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Abstract
Introduction and hypothesis To prospectively evaluate
the use of a particular polypropylene Y mesh for robotic sacrocolpopexy.
Methods This was a prospective study of 120 patients who
underwent robotic sacrocolpopexy. We compared preoperative and 12-month postoperative objective and subjective
assessments via the Pelvic Organ Prolapse Quantification
(POP-Q), the Pelvic Floor Distress Inventory, Short Form 20
(PFDI-20); the Pelvic Floor Impact Questionnaire, Short Form
7 (PFIQ-7); and the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire 12 (PISQ-12). Objective “anatomical success” was defined as POP-Q stage 0 or 1 at all
postoperative intervals. We further defined “clinical cure” by
simultaneously considering POP-Q points and subjective
measures. To be considered a “clinical cure,” a given patient
had to have all POP-Q points ≤0, apical POP-Q point C ≤5, no
reported pelvic organ prolapse symptoms on the PFDI-20, and
no reoperation for prolapse at all postoperative intervals.
Results Of the 120 patients, 118 patients completed the
1-year follow-up. The objective “anatomical success” rate
was 89 % and the “clinical cure” rate was 94 %. The PFDI20 mean score improved from 100.4 at baseline to 21.0 at
12 months (p<0.0001); PFIQ-7 scores improved from 61.6
to 8.0 (p<0.0001); and PISQ-12 scores improved from 35.7
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to 38.6 (p <0.0009). No mesh erosions or mesh-related
complications occurred.
Conclusion The use of this ultra-lightweight Y mesh for
sacrocolpopexy, eliminated the mesh-related complications
in the first postoperative year, and provided significant
improvement in subjective and objective outcomes.
Keywords Light-weight mesh . Polypropylene Y mesh .
Robotic sacrocolpopexy

Introduction
The sacrocolpopexy surgical procedure involves the placement of a bridge of graft material to attach the prolapsed
vagina to the anterior longitudinal ligament of the sacrum.
The use of mesh was initially advocated by Lane in 1962 to
overcome excessive tension on the vagina [1]. Given its
efficacy, durability, and reproducibility, the operation was
widely adopted and dubbed the “gold standard prolapse
operation” at the turn of the second millennium [2]. While
the basics of the surgery have remained the same, advances
have been made in surgical access point and in the material
used. Many different graft materials have been used over the
past half century, yet none has emerged as the “perfect
material”; thus, the quest for the ideal graft continues [2,
3]. Currently, type-1 polypropylene mesh is the most widely
used material for sacrocolpopexy. Not all type-I polypropylene mesh products are the same. As Dr Ostergard explained
in his 2010 commentary, there are many factors involved in
the ultimate fate of the implanted polypropylene mesh [4].
Such mesh-related factors include: density, filament size,
elasticity, pore size, surface area, and overall “mesh load.”
Even when type-1 polypropylene mesh is used, graft-related
complications such as exposure, pain, and dyspareunia remain the most common complications associated with the
sacrocolpopexy procedure.
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Table 1 Demographic data
Variable

Value (N=120)

Age (mean ± SD)
BMI (mean ± SD)
Caucasian race (number, %)
Vaginal parity (median, range)
Prior hysterectomy (number, %)
Prior continence surgery (number, %)
Prior prolapse surgery (number, %)
Smokers (number, %)

56.63 (±7.85)
26.02 (±3.98)
111 (91.6 %)
2 (1–5)
32 (26.7 %)
5 (4.2 %)
15 (12.5 %)
5 (4.2 %)

Post-menopausal (number, %)
Use of hormone replacement (number, %)

90 (75.0 %)
9 (7.5 %)

Recently, biomechanical engineers working with type-1
polypropylene have focused on reducing overall “mesh load”
while maintaining durability. These efforts seem to stem from
a belief that—when it comes to synthetic graft material
to support the vagina—lighter is better. However, simply handling these ultra-lightweight grafts can leave a
surgeon asking, “How light is too light?” Such questions can only be answered through clinical research.
One ultra-lightweight mesh, Restorelle Y Smartmesh™
(technology-density 18.69 g/m2, Coloplast A/S, Humlebæk,
Denmark), has been widely adopted for sacrocolpopexy; yet
no long-term prospective studies have been published regarding its efficacy.
The FDA safety communications regarding the use of
mesh in prolapse repair and the ensuing debate is a clear
reminder that any new product seeking to be a “game
changer” should be subject to a clinical trial [5, 6]. Therefore, our study was designed to prospectively evaluate the
use of “Restorelle Y” ultra-lightweight polypropylene Y
mesh for robotic-assisted laparoscopic sacrocolpopexy.

