knowledge on how to counsel women with 
anterior POP with regards to what to expect after primary and recurrent cystocele repair 
with mesh. With the positive results of our observational studies on infection risks and 
functional outcome of mesh surgery we moved on to perform a randomised controlled 
trial comparing mesh surgery to the standard colporrhaphy technique.

Third objective: Compared to anterior colporrhaphy as 
primary treatment
The third objective of this thesis was to attain if trocar-guided transobturator mesh 
usage is justified as a primary treatment of cystoceles from a clinical and economic 
perspective. Therefore, we focused on women without prior prolapse surgery in a 
randomised controlled trial comparing a trocar- guided transobturator mesh with an 
anterior colporrhaphy.21-23 

We first analysed anatomical, functional, quality of life and safety outcomes after 
12 months follow up. Second, we assessed female and male sexual function after 
6 months follow up. Third, a cost-utility analysis after 24 months follow up was 
performed.

Anatomical outcome
Significant higher cure rates were demonstrated in the mesh group after 1-year follow 
up, with a risk reduction of 50% (95% CI 35.5-65.1) of a recurrent cystocele ≥ stage 
II. Despite this, the risk reduction of repeated surgery for a symptomatic recurrent 
cystocele was only 5% with mesh use. A non significant difference in de novo rectocele 
rate was diagnosed between the groups. 

Our data on anatomical outcome were comparable to other randomised trials.24-29 
These studies differ from our study in the fact that mainly heterogeneous study 
populations were used: for example women with primary and recurrent repair, 
women treated with both anterior and posterior mesh. Moreover, in most studies 
non-validated symptom and quality of life questionnaires have been used. 

One difficulty in measuring the effect of prolapse surgery is the lack of a well-defined 
definition of successful cure. Recently, Barber et al30, created several definitions of success, 
based on both anatomical and subjective outcomes, and found that treatment success 
varied tremendously depending on the definition used (19%-92%). They recommended 
to add the absence of vaginal bulge symptoms and absence of re-treatment to the 
anatomical outcome to define success. After applying these criteria to our data, the 
number needed to treat with mesh to prevent one failure (re-operation) was 19.
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Functional outcome
In the anterior colporrhaphy group similar improvement in urogenital symptoms 
and quality of life were observed. In both groups urogenital symptoms significantly 
improved, except for the urinary incontinence UDI domain in the mesh group. Also, 
a significant improvement in quality of life was measured in both groups, except for 
the IIQ embarassment domain in the colporrhaphy group.

Sexual outcome, effect on female and male sexuality
With a shifting focus from anatomical outcome to functional outcome, more 
attention is paid to the aspect of female sexuality in POP and its treatment. As a 
secondary outcome of the randomised trial, the effects of anterior mesh and anterior 
colporrhaphy on sexual function in women and their male partners were compared. 
After 6 months follow up, no significant differences between either treatment group 
were demonstrated. However, a significant and clinically important improvement of 
female sexual functioning after an anterior colporrhaphy was found, which was not 
detected after a mesh procedure. After anterior mesh repair, the majority of women 
did experience no change in their sexual functioning; however, 30% could expect 
less lubrication and 20% more pain. Women with an anterior colporrhaphy could 
expect significant improvements on their sexual function, especially an increase in 
lubrication and satisfaction, with a reduction in pain. 

With respect to male partners, no difference in their own sexual function is to be expected 
after their partner’s POP surgery, regardless of the surgical procedure performed.

