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BACKGROUND

The use of standardized mesh kits for repair of pelvic-organ prolapse has spread 
rapidly in recent years, but it is unclear whether this approach results in better out-
comes than traditional colporrhaphy.

METHODS

In this multicenter, parallel-group, randomized, controlled trial, we compared the 
use of a trocar-guided, transvaginal polypropylene-mesh repair kit with traditional 
colporrhaphy in women with prolapse of the anterior vaginal wall (cystocele). The 
primary outcome was a composite of the objective anatomical designation of stage 0 
(no prolapse) or 1 (position of the anterior vaginal wall more than 1 cm above the 
hymen), according to the Pelvic Organ Prolapse Quantification system, and the sub-
jective absence of symptoms of vaginal bulging 12 months after the surgery.

RESULTS

Of 389 women who were randomly assigned to a study treatment, 200 underwent 
prolapse repair with the transvaginal mesh kit and 189 underwent traditional col-
porrhaphy. At 1 year, the primary outcome was significantly more common in the 
women treated with transvaginal mesh repair (60.8%) than in those who under-
went colporrhaphy (34.5%) (absolute difference, 26.3 percentage points; 95% con-
fidence interval, 15.6 to 37.0). The surgery lasted longer and the rates of intraop-
erative hemorrhage were higher in the mesh-repair group than in the colporrhaphy 
group (P<0.001 for both comparisons). Rates of bladder perforation were 3.5% in the 
mesh-repair group and 0.5% in the colporrhaphy group (P = 0.07), and the respective 
rates of new stress urinary incontinence after surgery were 12.3% and 6.3% (P = 0.05). 
Surgical reintervention to correct mesh exposure during follow-up occurred in 3.2% 
of 186 patients in the mesh-repair group.

CONCLUSIONS

As compared with anterior colporrhaphy, use of a standardized, trocar-guided mesh 
kit for cystocele repair resulted in higher short-term rates of successful treatment 
but also in higher rates of surgical complications and postoperative adverse events. 
(Funded by the Karolinska Institutet and Ethicon; ClinicalTrials.gov number, 
NCT00566917.)
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Pelvic-organ prolapse, a condition 
characterized by a downward descent of the 
pelvic organs, causing the vagina to pro-

trude,1 afflicts millions of women worldwide and 
is increasingly recognized as a global burden on 
women’s health.2,3 In the United States alone, more 
than 300,000 surgeries for pelvic-organ prolapse 
are performed each year, of which anterior colpor-
rhaphy for prolapse of the anterior vaginal wall 
(cystocele) is the single most common operation.4 
However, because the risk of recurrence is 40% or 
more with this procedure,5-7 there has been great 
interest in innovative surgical techniques that may 
improve outcomes after cystocele repair. Yet the 
evaluation of complex interventions has not kept 
pace with the rapid development of novel invasive 
therapies that involve synthetic implants.8 Several 
observational studies have shown lower failure 
rates after biomaterial-augmented surgery, as com-
pared with the traditional repair of pelvic-organ 
prolapse, but data from randomized trials to 
support specific treatment recommendations are 
lacking.9

Standardized trocar-guided mesh kits are in-
creasingly used in prolapse surgery, and the ap-
proach differs fundamentally from traditional 
colporrhaphy. These operations involve the use of 
metal trocars for placement of a synthetic mesh, 
which is standardized in shape and size, to sup-
port the vaginal walls. Despite their widespread 
use, none of the marketed kits have been com-
prehensively evaluated in comparative trials. We 
designed a multicenter, parallel-group, random-
ized trial to determine the efficacy and safety of 
transvaginal mesh repair for prolapse of the an-
terior vaginal wall, as compared with the current 
standard of care.

Me thods

Patients

The trial was conducted at 53 hospitals through-
out Sweden, Norway, Finland, and Denmark. (For 
a list of the participating centers, see the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org.) From December 2007 
through December 2008, patients were screened 
by the participating surgeons for prolapse of the 
anterior vaginal wall after self-referral or referral 
by their general practitioner or gynecologist. Pa-
tients were invited to participate if they were 18 
years of age or older and presented with primary 

or recurrent prolapse of the anterior vaginal wall 
that was stage 2 or higher (according to the Pelvic 
Organ Prolapse Quantification [POP-Q] system) 
and with symptoms of vaginal bulging or pelvic 
heaviness. Exclusion criteria were previous cancer 
of any pelvic organ, systemic glucocorticoid treat-
ment, insulin-treated diabetes, an inability to par-
ticipate in study follow-up or to provide informed 
consent, or the need for concomitant surgery. Oral 
and written informed consent was obtained from 
all participants. The trial was conducted in accor-
dance with the protocol (available at NEJM.org).10

The study was approved by the appropriate re-
search ethics committees in each country. A data 
and safety monitoring committee reviewed the 
progress and safety of the study during the re-
cruitment period.

