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A B S T R A C T

Objective: to evaluate the mid-term safety and efficacy of a surgical technique using an anchorless
implant.
Study design: This is a prospective study. Women with symptomatic POP were recruited. The technique
involved placement of an open trapezoid-shaped frame which retains a polypropylene mesh stretched
within its parameter. No fixation techniques used. Demographic data and pre-operative quality of life
(QoL) questionnaires were collected. Peri-operative data were documented. Patients were followed at 2,
6, 12, 24 and 36 months. Follow-up included repeated QoL questionnaires, Pelvic Organ Prolapse-
Quantification (POP-Q) measurements and assessment for possible complications.
Results: Seventy women were recruited. Mean age was 63.1 years, mean parity was 4.6 deliveries. Mean
pre-operative POP-Q were Ba = 3.1 (-1 to 6) cm and C = 0.4 (-8 to 6) cm. No intra-operative complications
were observed. Surgical time averaged 24.7 min. Estimated blood loss averaged 155 cc. Mean follow up at
last visit was 27.7 months. Two patients (2.8 %) underwent partial frame resection and two patients (2.8
%) underwent a TVT-O for de-novo stress urinary incontinence (SUI). At follow-up, the mean POP-Q were
Ba= -2.8 (-3 to -1) cm and C = -6.8 (-10 to 1) cm. Two patients (2.8 %) had recurrent prolapse. One was
symptomatic and received treatment. No mesh erosion or chronic pelvic pain were documented. Pelvic
Function Distress Inventory (PFDI20) scores showed significant improvement. Thirty-eight (54 %)
patients completed the Pelvic organ prolapse/Urinary Incontinence Sexual Questionnaire (PISQ12)
showing no chronic dyspareunia.
Conclusion: The Self Retaining Support (SRS) implant provides 97 % subjective and 94.3 % objective cure.
Two patients (2.8 %) had the implant’s frame removed surgically. The SRS is a safe and effective treatment
for pelvic organ prolapse.

© 2020 Elsevier B.V. All rights reserved.
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Introduction

Since the FDA alerts on vaginal mesh complications were issued
in 2008 and 2011 [1], surgeons reduced the use of vaginal meshes
and reverted to native tissue repair (NTR) and sacrocolpopexy as
the preferred approach for POP repair. Even after the success rate
criteria were changed to include subjective outcome, the long-
term success rate of NTR or sacrocolpopexy is still not optimal [2].
The use of vaginal mesh in Pelvic Organ Prolapse (POP) surgery has
been shown to provide superior anatomical results when
compared with native tissue repair, but has been associated with
high complications rate, i.e. organ perforation, bleeding, mesh
erosion, mesh contraction and pain [3]. Data on complications of
vaginal mesh surgery have originated in studies on mesh implants
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which require anchoring to pelvic myofascial structures. Clinical
evidence supports the assumption that the anchoring process and
not the mesh itself may be responsible for such complications [4].
Therefore, in order to keep the benefits of vaginal meshes while
minimizing complications the anchoring technique needs to be
revised. Creating a replacement for the damaged pubo-cervical
fascia (PCF) requires accurate imitation of the physiologic shape
and attachments of this unique structure. This structure is
stretched between the arcus-tendineus-fascia-pelvic (ATFP) on
both sides of the pelvic wall, along the interior surface of the
internal obturator muscles. The distal attachment is located at the
inner aspect of the pubic bone. The new concept involves an
anchorless placement of an implant which accurately imitates this
physiologic support system. The implant (Self Retaining Sup-
port = SRS) consists of a flat, stretched, ultra-light polypropylene
net, which serves as a scaffold for a neo PCF, thus providing
adequate Level II support. The net is kept flat by a solid frame which
extends to the level of the ischial spines and provides an additional
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Fig. 2. Surgical insertion of the SRS.
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level I support. The anatomical relations of the SRS have been
examined in cadaver studies [5] and the preliminary experience
with the SRS has been recently published [6]. The purpose of this
study was to describe our midterm clinical experience using the
SRS implant. As a primary aim, we evaluated midterm objective
and subjective outcome following surgery with the SRS implant.
The secondary aim was to estimate the rate and type of device-
related complications.