Our findings are very important aspects in counseling women about the expectations 
on sexual outcome after anterior POP repair with or without mesh. One should 
be aware that the follow up time in this study is relatively short, and cannot be 
extrapolated on the long term. The negative effects on sexual function after anterior 
mesh repair may be caused by a fibrosis reaction on the mesh, which may cause 
shrinkage and stiffening of the mesh, leading to dyspareunia.31

Complications
In both our prospective and randomised studies, the exposure rate is low, varying 
from 2-4 %.13, 21 Our low exposure rate, compared to the 10.3% in the literature, might 
be explained by the fact that we never performed a simultaneous hysterectomy, as 
known risk factors for exposure32. Another factor that might have contributed to the low 
exposure rate is the collagen coating on the mesh we used, although the mechanism 
is unknown and hypothetical. Thereby, we also advised all women with mesh repair to 
use topical estrogen. The effect of this therapy should be explored in further studies. 

Economic evaluation
Mesh use is associated with additional costs. The cost, in addition to anatomical and 
functional outcome, is essential in the decision making on surgical interventions. 
A cost-utility analysis was performed as a third outcome of the randomised trial 
comparing mesh use with native tissue surgery for cystocele repair.23 Overall, 
higher costs are demonstrated after the anterior mesh procedure compared to the 
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conventional anterior repair, with a minimal difference in utility in both groups. The 
cost differences, which favour the native tissue group, were mainly based on the high 
cost of the mesh kits. Other costs did not differ between groups.

Concluding message
The results of this thesis show that trocar- guided transobturator mesh repair is 
effective in primary and recurrent cystocele repair with regards to both anatomical and 
functional outcomes. Moreover, primary cystocele repair using anterior mesh leads 
to significant better anatomical outcome compared to a repair using native tissue. 
However, despite these better anatomical results, similar improvement in urogenital 
symptoms and quality of life is observed. Both interventions appear to be safe, but 
after anterior mesh use a negative effect on sexual function, such as dyspareunia 
can be expected. Furthermore mesh use leads to higher costs compared to a native 
tissue repair. By taking these results into account, the use of vaginal trocar-guided 
transobturator mesh is not advocated in primary cystocele repair, in spite of being 
an anatomic effective and relative safe procedure. However, long term follow-up is 
necessary to demonstrate if anatomical recurrences after anterior colporrhaphy will 
subsequently become symptomatic with the need for re-operations. On the other 
hand, an increase in symptomatic de novo prolapse of the untreated compartment 
can occur after mesh repair, which also could result in new surgical interventions. 

Future perspectives
With the introduction of mesh in vaginal POP surgery, a new era in prolapse 
surgery has evolved. Based on the results in this thesis polypropylene mesh use is 
not advocated in primary cystocele repair. However, women who have a high risk 
of prolapse recurrence could benefit most from a mesh repair as initial therapy. 
Therefore, the next challenge is to identify risk factors for failure before the initial POP 
repair. Diagnostic tools like ultrasound and MRI can detect levator ani defects and 
contribute to this understanding since levator ani defects are associated with POP33 
and possibly with recurrent POP. Identification of “high risk women” will allow us to 
tailor the right treatment. Future studies should focus on tailored treatment strategies 
after identifying women with a high and low recurrence risk. 

The introduction of mesh in vaginal POP surgery rapidly resulted in a widespread use 
of this new material. In the USA, the FDA reported that approximately one out of three 
POP surgeries used mesh and three out of four POP procedures were done vaginally.34 
In the Netherlands > 70% of the urogynaecologists use mesh in vaginal POP surgery.35 

This widespread use of vaginal mesh is mainly driven by the following factors: 
1. The introduction of these meshes, being medical devices and not drugs, is allowed 

with a minimum of safety and efficacy data. This current system emerges a rapid 
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introduction of these techniques by commercial companies, even while constant 
innovations of these products are taken place. 

2. The rapid adoption of these new techniques by pelvic surgeons, mainly feeded by 
the perception that traditional repairs have a high re-operation risk.

Furthermore, since the introduction of vaginal mesh, concerns arose about the 
potential risks associated with mesh implantation. In 2008, the FDA published a 
notification about concerns regarding vaginal mesh use.36 Three years later, the FDA 
published a second warning to medical practitioners and patients: “Update on serious 
complications associated with transvaginal placement of surgical mesh for pelvic 
organ prolapse.”34. The increased number of reported complications prompted this 
warning. Moreover, in the US several lawsuits concerning mesh complications have 
been filed against the industry. Some companies recently even decided to discontinue 
the sales of some vaginal mesh products. 