Randomization

Patients were randomly assigned in a ratio of 1:1, 
with the use of balanced blocks of four, to either 
traditional colporrhaphy or trocar-guided trans-
vaginal mesh repair. Randomization took place 
when the gynecologic surgeon called the coor-
dinating center before the intervention. Patients 
were assigned to treatment according to a sequen-
tially numbered randomization list in the order 
these calls were received, and they were not made 
aware of their assignment until the 1-year follow-
up visit had been completed.

Study Design

The participants completed baseline question-
naires concerning demographic characteristics 
and medical history. Before surgery and at follow-
up visits scheduled for 2 and 12 months after sur-
gery, patients completed the Urogenital Distress 
Inventory (UDI).11 The Pelvic Organ Prolapse/Uri-
nary Incontinence Sexual Questionnaire (PISQ-12) 
was completed at baseline and at 1 year.12 The 
UDI consists of three subscales (each ranging 
from 0 to 100, with a maximum summary score 
of 300) reflecting different aspects of urogenital 
dysfunction: irritative symptoms (UDI-I), obstruc-
tive discomfort (UDI-O), and stress symptoms 
(UDI-S); higher scores indicate greater dysfunc-
tion. PISQ-12 scores range from 0 to 48, with 
higher scores indicating better sexual function.13 
Staging of vaginal prolapse was determined 
with the use of the POP-Q system.14 Postoperative 
examinations were performed by a gynecologist 
other than the operating surgeon, if possible. Dif-
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ferences between the surgical incisions required 
for the two procedures meant that the examiners 
were aware of the assigned interventions, and the 
use of sham incisions to conceal the assignments 
was considered to be unethical.

The primary outcome was a composite of ob-
jective and subjective measures: POP-Q stage 0 or 
1 of the anterior vaginal wall (i.e., point Ba, which 
represents the most distal point of the anterior 
vaginal wall in relation to the hymen) and a neg-
ative response to the question, “Do you experi-
ence a feeling of bulging or protrusion in the 
vaginal area?” (question 16 on the UDI). Sec-
ondary outcome measures included the individual 
components of the primary composite end point, 
surgical complications, adverse events related to 
the procedure, and patient-reported urogenital dis-
tress and sexual function.

The manufacturer of the mesh kit did not pro-
vide the products used in this trial and had no 
involvement in the study design, data collection 
and analysis, the writing of the manuscript, or the 
decision to submit the results for publication.

Surgical Procedures

All surgeons were qualified to perform both in-
terventions. The surgical procedures were stan-
dardized before initiation of the study and were 
performed in an identical manner across partici-
pating centers. Postmenopausal patients received 
preoperative and postoperative topical estrogen 
treatment. Details of the surgical procedures are 
provided in the Supplementary Appendix. All mesh 
procedures involved use of the Gynecare Prolift 
Anterior Pelvic Floor Repair System kit (Ethicon).15 
Placement of the mesh is shown in Figure 1 of the 
Supplementary Appendix.

Statistical Analysis

The statistical power calculation was based on a 
superiority assumption with a binary primary out-
come. On the basis of a previous study,16 we esti-
mated that at least 149 patients were needed in 
each treatment group for 90% power to detect a 
20% difference in the primary outcome measure, 
with a two-tailed type I error of 1%, at 1 year after 
surgery. The primary analysis used the full data 
set, and all results were based on observed out-
comes without imputation of missing data. Base-
line characteristics are presented as means ±SD 
for continuous variables and as frequencies for cat-
egorical variables. Continuous end points were 

evaluated with the use of analysis of covariance 
(ANCOVA), with group and baseline values for 
the dependent variable entered as independent 
variables in a model.

Categorical end points were analyzed with the 
use of Fisher’s exact test and univariate logistic 
regression, with the treatment group as the only 
independent variable. To evaluate the robustness of 
the results, we performed an additional multivari-
ate logistic-regression analysis with adjustments 
for the following prespecified baseline covari-
ates: age, body-mass index, parity, and presence or 
absence of a history of surgery for anterior-wall 
prolapse. In a post hoc analysis, we adjusted for 
the effects of descensus of the vaginal apex by 
adding the baseline position of POP-Q point C 
(the position of the vaginal apex before surgery) 
(numerical value) to the covariates. Results of the 
logistic-regression analyses are presented as odds 
ratios with 95% confidence intervals. Subsequent 
analyses included both a per-protocol analysis and 
a conservative sensitivity analysis of the binary 
primary outcome. For purposes of the sensitivity 
analysis, we assumed a worst-case scenario for the 
mesh-repair group (i.e., for all patients with miss-
ing data in the mesh-repair group, the study treat-
ment was considered to be unsuccessful, whereas 
for patients with missing data in the colporrhaphy 
group, the study treatment was considered to be 
successful). All analyses were performed by an in-
dependent statistician who was unaware of the 
treatment assignments until data analysis for the 
primary end point had been completed.