Materials and methods

This prospective, multicenter, international study was ap-
proved by the local ethical committees in each medical center is
Israel and Hungary. The study was performed for the evaluation of
the efficacy and safety of the SRS developed and manufactured by
Lyra Medical Ltd, Binyamina, Israel. The initial research protocol
included 20 patients with one-year follow-up, which was extended
to 36 months. Following the initial results, a second protocol was
initiated which involved 50 additional patients. Study protocols
were similar, and results were combined for the purpose of the
current manuscript. Patients with anterior compartment prolapse
stage 2 and above, with or without apical prolapse, were recruited
from the women’s outpatients’ clinics in each medical center.
Patients received detailed explanation of the risks involved in
vaginal mesh implants. All participants signed an informed
consent, translated into the local language. Patients with previous
vaginal mesh surgery, POP-Q stage less than 2 or asymptomatic
prolapse were excluded. Medical history data, POP-Q measure-
ments and validated QoL questionnaires - PFDI-20 and PISQ-12 -
were collected prior to surgery [7]. Surgery was performed by four
experienced pelvic surgeons who had experience in vaginal
implant techniques. The procedure starts with hydro-dissection
of the space between the vaginal mucosa and the bladder. A
longitudinal incision is made in the anterior vaginal wall and the
mucosa is dissected laterally towards the ischial spines on both
sides of the pelvis. The SRS implant (Fig. 1) is composed of an ultra-
light, titanized polypropylene net (16 g/m2), stretched and retained
in place by a U-shaped flexible frame. The device is inserted
between the bladder and the vaginal mucosa, with the lateral arms
following the anatomy of the arcus-tendineus-fascia-pelvis (ATFP)
(Fig. 2). The implant’s frame is positioned symmetrically with its
distal part under the edge of the pubic bone.. The cervix or the apex
of the vaginal vault can be sutured to the center of the free edge of
the net to ensure symmetrical location. For a detailed description
of surgical technique, see previous publication [8]. MUS was added
to the procedure based on documentation of urine leakage on
vaginal exam, with or without prolapse reduction by the
Fig. 1. The self-retaining support implant (SRS).
examiner’s hand or documented in urodynamic study. Hysterec-
tomy was added to the planned surgery if a pathology was
documented on gynecologic ultrasound i.e. thickened endometrial
echo, endometrial polyp or abnormal uterine bleeding. Peri-
operative data included adverse events, length of the procedure
and estimated blood loss. Patients were summoned for post-
operative follow-up at 2 weeks and then at 2, 6, 12, 24 and 36
months. At each visit, patients were assessed for pelvic floor
symptoms using a structured symptom questionnaire and a pelvic
exam was carried out. A Urogynecologist performed the clinical
follow up including POP-Q measurements performed in a semi
fowler position on a gynecologic exam table. At each visit, patients
filled the PFDI-20 and PISQ12 questionnaires. The PFDI20 quality of
life questionnaire includes three domains: Pelvic Organ Prolapse
Distress Inventory 6 (POPDI-6), urine incontinence (UDI-6) and
Colorectal-Anal Distress Inventory 8 (CRADI-8). Each question
allows four answers graded 0-4. The mean value of all of the
answered items within the corresponding domain (possible value
0–4) is multiply by 25 to obtain the domain score (range 0–100).
Missing items are dealt with by using the mean from answered
items only. PFSI-20 total Score is calculated by adding the scores
from the 3 domains together to obtain the total score (range 0–
300). The standard Minimally Clinically Important Difference
(MCID) is 45 points for the total score and 15 points per domain. All
adverse events were recorded, including re-operation and any
intervention for the relief of pelvic floor dysfunction, including
pessary treatment and pelvic floor rehabilitation.

Statistical analysis used Analysis of Variance (ANOVA) test
where the null hypothesis is that all subgroup means are equal.
Results of the two-way ANOVA on change of points Aa, Ba and C by
subject and visit were analyzed, looking at P-Values of the term
visit in the model to evaluate statistically significances. Pre and
post-surgery POP-Q measurements were calculated using a non-
parametric Wilcoxon signed ranks test.