Obviously, innovations can contribute to the advancement of medical practice. 
However, new techniques should be properly assessed in a controlled way to protect 
women with POP. Therefore, it is mandatory to regulate launching of new techniques. 
There is an urgent need for policies on the minimal amount of clinical data on safety 
and efficacy prior to marketing. Furthermore, post marketing surveillance registrations 
are necessary to assess overall safety of new products. And above all, pelvic surgeons 
using these meshes should be properly trained with strong regulations when to 
perform these products. The individual pelvic surgeon is responsible to be well trained, 
to inform the individual POP women on the risks and benefits, and moreover to 
monitor his/her actual outcomes and hold it against a relevant bench mark. National 
and international urogynaecological organizations need to provide these regulations 
and policies in national guidelines.

Apart from the rapid developments in surgical techniques, the way of measuring 
successful outcome needs to be standardized. By internationally formulating 
standardized and validated outcome measurements to define success, reliable 
comparisons among techniques can be made. 

Long- term follow- up and further exploration of the role of the middle compartment 
in developing a recurrent cystocele are necessary. There is an association between 
cystocele and uterine/apical descent;37, 38 sixty percent of cystocele size is associated 
with apical descent. However, it is still not clear whether apical descent is the cause or 
effect of cystocele.39 On one side weak ligaments can lead to apical descent and further 
to cystocele. On the other side, unbalanced pressures can pull down the anterior 
vaginal wall, and place an increased tension on the normal ligaments, further leading 
to an apical descent. Advanced biomechanic knowledge is necessary to understand 
what types of cystocele exist.39 These aspects need to be explored in future studies 
and may eventually lead to insight in tailoring individual treatment. Currently, new 
anterior mesh techniques have been developed, in which level 1 (apical) support is 
obtained by attaching the mesh to the sacrospinous ligaments.
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Risk factors like genetic defects leading to collagen associated disorders should be 
further explored, which eventually should lead to preventive strategies by avoiding 
contributing risk factors. 

Since the ideal mesh is not available yet, further development of mesh material is 
necessary. An important factor is the fine balance between tissue integration of the 
mesh on one side and scar formation on the other side. Lowering the mesh weight, 
and increasing pore size might reduce complications like erosions and dyspareunia, 
but should not be at the expense of the essential strength. Use of special coatings, 
such as silver or antibiotics, could be developed to reduce the amount of bacteria on 
the mesh. In addition, growth factors could be added resulting in local control of tissue 
generation. A hybrid mesh combining the best of both worlds (biologic and synthetic) 
could provide the perfect strength with minor complications. Moreover, muscle 
derived stem cells are capable to stimulate vaginal tissue repair in animal studies.40 
Recent studies demonstrated promising results on urinary incontinence with stem cell 
therapy.41 The ideal mesh could be a totally absorbable mesh implanted with stem cells. 
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This thesis reports on efficacy, safety and costs of trocar-guided transobturator 
polypropylene mesh in anterior vaginal prolapse surgery.

Chapter 1 is the Introduction and gives an overview on the background and scope of the 
studies presented in this thesis. For decennia, the established method treating women 
with a symptomatic cystocele is a traditional colporrhaphy, by using native tissue. With 
this technique, recurrence rates of 20-70% are described. In recent years, new surgical 
techniques using vaginal mesh have been developed with the aim to decrease these 
high recurrence rates. Using a vaginal mesh instead of native tissue could provide a 
better durability of the surgical repair. The first results after vaginal POP surgery were 
promising. However, also concerns arose about the safety of these new techniques. 
Despite the lack of reliable data on effectiveness and safety, these new products were 
rapidly introduced on the market. This lack of evidence prompted to start the studies in 
this thesis. The study aims and an outline of this thesis are presented in this chapter.