Materials and methods
This single-arm prospective study was approved by the Atlantic Health System institutional review board (R09-06-005)
Table 2 Anatomical outcomes:
POP-Q measurement

POP-Q measurement

Aa
Ba
C
Ap
Bp

and was listed on the clinical trials.gov web site (identifier
NCT01320618). During the 11-month study period, all women with stage II or greater apical prolapse scheduled to undergo a robotic sacrocolpopexy were included in the study.
All outcome measures were collected by our clinical
research nurse at baseline, 6 months, and 1 year postoperatively. Anatomical measures were obtained using the Pelvic
Organ Prolapse Quantification (POP-Q) system [7]. Pelvic
floor disorder symptoms and impact measures included the
Incontinence Severity Index, the Pelvic Floor Distress Inventory, Short Form (PFDI-20), the Pelvic Floor Impact
Questionnaire-Short Form (PFIQ-7), the Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire (PISQ12), and the Surgical Satisfaction Questionnaire (SSQ-8)
[8–11]. Postoperative vaginal examinations specifically noted whether the mesh or its edges were palpable through the
vaginal wall in the absence of mesh exposure. Demographic
data included age, body mass index, ethnicity, prior hysterectomy or prolapse surgery, and smoking and menopausal
status. Operative data were collected prospectively including: total operative time, blood loss, concomitant supracervical hysterectomy, concomitant suburethral sling or
perineorrhaphy, length of stay, hospital readmissions, and
blood transfusions. Total operative time was defined as the
time between abdominal skin incisions to skin closure. Wound
infections/separation/hernia, febrile illnesses, laparotomy conversions, intraoperative complications, and mesh-related complications were all reported as adverse events.
Each robotic sacrocolpopexy was performed using the
daVinci Surgical System (intuitive Surgical, Sunnyvale, CA,
USA) following a previously described technique [12]. A
robotic supracervical hysterectomy was performed if a uterus was present, and then the cervix was grasped with a
robotic tenaculum, which in turn was used to manipulate
the vagina. This technique allowed full dissection and suturing without any vaginal instrumentation. In posthysterectomy cases, a Lucite vaginal probe was held in the
vagina during dissection and suturing. The vesicovaginal
space was sharply developed to within 1 cm from the
bladder neck, and the rectovaginal space was developed to
the level of the perineal body. This technique provided 4–

Preoperative (n=120)

12 months postoperative
(n=118)

Mean

Median (range)

Mean

Median (range)

0.9
1.4
−0.9
−1
−0.7

1 (−2
1 (−2
−1 (−4
−1 (−3
−1 (−3

−2.4
−2.4
−8.8
−2.6
−2.6

−3 (−3 to 0)
−3 (−3 to 0)
−9 (−10 to −4)
−3 (−3 to 0)
−3 (−3 to 0)

to
to
to
to
to

3)
9)
10)
3)
9)

p value Wilcoxon signed
rank test

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
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Table 3 Anatomical outcomes: POP-Q stage
POP-Q stage