R esult s

Study Population

A total of 1685 women were screened for enroll-
ment, of whom 389 women were randomly as-
signed to treatment. Figure 1 shows the disposi-
tion of patients. Rates of nonadherence to the 
treatment assignment were low and were similar 
in the two treatment groups (3.7% for the colpor-
rhaphy group and 4.5% for the mesh-repair group, 
P = 0.80). Baseline characteristics and scores on the 
UDI and PISQ-12 were similar in the two groups 
(Table 1). Of the 389 patients, 61 (15.7%) under-
went surgery as a secondary procedure because of 
prolapse recurrence. The 58 surgeons who partici-
pated in the trial performed a median of 3 of each 
of the two types of procedures (range, 1 to 8 for 
the mesh repair and 1 to 9 for colporrhaphy).



Colporrhaphy vs. Mesh for Pelvic-Organ Prolapse

n engl j med 364;19 nejm.org may 12, 2011 1829

Outcome Measures

One year after surgery, the primary outcome (i.e., 
no prolapse on the basis of both objective and sub-
jective assessments) was significantly more com-
mon among patients in the mesh-repair group than 
among those in the colporrhaphy group (60.8% vs. 

34.5%, P<0.001; adjusted odds ratio, 3.6; 95% con-
fidence interval [CI], 2.2 to 5.9) (Tables 2 and 3). 
The result of the per-protocol analysis was simi-
lar to that of the intention-to-treat analysis (ad-
justed odds ratio, 4.3; 95% CI, 2.6 to 7.2). Mesh 
repair remained superior to colporrhaphy with re-

410 Underwent randomization

1685 Women were screened

1273 Were not eligible or did 
not provide informed consent

206 Were assigned to transvaginal
mesh repair

194 Attended 2-mo visit

204 Were assigned to colporrhaphy

15 Did not begin treatment
8 Withdrew consent
2 Violated eligibility criteria
2 Did not undergo surgery

for unknown reasons
3 Did not have trial surgeon

available at surgery

6 Did not begin treatment
1 Withdrew consent
2 Did not have baseline

evaluation
2 Did not have trial surgeon

available at surgery
1 Had mistaken identity

200 Were assigned to transvaginal mesh repair
191 Underwent surgery per assignment

2 Procedures were aborted because
of surgical difficulties

1 Underwent another surgery owing
to intraoperative clinical findings

6 Did not use mesh subsequent 
to bladder perforation

189 Were assigned to colporrhaphy
182 Underwent surgery per assignment

7 Underwent another surgery owing
to intraoperative clinical findings

6 Were lost to follow-up

186 Attended 1-yr visit

7 Were lost to follow-up
1 Died

182  Attended 1-yr visit

186 (93%) Were eligible for analysis 182 (96%) Were eligible for analysis

186 Attended 2-mo visit

3 Were lost to follow-up

3 Were lost to follow-up
1 Died

Figure 1. Randomization and Follow-up of the Study Patients.
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spect to the primary outcome in a sensitivity anal-
ysis that involved imputing outcomes that were 
disadvantageous for mesh repair (adjusted odds 
ratio, 2.1; 95% CI, 1.4 to 3.3). Adding the preop-

erative position of point C (vaginal apex) to the 
analysis had only a minor effect on the rate of 
treatment success for transvaginal mesh repair as 
compared with colporrhaphy (adjusted odds ratio, 

Table 1. Baseline Characteristics of the 389 Study Patients.*

Characteristic
Colporrhaphy Group

(N = 189)
Mesh-Repair Group

(N = 200)

Age at surgery — yr 65.1 (±9.8) 64.3 (±9.8)

Educational level reached — no. of patients (%)

High school or equivalent 134 (70.9) 146 (73.0)

College or university 43 (22.8) 43 (21.5)

Parity

Median 2 2

Range 0–7 0–6

Cesarean deliveries — no. of patients (%) 13 (6.9) 11 (5.5)

Current smokers — no. of patients (%) 22 (11.6) 25 (12.5)

Body-mass index 25.0 (±3.0) 26.2 (±3.4)

Age at menopause — yr 50.0 (±4.6) 50.3 (±4.8)

Current use of hormone therapy — no. of patients (%) 105 (55.6) 113 (56.5)

Previous surgery for cystocele — no. of patients (%)† 28 (14.8) 33 (16.5)

Prior pelvic surgery — no. of patients (%)

Posterior prolapse repair 24 (12.7) 16 (8.0)

Hysterectomy 36 (19.0) 46 (23.0)

For incontinence 3 (1.6) 5 (2.5)