Chapter 2 presents the results of a prospective observational cohort study, performed 
in order to detect how often bacterial colonisation of mesh occurs in vaginal prolapse 
surgery and if the intraoperative sterility procedures that are applied matter. A 
routine and a more extensive intraoperative sterility procedure (changing gloves 
and instruments, extra desinfection with iodine) were compared in 64 consecutive 
women. Bacterial colonisation was measured by taking culture swabs of the mesh 
during surgery. A high bacterial colonisation rate was found on the mesh, but 
with a density far below (<1000 CFU/ml) of what is known as clinical important 
contamination (> 5000 CFU/ml). These findings were irrespective of the intraoperative 
sterility procedure used. The potential pathogenic bacteria were all susceptible for the 
routine pre-operative antibiotics. These results indicate that a more extensive sterility 
method has no additional effect on the bacterial contamination of mesh material. 
Therefore, a routinely performed sterility procedure in combination with a broad-
spectrum antibiotic prophylaxis appears to be safe in vaginal prolapse surgery with a 
type I collagen-coated polypropylene mesh.

In Chapter 3 a multicentre prospective study on the efficacy and safety of vaginal 
trocar-guided transobturator mesh surgery in 2 cohorts of women with symptomatic 
cystocele was carried out. One of the issues under discussion is if the mesh should be 
used in primary repairs or only in secondary repairs. Therefore, the aim of this study 
was to assess efficacy and safety of vaginal mesh in primary and recurrent repair of 
cystocele. One cohort consisted of women with primary repair (124 women) and one 
cohort underwent recurrent repair (56 women). After 1-year follow up in both primary 
and recurrent repair high anatomical cure rates (cystocele < POPQ stage II) were 
observed (94% and 95% respectively). According to functional outcome, significant 
subjective improvement was demonstrated in both primary and recurrent cystocele 
repair. This improvement was clinical relevant on prolapse and overactive bladder 
symptoms (effect size ≥ 0.9) in primary cystocele repair. In recurrent cystocele repair 
this effect (effect sizes ≥ 0.8) was found on prolapse and obstructive micturation and 
pain symptoms, and on emotional functioning. Regarding safety, both procedures did 
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not show major complications, with low exposure rates (3% respectively 4%). However, 
the high de novo dyspareunia rate (21% respectively 39%) is subject of concern. It 
was concluded that vaginal mesh showed significant improvement in anatomical and 
functional outcome in both primary and recurrent cystocele repair. Different subjective 
improvement can be expected in either primary or recurrent repair.

In Chapter 4, 5 and 6 the results of a randomised trial between anterior colporrhaphy and 
trocar-guided transobturator anterior mesh in primary surgical repair of anterior vaginal 
prolapse are presented. The primary outcome of this study was anatomical cure of the 
anterior compartment (cystocele < POPQ stage II). In this study 121 women participated.

Chapter 4 shows the results of this randomised trial regarding anatomical and 
functional outcome. After 12 months follow up the mesh reduced the risk of anatomical 
failure (cystocele ≥ POPQ stage II) from 59 to 9% (risk reduction 50.3%, 95% CI 35.5-
65.1), compared with anterior colporrhaphy. However, the use of mesh showed an 
absolute risk reduction of only 5% in the need for surgery for a recurrent symptomatic 
cystocele. Similar significant subjective improvement on symptoms (UDI) and quality 
of life (IIQ) was observed in both mesh and traditional native tissue repair. The 
exposure rate was low (4%). Women with pre-existing dyspareunia were more likely 
to have their dyspareunia resolved after an anterior colporrhaphy. It was concluded 
that from a woman’s perspective the use of trocar-guided transobturator mesh in 
primary cystocele repair did not result in better functional outcome or significant 
reductions in repeat surgery. Based on this perspective, the superior anatomical 
outcome at 1-year follow up does not justify its use in primary cystocele repair.