0–1
2
3
4

Number of patients
Preoperative

Number of patients
12 months postoperative

0
53
65
2

105
12
1
0

6 cm of anterior coverage and 8–10 cm of posterior coverage, with each dissection pane measuring 4–6 cm wide. The
mesh was sutured to the cervix and vagina using polytetrafluroethylene (CV4 Gore-Tex suture on TH-26 needle; Gore
Medical Products Division, Flagstaff, AZ, USA). The proximal end of the Y mesh was attached to the anterior longitudinal ligament at the level of the sacral promontory using
two sutures of zero-gauge braided polyester (Ethibond on
SH needle, Ethicon, San Antonio, TX, USA). Appropriate
tensioning was determined by a vaginal examination at the
time of attachment ensuring adequate correction of the prolapse without undue strain. The peritoneum was approximated
over the mesh using zero-gauge poliglecaprone (Monocryl on
CT1 needle; Ethicon, San Antonio, TX, USA). Suburethral
sling and perineorrhaphy were the only concomitant procedures performed at the primary surgeon’s discretion.
The primary outcome measure was “anatomical success”
using the NIH definition of cure (POP-Q stage 0 or 1) [13].
In addition, we defined “clinical cure“ as a combination of
objective and subjective measures requiring the following
four criteria: all POP-Q points ≤0; apical POP-Q point C ≤5;
the absence of pelvic organ prolapse symptoms as
reported on the PFDI-20 question 3 (do you usually
have a bulge or something falling out that you can
see or feel in the vaginal area?); no prolapse reoperation
during the study period.
Statistical analysis was performed using SAS 9.2 (SAS,
Cary, NC, USA). The analysis of the primary outcome was
performed using Wilcoxon signed rank test and paired t test.
Additionally, Chi-squared and Fisher’s exact test were used
with the alpha value set at 0.05.
Table 4 Quality of life
questionnaires

Questionnaire
PFDI-20 (mean ± SD)
Prolapse subscale

PFDI-20 Pelvic Floor Distress
Inventory, Short Form 20, PFIQ7 Pelvic Floor Impact Questionnaire, Short Form 7, PISQ-12
Pelvic Organ Prolapse/Urinary
Incontinence Sexual Questionnaire 12

Results
A total of 120 consecutive patients underwent a roboticassisted laparoscopic sacrocolpopexy at our institution from
June 2009 till May 2010 using the Restorelle™ Y mesh. Of
these 120 patients, 118 (98.3 %) completed the 1-year
postoperative follow-up. Table 1 outlines the demographic
data for the study group. The mean total operating time was
161±29 min and mean blood loss was 49 ml (25–100 ml).
Concomitant procedures included 88 patients (73.3 %) who
underwent a supracervical hysterectomy, 85 patients (70 %)
who received a suburethral sling, and 27 (22 %) who had a
perineorrhaphy. There were no cystotomies no bowel injuries, no conversions to laparotomies, and no blood transfusions. All patients were discharged home on postoperative
day 1 and did not experience any wound-related complications or infectious morbidities. One patient was readmitted
on postoperative day 3 for a postoperative ileus that resolved with conservative measures. There were no sacrocolpopexy mesh-related complications, no exposures or
erosions, and no reoperations due to the mesh. Additionally,
the mesh was not palpable on any of the postoperative
vaginal examinations; in other terms, the examiner was
never able to guess the specific limits of the vaginal area
covered by the mesh.
As to the primary outcome of the study, the “anatomical
success” rate was 89 %. Using the alternative combined
definition of cure, 94 % of patients met all four criteria for
“clinical cure”: Tables 2 and 3 details the pre- and postoperative comparisons for POP-Q measurements. There was a
highly significant improvement in the anterior, posterior, and
apical compartments. A similar improvement was noted for
the subjective measures including the PFDI-20, the PFIQ-7,
the PISQ-12, and the Incontinence Severity Index (Table 4).
Patients responded favorably to the surgical satisfaction questionnaire (SSQ-8) with a 97 % satisfaction rate.
During the 12-month postoperative follow-up, 5 patients
(4.1 %) required a suburethral sling insertion for new onset
stress incontinence and 1 patient required reoperation for
prolapse. Overall, urinary symptoms were vastly improved
as demonstrated by the significant improvement in the
Preoperative 12 months postoperative p value (paired t test)
99.1±54.4
41.5±23.3

Urinary subscale
37.3±24.2
PFIQ-7 (mean ± SD)
60.97±57.4
Prolapse subscale
23.7±25.5
Urinary subscale
26.7±26.4
PISQ-12 (mean ± SD)
35.7±5.7
Incontinence Severity Index (mean ± SD)
2.2±2.4