Salpingo-oophorectomy 4 (2.1) 3 (1.5)

Cervix amputation 1 (0.5) 3 (1.5)

Sacrospinal fixation 1 (0.5) 1 (0.5)

UDI‡ 91.5 (±52.5) 86.9 (±48.2)

UDI-I 34.0 (±22.0) 34.0 (±20.5)

UDI-S 26.5 (±25.9) 23.4 (±23.5)

UDI-O 31.6 (±18.3) 32.0 (±18.5)

Symptom of vaginal bulging — no. of patients (%)§ 158 (83.6) 169 (84.5)

POP-Q stage — no. of patients (%)¶

2 103 (54.5) 99 (50.0)

3 83 (43.9) 99 (50.0)

Sexually active — no. of patients (%) 73 (38.6) 80 (40.0)

PISQ-12‖ 33.1 (±6.7) 32.2 (±7.2)

* Plus–minus values are means ±SD.
† None of the patients had previously undergone pelvic reconstructive surgery that involved biomaterial implants.
‡ Scores on the Urogenital Distress Inventory (UDI) range from 0 to 300, with higher scores indicating greater distress 

(or “bother”). The maximum summary score is 100 for the UDI subscales, which include irritative symptoms (UDI-I), 
stress symptoms (UDI-S), and obstructive discomfort (UDI-O). The UDI scores have been combined to result in overall 
scores presented as means ±SD.

§ This symptom is part of the composite primary outcome measure and represents question 16 of the UDI.
¶ In stage 2 of the Pelvic Organ Prolapse Quantification (POP-Q) system, the anterior vaginal wall (adjacent to the bladder) 

descends to at least 1 cm above the hymen but not more than 1 cm below it; in stage 3, the anterior vaginal wall descends 
more than 1 cm below the hymen but less than the total length of the vagina. Baseline data were missing for three patients.

‖ Scores on the short-form Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ-12) range from 0 to 
48, with higher scores indicating better sexual function.
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3.1; 95% CI, 1.9 to 5.2). There were no significant 
interactions detected for differences in treatment 
effects between the two procedures 1 year after 
surgery in relation to baseline patient character-
istics (Table 3).

In secondary analyses performed to assess the 
two components of the primary outcome sepa-
rately, use of the transvaginal mesh kit was supe-
rior to colporrhaphy with regard to the percentage 
of women in whom support of the anterior vaginal 
wall was restored to POP-Q stage 0 or 1 (82.3% 

vs. 47.5%, P<0.001) and the percentage of those 
who had symptoms of vaginal bulging (75.4% vs. 
62.1%, P = 0.008) at 1 year (Table 2). Detailed 
POP-Q results are provided in Table 1 in the Sup-
plementary Appendix.

Between the 2-month and 1-year follow-up 
visits, UDI scores deteriorated in both treatment 
groups, although more notably in the colporrha-
phy group. At the 1-year assessment, symptoms of 
stress urinary incontinence were significantly more 
bothersome in the mesh-repair group than in the 

Table 2. Primary and Secondary Outcome Measures after Colporrhaphy versus Mesh Repair for Anterior Vaginal-Wall Prolapse.

Outcome Measure
Colporrhaphy Group

(N = 189)
Mesh-Repair Group

(N = 200)
Treatment Effect

(95% CI)* P Value

percentage points

Successful composite primary outcome — no. of patients/ 
total no. (%)†

At 2 mo 88/178 (49.4) 138/190 (72.6) 23.2 (12.9 to 33.4) <0.001

At 1 yr 60/174 (34.5) 107/176 (60.8) 26.3 (15.6 to 37.0) <0.001

Prolapse stage 0 or 1 — no. of patients/total no. (%)

At 2 mo 113/186 (60.8) 170/194 (87.6) 26.8 (17.9 to 35.8) <0.001

At 1 yr 87/183 (47.5) 153/186 (82.3) 34.8 (25.1 to 44.3) <0.001

No symptom of vaginal bulge — no. of patients/total no. (%)

At 2 mo 136/178 (76.4) 159/193 (82.4) 6 (−2.8 to 14.8) 0.16

At 1 yr 108/174 (62.1) 135/179 (75.4) 13.3 (3.2 to 23.5)  0.008

UDI summary score — mean (95% CI)‡

At 2 mo 41.2 (34.1 to 48.3) 51.2 (44.1 to 58.2) 10.0 (−0.01 to 20.0) 0.05

At 1 yr 53.6 (45.9 to 61.2) 53.6 (45.9 to 61.2) 0.03 (−10.8 to 10.8) 0.99

UDI-I subscale — mean (95% CI)