In Chapter 5 a secondary analysis of the aforementioned randomised trial is described. 
Female and male sexual function were assessed and compared. Sexual function was 
measured with generic questionnaires on female and male sexual function, both 
validated in Dutch (FSFI and MSHQ). In the mesh group 54/59 women versus 53/62 in 
the anterior colporrhaphy group participated. In men, 29 versus 30 participated. After 
6-month follow up female sexual function was similar between both intervention 
groups. However, a significant improvement on pain, lubrication and overall 
satisfaction was reported within the native tissue group. This improvement was not 
observed in the mesh group. A subgroup of women with a participating partner 
reported significantly higher baseline domain scores as compared to other women. 
This subgroup did not report significant improvement of sexual function irrespective 
of treatment allocation. Worsening of baseline sexual function was reported by 43% 
of women in the mesh group compared with 18% in the anterior colporrhaphy group. 
In conclusion, this study showed that women after an anterior colporrhapy report 
a significant and clinically relevant improvement of their sexual function whereas 
women after a mesh procedure did not. Male partners are not likely to experience a 
difference in their own sexual function after their partners’ surgery irrespective of the 
intervention performed.
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Chapter 6 reports an incremental cost-utility analysis of mesh versus native tissue 
repair for primary cystocele repair in a randomised controlled setting over a 2-year 
time horizon. Costs were divided in direct and indirect costs including the costs of re-
operations and complications. Utility was measured with EQ5D. The direct costs were 
significantly higher in the anterior mesh group, mainly based on the costs of the mesh 
kit. Cystocele repair with mesh was associated with higher incremental costs (611 
euros) and a negligible difference in QALY’s (-0.0002), leading to a cost-acceptability 
probability of 0.8% that the anterior mesh is cost-effective. Based on these results, it 
was concluded that the anterior colporrhaphy should be the intervention of choice in 
the surgical treatment of primary cystocele. 

In Chapter 7 the combined results of the aforementioned chapters are discussed in a 
broader perspective and future directions are given.
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Dit proefschrift beschrijft de effectiviteit, veiligheid en kosten van het gebruik van trocar-
geleide transobturator polypropyleen mesh in de behandeling van een blaasverzakking.

Hoofdstuk 1 is de Introductie en bespreekt de achtergrond van dit proefschrift. Al 
decennia lang is een klassieke voorwandplastiek, waarin eigen weefsel wordt 
gebruikt, de aangewezen operatieve techniek om vrouwen met een symptomatische 
blaasverzakking te behandelen. Met deze behandeling worden echter recidief 
percentages van 20-70% beschreven. Vanwege deze hoge recidiefpercentages zijn er 
nieuwe chirurgische technieken ontwikkeld met als doel deze recidiefpercentages te 
verminderen. Door gebruik te maken van een vaginale mesh in plaats van eigen weefsel 
zou de duurzaamheid van de prolaps operatie vergroot kunnen worden. De eerste 
resultaten van het gebruik van mesh in vaginale prolapschirurgie zijn veelbelovend. 
Er zijn echter ook zorgen betreffende de veiligheid van deze nieuwe technieken. Het 
gebruik van trocar-geleide transobturator mesh is snel geïntroduceerd in de vaginale 
prolapschirurgie zonder goede wetenschappelijke onderbouwing betreffende de 
effectiviteit en veiligheid. Dit was de belangrijkste motivatie om de studies uit dit 
proefschrift te initiëren. 

Het hoofdstuk wordt afgesloten met de belangrijkste onderzoeksvragen van dit 
proefschrift.