22.5±25.26
5.6±8.8
9.1±13.4
7.75±26.9
1.8±7.9
3.5±12.1
38.74±4.8
1.1±1.8

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0009
<0.0001

1374

Incontinence Severity Index (2.2 vs 1.1; p<0.0001) and
UDI-6 (37.3 vs 9.1 p<0.0001). One patient (0.8 %) developed new onset frequency/urgency, which responded well to
conservative measures. Another patient continued to experience incomplete bladder emptying and required revision of
a previously placed suburethral sling.
Preoperatively, 77 patients (64 %) were sexually active.
Postoperatively 75 patients (63 %) were sexually active.
During the study period, 7 women ceased sexual intercourse
and 5 women became sexually active. The majority of
women who discontinued sexual intercourse did so because
of partner- or couple-related issues and none of them complained of dyspareunia. Similarly, none of the women who
became sexually active complained of painful intercourse.
At baseline, 9 women complained of pain during sexual
intercourse; of these 9 women, 2 continued to have this
complaint at 1 year postoperatively. Only 2 patients developed new onset dyspareunia after sacrocolpopexy for a rate
of 2.6 %. Finally, preoperatively, 39 of the sexually active
women (51 %) responded by “sometimes,” “usually,” or
“always” to PISQ question 8 (do you avoid sexual intercourse because of bulging in the vagina?) as opposed to
none (0 %) at 1 year after sacrocolpopexy.

Discussion
The use of an ultra-lightweight polypropylene Y mesh produced significant anatomical and functional improvements.
These results compare favorably with previous reports for
open, laparoscopic, and robotic sacrocolpopexies [14–16]. As
expected, the robotic-assisted laparoscopic approach was associated with a very low morbidity rate. Recent studies suggest
that total hysterectomy at the time of sacrocolpopexy is associated with a higher mesh exposure rate and that is why we
only performed supracervical hysterectomies [17]. However,
even studies in which a total hysterectomy was avoided at the
time of sacrocolpopexy still reported mesh-related complications [15, 17, 18]. The lack of mesh-related complications
within the first postoperative year is a remarkable finding,
suggesting a potential qualitative difference in the way in
which the lighter mesh interacts with the surrounding tissue.
Additionally, our clinical research nurse was unable to palpate
the borders of the implanted mesh during any of her examinations. While somewhat subjective, this finding remains compelling. It is not clear, though, whether this feature would
translate into any direct clinical benefit. Similar to other sexual
function studies after sacrocolpopexy, the PISQ-12 sexual
function scores significantly improved at 1 year. The rate of
new onset dyspareunia was very small (2.6 %), the mesh was
not exposed in these 2 women, nor was it palpable. Both
patients underwent a concomitant supracervical hysterectomy
and suburethral sling and 1 patient had a perineorrhaphy at the
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time of sacrocolpopexy. The perineorrhaphy patient responded
well to trigger point injection into her levator muscle and to
vaginal estrogen/massage therapy. The other patient only required vaginal estrogen.
We only performed a suburethral sling on patients who
demonstrated stress urinary incontinence on preoperative urodynamic studies and at the discretion of the operating surgeon,
hence the need for a sling placement in 5 women who developed post-operative new onset/worsening stress incontinence.
The prospective nature of our study, the inclusion of all
consecutive patients and the high rate of follow-up strengthen the value of our results. Outcome measures including
postoperative examinations were collected by our clinical
research nurse (not the operating surgeon). Additionally,
there was consistent use of suture material and surgical
technique throughout the study period. The robotic sacrocolpopexy was performed by two experienced fellowship
trained urogynecologists who were well beyond their learning curve and consistently performing over 6 (range 6 to 10)
procedures per month, which could limit the generalizability
of these findings. The lack of a comparative arm, randomization, and blinding were the major limitations of the study.
Although comparative studies are preferable, wellconducted prospective single-arm trials are of great value in
the study of implantable devices. As new pelvic floor implants
make their way to market they should be subjected to vigorous
prospective safety and efficacy trials. At the very least, studies
like ours establish much-needed baseline data that can later be
used to construct randomized clinical trials.
Finally, based on this study, the use of this ultra-lightweight
Y mesh eliminated the mesh-related complications in the first
postoperative year without sacrificing the efficacy of the sacrocolpopexy. Future studies with longer follow-up are required to confirm these promising 1-year results.
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