At 2 mo 17.2 (14.6 to 19.9) 20.9 (18.4 to 23.5) 3.67 (0.0 to 7.4) 0.05

At 1 yr 23.2 (20.4 to 26.0) 22.2 (19.5 to 24.9) −1.0 (−4.9 to 2.9) 0.62

UDI-S subscale — mean (95% CI)

At 2 mo 17.6 (13.7 to 21.4) 24.3 (20.4 to 28.1) 6.71 (1.3 to 12.2) 0.02

At 1 yr 17.7 (13.9 to 21.4) 24.2 (20.5 to 28.0) 6.6 (1.3 to 11.9) 0.02

UDI-O subscale — mean (95% CI)

At 2 mo 7.3 (5.7 to 9.0) 8.3 (6.6 to 9.9) 0.9 (−1.4 to 3.4) 0.43

At 1 yr 12.3 (10.3 to 14.3) 8.7 (6.7 to 10.7) −3.6 (−6.4 to −0.8) 0.01

PISQ-12 summary score — mean (95% CI)§

At 1 yr 35.1 (33.7 to 36.4) 35.0 (33.7 to 36.4) −0.01 (−1.9 to 1.9) 0.99

* Treatment effect refers to difference between proportions or the mean difference between the colporrhaphy group and the mesh-repair 
group on the basis of the analysis of covariance model. CI denotes confidence interval.

† The primary composite outcome measure was defined as a combination of Pelvic Organ Prolapse Quantification (POP-Q) stage 0 or 1 
(i.e., the anterior vaginal wall is positioned more than 1 cm above the hymen) and the absence of patient-reported vaginal bulging.

‡ Responses to the Urogenital Distress Inventory (UDI) questionnaire were combined to form overall scores; higher scores indicate more 
 severe symptoms of distress. The maximum score is 300 for the UDI (with each subscale having a total score of 100). The three subscales 
of the UDI reflect different domains of urogenital dysfunction: irritative symptoms (UDI-I), stress symptoms (UDI-S), and obstructive dis-
comfort (UDI-O).

§ Responses on the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ-12) were combined to form an overall score 
(maximum score = 48); higher scores indicate better sexual function.
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colporrhaphy group (P = 0.02), whereas obstructive 
symptoms were less bothersome (P = 0.01); there 
were no significant between-group differences 
in irritative symptoms at 1 year. New stress uri-
nary incontinence occurred in 11 of 176 patients 
(6.2%) in the colporrhaphy group versus 22 of 179 
(12.3%) in the mesh-repair group (P = 0.05).

At 1 year, the mean PISQ-12 scores were mod-
estly improved as compared with baseline scores 
and were similar in the two groups (Table 2). When 

we analyzed individual outcomes that might be 
affected differently after the two types of inter-
ventions, pain during sexual intercourse was re-
ported to occur “usually” or “always” by 2% of the 
women after colporrhaphy and by 7.3% after trans-
vaginal mesh surgery (P = 0.07). When the patients 
were asked how satisfied they were with their sex-
ual relationships with their partners, 40% of the 
colporrhaphy group and 48% of the mesh-repair 
group answered “usually” or “always” (P = 0.37).

Table 3. Odds of Treatment Success for Primary Outcome in Relation to Baseline Characteristics at 1 Year after Surgery.*

Variable

Colporrhaphy 
Group

(N = 189

Mesh-Repair 
Group 

(N = 200)
Treatment Effect†

(95% CI)

Crude 
Odds Ratio

(95% CI)

Adjusted 
Odds Ratio
(95% CI)‡

P Value for 
Interaction

no. of patients (%)

All patients 60/174 (34.5) 107/176 (60.8) 26.3 (15.6 to 37.0) 2.9 (1.9 to 4.6) 3.6 (2.2 to 5.9)

Age at operation

32–58 yr 14/45 (31.1) 27/48 (56.2) 25.1 (3.5 to 46.8) 2.8 (1.2 to 6.8) 2.6 (1.1 to 6.5) 0.80

59–64 yr 16/43 (37.2) 28/47 (59.6) 22.4 (0.0 to 44.7) 2.5 (1.1 to 5.9) 2.6 (1.1 to 6.3)

65–71 yr 18/44 (40.9) 28/40 (70.0) 29.1 (6.4 to 51.8) 3.4 (1.4 to 8.6) 3.4 (1.4 to 8.9)

72–91 yr 12/42 (28.6) 24/41 (58.5) 29.9 (7.2 to 52.7) 3.5 (1.4 to 9.0) 4.2 (1.6 to 11.3)

Body-mass index§

<25 31/86 (36.0) 43/58 (74.1) 38.1 (21.5 to 54.7) 5.1 (2.5 to 10.9) 5.1 (2.5 to 11.1) 0.53

25–30 21/58 (36.2) 46/78 (59.0) 22.8 (4.8 to 40.8) 2.5 (1.3 to 5.2) 2.8 (1.4 to 5.8)