In Hoofdstuk 2 worden de resultaten gepresenteerd van een prospectieve cohort studie. 
Deze studie werd verricht om aan te tonen hoe vaak er bacteriële kolonisatie van type 
1 polypropyleen mesh optreedt in vaginale prolaps chirurgie én of intra-operatieve 
steriliteits procedures van invloed zijn op deze bacteriële kolonisatie. De standaard 
intra-operatieve steriliteits methode werd vergeleken met een uitgebreidere methode 
(wissel van instrumentarium en handschoenen en opnieuw desinfecteren van het 
operatiegebied met jodium) in 64 vrouwen. Bacteriële kolonisatie werd gemeten door 
kweken van de mesh af te nemen tijdens de operatie. Er werd een hoge bacteriële 
kolonisatie op de mesh gevonden, echter met een bacteriële densiteit < 1000 CFU/ml 
(een densiteit van > 5000 CFU/ml wordt beschouwd als bacteriële contaminatie). Deze 
bevindingen waren onafhankelijk van de steriliteits methode die gebruikt werd. De 
potentieel pathogene bacteriën waren allen gevoelig voor de routine pre-operatieve 
antibiotica. Op grond van deze resultaten werd geconcludeerd dat een uitgebreidere 
steriliteits methode geen toegevoegde waarde heeft op de bacteriële contaminatie 
van de mesh. De standaard steriliteits procedure in combinatie met breed-spectrum 
antibiotica profylaxe lijkt een veilige methode bij vaginale prolaps chirurgie met 
gebruik van een type I polypropyleen mesh.

Hoofdstuk 3 toont de resultaten van een prospectieve studie, in meerdere centra 
uitgevoerd, over de effectiviteit en veiligheid van trocar-geleide transobturator mesh 
in 2 cohorten, bestaande uit vrouwen met een symptomatische cystocele. Vanwege 
de recente discussie of vaginale mesh als primaire of alleen als recidief behandeling 
gebruikt moet worden was het doel van deze studie om de effectiviteit en veiligheid 
van vaginale mesh bij een primaire en recidief cystocele te rapporteren. Het cohort 
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vrouwen met een primaire cystocele bestond uit 124 vrouwen en het cohort vrouwen 
met een recidief cystocele uit 56 vrouwen. Zowel na een primaire als na een recidief 
cystocele operatie werd na 1 jaar een hoog percentage anatomische genezing 
(cystocele < POPQ stadium II) vastgesteld (94 en 95% respectievelijk). Daarnaast werd 
er een significante verbetering op functionele klachten en kwaliteit van leven in 
beide cohorten gerapporteerd. Deze verbetering was klinisch relevant op het gebied 
van prolaps symptomen en overactieve blaasklachten (effect size ≥ 0.9) in de groep 
vrouwen die een operatie ondergingen vanwege een primaire cystocele. In de groep 
vrouwen na een recidief cystocele behandeling werd een klinisch relevant effect 
gemeten op het gebied van prolaps, obstructieve mictie en pijn symptomen (effect 
size ≥ 0.8). Er werden geen ernstige complicaties beschreven. Het percentage mesh 
exposures (het zichtbaar worden van mesh in de vagina) was laag: 3% respectievelijk 
4% in primair en recidief chirurgie. Het hoge percentage de novo dyspareunie in beide 
groepen (21% en 39% respectievelijk) is een punt van zorg. De conclusie van deze 
studie was dat de vaginale mesh een significante verbetering laat zien in anatomische 
en functionele uitkomst na 1 jaar bij zowel een primaire als recidief cystocele. Een 
verschillend effect op de verbetering van bekkenbodemklachten en kwaliteit van 
leven kan worden verwacht na een primaire of recidief behandeling. 

In Hoofdstuk 4, 5 en 6 worden de resultaten van een gerandomiseerde studie 
beschreven tussen een klassieke voorwandplastiek en een trocar-geleide transobturator 
mesh operatie bij vrouwen met een primaire cystocele (een blaasverzakking zonder 
eerdere operaties vanwege een verzakking). De primaire uitkomstmaat was het verschil 
in anatomisch genezing (cystocele < POPQ stadium II) tussen de 2 interventies. Er 
participeerden 121 vrouwen in deze studie.

In Hoofdstuk 4 worden de anatomische en functionele resultaten na 1 jaar follow up 
beschreven van de eerder genoemde gerandomiseerde studie. De behandeling van een 
cystocele met een transobturator mesh resulteerde in een 50.3% (95% CI 35.5-65.1)  
lager risico op anatomisch falen (cystocele ≥ POPQ stadium II) vergeleken met de 
klassieke voorwandplastiek. Na een klassieke voorwand werden er echter slechts 3 
(5%) heroperaties verricht vanwege een recidief cystocele, versus geen na een vaginale 
mesh operatie. Functionele uitkomstmaten (UDI en IIQ) verbeterden significant op 
bijna alle symptoom domeinen in beide groepen. Er werden echter geen verschillen 
in symptoom en kwaliteit van leven scores tussen beide groepen gevonden. Mesh 
exposure werd gezien in 4% van de vrouwen behandeld met een mesh. Na een 
klassieke voorwandplastiek met eigen weefsel was er bij vrouwen met pre-operatieve 
dyspareunie een grotere kans op verbetering. 

Op grond van deze resultaten werd geconcludeerd dat het gebruik van een 
transobturator mesh bij een primaire cystocele behandeling vanuit patiënten 
perspectief gezien geen betere functionele uitkomst geeft en ook geen significante 
vermindering in het aantal re-operaties. Vanuit dit perspectief gezien rechtvaardigen 
de superieure anatomische uitkomsten na 1 jaar follow-up niet dat de vaginale mesh 
gebruikt wordt voor de behandeling van een primaire cystocele.
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In Hoofdstuk 5 wordt het seksueel functioneren van vrouwen en hun mannelijke 
partners tot 6 maanden na de operatie in dezelfde gerandomiseerde groep 
beschreven. Seksueel functioneren werd in deze studie gemeten met generieke, 
in het Nederlands gevalideerde, vragenlijsten betreffende vrouwelijk en mannelijk 
seksueel functioneren (FSFI en MSHQ). In de groep vrouwen die geopereerd werden 
met vaginale mesh participeerden 54/59 vrouwen versus 53/62 in de klassieke 
voorwand groep. Van de mannelijke partners participeerden 29 versus 30 mannen. 
Er werd geen verschil in seksueel functioneren gevonden tussen beide interventies 
na 6 maanden follow up. Echter, binnen de groep vrouwen die geopereerd werden 
met een klassieke voorwandplastiek werd er een klinisch relevante verbetering 
van pijn, lubricatie en algehele tevredenheid gezien. Deze verbetering werd niet 
gezien in de groep vrouwen na een operatie met vaginale mesh. In een subgroep 
van vrouwen, van wie hun partner deelnam aan de studie werden pre-operatief 
significant hogere scores van seksueel functioneren gemeten. In deze subgroep werd 
na beide interventies geen significante verbetering van seksueel functioneren gezien. 
In 43% van de vrouwen na een operatie met vaginale mesh trad er een verslechtering 
op van seksueel functioneren, terwijl er na een klassieke voorwandplastiek in 18% 
een verslechtering optrad. Er werd geconcludeerd dat vrouwen na een klassieke 
voorwandplastiek een significante en klinisch relevante verbetering van hun seksueel 
functioneren kunnen verwachten, en vrouwen na een vaginale mesh ingreep niet. 
Het seksueel functioneren van mannelijke partners lijkt niet te veranderen na de 
behandeling van hun vrouw, ongeacht welke behandeling is verricht.