>30 3/13 (23.1) 8/20 (40.0) 16.9 (−20.8 to 54.7) 2.2 (0.5 to 12.3) 5.0 (0.7 to 58.5)

Parity

≤1 childbirth 7/18 (38.9) 12/25 (48.0) 9.1 (−25.5 to 43.7) 1.5 (0.4 to 5.1) 3.1 (0.6 to 18.7) 0.23

≥ 2 childbirths 51/151 (33.8) 93/149 (62.4) 28.6 (17.1 to 40.1) 3.3 (2.0 to 5.3) 3.8 (2.3 to 6.4)

No previous anterior vaginal-wall 
repair

55/149 (36.9) 93/148 (62.8) 25.9 (14.3 to 37.6) 2.9 (1.8 to 4.7) 3.3 (2.0 to 5.6) 0.63

Recurrent anterior vaginal-wall 
prolapse

5/25 (20.0) 14/28 (50.0) 30 (1.9 to 58.1) 4.0 (1.2 to 14.8) 5.9 (1.6 to 26.8)

Previous pelvic-floor surgery

No 37/115 (32.2) 69/106 (65.1) 32.9 (19.6 to 46.3) 3.9 (2.3 to 6.9) 4.5 (2.4 to 8.7) 0.10

Yes 23/59 (39.0) 38/70 (54.3) 15.3 (−3.3 to 33.9) 1.9 (0.9 to 3.8) 2.9 (1.3 to 6.8)

Previous hysterectomy

No 49/140 (35.0) 83/134 (61.9) 26.9 (14.8 to 39.1) 3.0 (1.9 to 5.0) 3.6 (2.1 to 6.3) 0.88

Yes 11/34 (32.4) 24/42 (57.1) 24.7 (0.4 to 49.2) 2.8 (1.1 to 7.4) 4.6 (1.5 to 15.7)

Prolapse at baseline

Stage 2 40/95 (42.1) 54/87 (62.1) 20 (4.6 to 35.3) 2.2 (1.2 to 4.1) 2.7 (1.4 to 5.4) 0.09

Stage 3 18/77 (23.4) 52/87 (59.8) 36.4 (21.2 to 51.6) 4.9 (2.5 to 9.8) 7.0 (3.3 to 16.2)

* Treatment success for the primary outcome was defined as Pelvic Organ Prolapse Quantification (POP-Q) stage 0 or 1 (i.e., the anterior vagi-
nal wall is positioned more than 1 cm above the hymen) and the absence of patient-reported vaginal bulging. Each row in the table indicates 
the  result of a distinct logistic-regression analysis. CI denotes confidence interval.

† Treatment effect is the difference (in percentage points) between the colporrhaphy group and the mesh-repair group.
‡ The analysis was adjusted for age, body-mass index, number of childbirths, and previous repair of the anterior vaginal wall unless the vari-

able was the subgroup-defining variable.
§ The body-mass index is the weight in kilograms divided by the square of the height in meters.
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Adverse Events

The mesh-repair group, as compared with the 
colporrhaphy group, had a significantly longer 
mean duration of surgery (52.6 vs. 33.5 minutes, 
P<0.001), greater mean intraoperative blood loss 
(84.7 vs. 35.4 ml, P<0.001), and more frequent need 
for intraoperative cystoscopy (P = 0.006) (Table 4). 
More bladder perforations occurred in the mesh-
repair group than in the colporrhaphy group (7 vs. 
1, P = 0.07). In the mesh-repair group, one patient 
had pelvic hemorrhage with blood loss in excess 
of 1000 ml, and blood loss exceeded 500 ml in 
four other patients. Inguinal pain and bladder-
emptying difficulties during the hospital stay were 
more common after mesh repair than after colpor-
rhaphy (P = 0.06 for pain and P = 0.05 for urine 
retention).

Adverse events during the first 2 months of 
follow-up were generally transient, and urinary 
tract infections, pelvic pain, and urine retention 
predominated. Five patients in the mesh-repair 
group reported severe pelvic pain at 2 months as 
compared with one patient in the colporrhaphy 
group (P = 0.22); in all except one of these patients 
(who was in the mesh-repair group), the pain had 
resolved spontaneously by the 1-year follow-up 
visit. At 12 months, 5 of 186 patients in the mesh-
repair group (2.7%) had undergone surgery for 
stress incontinence (P = 0.06), and 6 (3.2%) had 
undergone vaginal wound revision (in all cases to 
correct mesh exposure) (P = 0.03). One patient (in 
the colporrhaphy group) underwent a second an-
terior repair for prolapse recurrence. Two deaths 
(one in each treatment group) occurred during 
the follow-up period (at 5 and 10 months postop-
eratively), and both were attributed to cardiovas-
cular disease.