Hoofdstuk 6 beschrijft de resultaten van een kosteneffectiviteitanalyse in de eerder 
beschreven gerandomiseerde studie over een periode van 2 jaar. Kosten werden 
verdeeld in directe en indirecte kosten, inclusief de kosten van heroperaties en 
complicaties. Gezondheidsmaten werden uitgedrukt in utiliteiten, gemeten met 
de EQ5D vragenlijst. De directe kosten van de operatie met vaginale mesh waren 
significant hoger dan van een klassieke voorwandplastiek. Deze hogere kosten werden 
met name veroorzaakt door de kosten van de mesh zelf. De incrementele kosten 
per vrouw waren hoger na een mesh operatie (611 Euro) met een verwaarloosbaar 
verschil in QALY’s (quality adjusted life years) (-0.0002). Deze resultaten leidden tot de 
conclusie dat een klassieke voorwandplastiek goedkoper is voor de gezondheidszorg 
in vergelijking met een vaginal mesh operatie. Gezien de vergelijkbare kwaliteit van 
leven na beide ingrepen, is de klassieke voorwandplastiek op basis van deze studie 
de juiste behandeling voor de operatieve behandeling van een primaire cystocele.

In Hoofdstuk 7 worden de resultaten van de voorgaande hoofdstukken besproken 
en bediscussieerd in een breder perspectief. Ook worden er suggesties gedaan over 
verder onderzoek en implementatie van nieuwe technieken.
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Conclusie
De resultaten van dit proefschrift laten zien dat de operatieve behandeling 
van een primaire en recidief symptomatische cystocele met een trocar-geleide 
transobturator mesh effectief is zowel in anatomisch herstel als in verbetering van 
bekkenbodemklachten en kwaliteit van leven. Daarnaast leidt deze behandeling bij 
een primaire cystocele tot een significant betere anatomische uitkomst in vergelijking 
met een klassieke voorwandplastiek. Ondanks dit betere anatomisch herstel, wordt 
er geen verschil gezien in verbetering van symptomen en kwaliteit van leven tussen 
beide behandelingen. Beide technieken blijken veilig te zijn, echter na een operatie 
met vaginale mesh kan er een verslechtering van seksueel functioneren optreden, 
zoals dyspareunie. Daarnaast leidt de ingreep met vaginale mesh tot hogere kosten 
in vergelijking met een klassieke voorwandplastiek. Dit leidt tot de conclusie dat 
het gebruik van trocar-geleide transobturator mesh niet wordt aanbevolen als 
behandeling van een primaire cystocele, ondanks dat het een effectieve en relatief 
veilige procedure is. Lange termijn follow up is echter nodig om aan te tonen of de 
anatomische recidieven na een klassieke voorwandplastiek symptomatisch worden 
met noodzaak tot heroperatie. Aan de andere kant is het mogelijk, dat er een toename 
van symptomatische de novo prolaps in het onbehandelde compartiment ontstaat na 
een vaginale mesh operatie, waarvoor vervolgens heroperaties nodig zijn. 
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LIST OF ABBREVIATIONS

LIST OF ABBREVIATIONS
AC  Anterior Colporrhaphy
BMI  Body Mass Index
CFU  Colony Forming Units
CI  Confidence Interval
CEA  Cost Effectiveness Analysis
COPD  Chronic Obstructive Pulmonary Disease
CRF  Case Record Forms
DBC  Diagnose Behandel Combinatie
ES  Effect Size
EQ5D  Euroqol -5D
FDA  Food and Drug Administration
FSFI  Female Sexual Function Index
ICS  International Continence Society
IIQ  Incontinence Impact Questionnaire
IUGA  International Urogynecological Association
LOCF  Last Outcome Carried Forward
MSHQ  Male Sexual Health Questionnaire
NNT  Number Needed to Treat
NTR  Netherlands Trial Register
NW  North West
PISQ  Prolapse and Incontinence Sexual Function Questionnaire
POP  Pelvic Organ Prolapse
POPQ  Pelvic Organ Prolapse Quantification
SD  Standard Deviation
SE  South East
SSF  Sacrospinous ligament Fixation
TVT  Tension-free Vaginal Tape
UDI  Urogenital Distress Inventory
QALY  Quality Adjsuted Life Year
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