Discussion

In this randomized, controlled trial, use of a stan-
dardized trocar-guided mesh kit for cystocele re-
pair, as compared with traditional anterior colpor-
rhaphy, resulted in a higher success rate, on the 
basis of a composite of objective and subjective 
outcomes, and a lower risk of prolapse recurrence. 
The favorable main treatment effect of the trans-
vaginal mesh repair was observed at both 2 months 
and 1 year postoperatively and persisted even after 
the imputation of missing data to the disadvantage 
of the mesh kit. Nevertheless, use of the trocar-
guided mesh kit also resulted in higher rates of 

adverse events, including bladder perforations, 
pelvic hemorrhage, and mesh-related complica-
tions. Our results highlight the need for a careful 
evaluation of surgical innovations,16,17 which are 
often widely adopted in the absence of data from 
clinical trials.

It is difficult to compare the anatomical and 
functional outcomes in our study with those re-
ported in other randomized trials, owing to dif-
ferences in surgical procedures, implant materials, 
and outcome measures.5-7,18,19 Nonetheless, the 
majority of studies suggest that the use of syn-
thetic mesh for cystocele repair decreases the risk 
of recurrence.20 The anatomical success rates in 
our trial were similar to those in other studies 
with similar follow-up periods: 79 to 95% for 
trocar-guided transvaginal mesh15,16,21,22 and 30 
to 60% for colporrhaphy.5-7 Not surprisingly, our 
success rates were lower for both surgical tech-
niques when the assessment combined objective 
and subjective measures and applied a strict bina-
ry definition of success. Theoretically, the place-
ment of a permanent mesh implant may be par-
ticularly useful in women whose native vaginal 
tissues are of “poor quality” (i.e., those with recur-
rent or advanced stages of prolapse).23-25 Analyses 
of these factors and other baseline patient char-
acteristics showed no significant interactions with 
the study treatment, although the statistical pow-
er of these analyses was limited.

The trocar-guided mesh kit creates a trampo-
line-like suspension of the anterior vaginal wall, 
which may overcorrect the position of the bladder 
neck and urethra, resulting in stress urinary incon-
tinence. We found higher scores for stress incon-
tinence and a higher frequency of new stress in-
continence after the transvaginal mesh procedure, 
as compared with colporrhaphy. These results are 
consistent with urodynamic studies showing sig-
nificantly lower maximal urethral closing pres-
sures after use of a transvaginal mesh kit, as com-
pared with colporrhaphy.26 It is important for 
patients to understand this risk, since patients 
who are prepared for the possibility of adverse 
effects have a higher degree of satisfaction, regard-
less of the objective outcomes.27 Other aspects of 
lower urinary tract function improved after trans-
vaginal mesh surgery, as evidenced by lower 
scores for bothersome obstructive symptoms, as 
compared with the scores after colporrhaphy. Ef-
fects of the procedures on irritative symptoms 
were similar in the two treatment groups.
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Other studies have yielded conflicting results 
with respect to sexual dysfunction after surgery 
with the use of a trocar-guided mesh kit, with 
some studies showing an increased risk of dyspa-
reunia,28 and others showing no change29 or an 
improvement in this symptom.30 However, these 
studies were underpowered or limited by a lack 
of controls. We found an increase in dyspareu-
nia after the use of trocar-guided mesh repair, 

as compared with colporrhaphy, although overall 
reported satisfaction with sexual life was similar 
in the two treatment groups.29

The rate of serious surgical complications at-
tributed to the mesh kit in our trial (4%) was sim-
ilar to the rates in earlier multicenter studies (3.4% 
and 4.4%).16,17 The longer duration of surgery, 
more frequent use of intraoperative cystoscopy, and 
greater frequency of bladder perforations and pel-

Table 4. Surgical Characteristics and Adverse Events for the Colporrhaphy and Mesh-Repair Groups.*

Variable
Colporrhaphy Group

(N = 189)
Mesh-Repair Group

(N = 200) P Value†

Surgical procedure other than allocated — no. of patients (%) 7 (3.7) 9 (4.5) 0.80

Surgical characteristics

General anesthesia — no. of patients (%) 58 (30.7) 83 (41.5) 0.03

Regional anesthesia — no. of patients (%) 98 (51.8) 115 (57.5) 0.31

Local anesthesia — no. of patients (%) 31 (16.4) 11 (5.5) 0.001

Operation time — min 33.5 (±10.5) 52.6 (±16.5) <0.001

Estimated blood loss — ml 35.4 (±35.4) 84.7 (±163.5) <0.001

Complications during surgery — no. of patients (%)

Bladder perforation 1 (0.5) 7 (3.5) 0.07

Blood loss in excess of 500 ml 0 4 (2.0) 0.12

Blood loss in excess of 1000 ml 0 1 (0.5) 1.00

Intraoperative cystoscopy 1 (0.5) 11 (5.5) 0.006

Intraoperative ventricular fibrillation 0 1 (0.5) 0.49

Hospital stay — days 1.6 (±1.1) 1.8 (±1.2) 0.07

Adverse events during hospital stay — no. of patients (%)

Inguinal pain‡ 0 5 (2.5) 0.06

Urinary tract infection 4 (2.1) 4 (2.0) 1.00

Cardiovascular disease§ 2 (1.1) 3 (1.5) 1.00

Anemia 0 1 (0.5) 1.00

Infection of unclear origin 0 1 (0.5) 1.00

Retropubic hematoma 0 1 (0.5) 1.00

Bladder-emptying difficulties 6 (3.2) 16 (8.0) 0.05

Catheter after hospital stay 0 2 (1.0) 0.50

Vaginal reoperation 0 2 (1.0) 0.50

Adverse events related to surgical procedure between hospital  
discharge and 2 mo — no. of patients (%)

Urinary tract infections 4 (2.1) 8 (4.0) 0.38

Urinary retention treated with catheter 2 (1.1) 3 (1.5) 1.00

Vaginal wound bleeding 1 (0.5) 1 (0.5) 1.00

Vaginal dehiscence 1 (0.5) 1 (0.5) 1.00

Pelvic or genital pain‡ 1 (0.5) 5 (2.5) 0.22

Other event  3 (1.6) 2 (1.0) 0.68
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vic hemorrhage associated with mesh repair in 
our study are consistent with the more invasive 
nature of this procedure as compared with col-
porrhaphy. Surgery to address mesh complica-
tions was reported in 3% of the women random-
ly assigned to the mesh procedure. This is higher 
than the complication rates reported after the 
use of midurethral sling procedures for inconti-
nence31 but lower than in another study of the 
use of transvaginal mesh for prolapse surgery.22 
Although the study populations may not be di-
rectly comparable, the low rate of mesh compli-
cations in our trial may be attributed at least in 
part to the antibiotic prophylaxis and local estro-
gen therapy provided to the patients and the su-
pervised training sessions for all participating 
surgeons. Patients should understand, however, 
that the use of mesh may cause complications 
even after the immediate postoperative period.

Our study had some limitations. The postop-
erative assessors were aware of the treatment as-
signments, and it is possible that the surgeons’ 
beliefs about mesh kits influenced their assess-
ments. However, the observation that patients’ sub-
jective ratings were also better in the mesh group 

than in the colporrhaphy group supports the main 
results. Although the vaginal apex is often involved 
in large cystoceles,32 anterior mesh kits are not 
intended to suspend the vaginal apex but rather 
to support the anterior vaginal wall.33 The appar-
ent lack of effect of apical descensus on the out-
comes after cystocele repair may reflect the small 
number of patients in our trial who had clinically 
significant prolapse of the upper vagina and should 
be interpreted with caution.

In summary, use of a standardized trocar-
guided transvaginal mesh kit resulted in a signifi-
cantly higher rate of treatment success than did 
traditional colporrhaphy for repair of anterior 
vaginal-wall prolapse. When one is counseling 
patients regarding surgical options, the benefits of 
the mesh kit must be balanced against the higher 
rates of surgical complications and postoperative 
adverse events associated with this approach.
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Table 4. (Continued.)

Variable
Colporrhaphy Group

(N = 189)
Mesh-Repair Group

(N = 200) P Value†

Adverse events related to surgical procedure between 2 mo and 1 yr 
— no. of patients (%)

Urinary tract infections 1 (0.5) 3 (1.5) 0.62

Surgery for stress urinary incontinence 0 5 (2.5) 0.06

Surgery for prolapse recurrence 1 (0.5) 0 0.49

Revision of vaginal wound for mesh exposure 0 6 (3.0) 0.03

Pelvic or genital pain‡ 0 1 (0.5) 1.00

Deaths¶ 1 (0.5) 1 (0.5) 1.00

* Plus–minus values are means ±SD.
† P values were calculated with the use of Fisher’s exact test.
‡ During the initial hospital stay, information on inguinal pain was systematically obtained by means of a standardized set of questions to the 

surgeon. At 2 months and 1 year, information on adverse events that occurred between the two follow-up visits was systematically queried 
with the use of standardized questionnaires received from the patients.

§ This category included one case of hypotension and one case of angina in the colporrhaphy group and two cases of tachycardia and one 
case of chest palpitations in the mesh-repair group.

¶ Two patients died during follow-up, one in each treatment group. Both deaths were attributed to cardiovascular disease, which occurred at 
5 months (in an 87-year-old patient in the colporrhaphy group) and at 10 months (in an 83-year-old patient in the mesh-repair group) after surgery.
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