Results

Seventy women were recruited in both studies. The first patient
was enrolled in September 2014 and 19 out of 20 patients from the
initial protocol completed their 36 months follow-up visits. The
second protocol was initiated in March 2016. On August 30th, 2019,
27 (38.5 %) patients completed 36 months, 33 (47 %) patients
completed 24 months and 10 patients (14 %) completed 12 months
follow up. The overall mean follow-up was 27.7 months (11.4–41).
One patient from the initial protocol refused to continue additional
follow up after completion of the 12 month-follow-up visit. This
patient reported no adverse events and no recurrent POP since her
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last visit but declined additional vaginal examinations. Mean age
was 63 (43–79) years and mean parity was 4.6 [1–16] deliveries.
Six patients (8.6 %) had prior hysterectomy and 6 (8.6 %) patients
had previous POP surgery. Mean BMI was 26.3 kg/m2 (20.3–36.6).
Twenty-eight (40 %) patients suffered from hypertension, 15 (21 %)
patients had diabetes mellitus and 10 (14 %) were smokers. Mean
POP-Q measurements prior to surgery were as follows: Aa = 2 cm
(-1 to 3 cm), Ba = 3.1 cm (-1 to 6 cm) and C = 0.4 cm (-8 to 6 cm).
Sixteen (23 %) patients had isolated anterior vaginal wall prolapse
(point C <�1 cm). All patients underwent surgical repair using the
SRS implant. Ten (14 %) patients underwent concomitant vaginal
hysterectomy, 14 (20%) had a mid-urethral sling (MUS) and 15 (21
%) had posterior colporrhaphy. Surgical time for device implanta-
tion averaged 24.7 min (10�50 min). Estimated blood loss aver-
aged 155 ml (25�500 ml). No intra-operative complications were
observed. Post operatively one patient received transfusion with
one unit of blood and two (2.8 %) patients experienced transient
urinary retention. Eight months following the procedure one
patient (1.4 %) presented with complaints of vaginal discharge and
was diagnosed with frame erosion. Under local anesthesia the
eroded part was resected. This was the only patient in whom a
large sized frame was used, which possibly caused the adverse
event. One patient was diagnosed with voiding dysfunction
following complaints of prolonged voiding time at the 12-month
follow-up visit. Post void residual measurements were found
normal. We assumed pressure by the solid bridge might be the
cause for voiding dysfunction and resected the sub urethral frame
bridge in an ambulatory surgical procedure, without complica-
tions. At the 24-month-follow-up visit, the patient reported
minimal improvement in voiding time and was recommended
urethral dilation. Two patients (2.8 %) developed de-novo SUI and
underwent a MUS procedure following a failed trial of pelvic floor
muscle training. At the latest follow-up, mean POP-Q measure-
ments were as follows: Aa= -2.9 (-3 to -1) cm, Ba= -2.8 (-3 to -1) cm
and C = -7 (-10 to 1) cm. POP-Q staging of the anterior
compartment at last follow up were: 57 (81.4 %) patients at grade
0, 9 (13 %) at grade 1, four (5.7 %) patients grade 2 and none at grade
3. (Table 1 summarizes the anatomical results at baseline and last
follow up visit). All grade 2 patients had measurements of the
leading edge above the hymen. Considering both grade 0 and grade
1, the anatomical success rate was 94.3 %.

Subjectively, based on the answers to question number 3 in the
PFDI20 questionnaire (Usually have a bulge or something falling
out that you can see or feel in your vaginal area), 97.2 % were cured.
One patient had symptomatic apical recurrence with point C = 0
and opted for vaginal pessary treatment. A second patient with
apical recurrence (C = 1 cm) was asymptomatic and did not require
treatment. No mesh exposure was documented or chronic pelvic
pain reported at follow up. One patient underwent repair of
symptomatic rectocele six months following the SRS implant. No
other repeat surgery for prolapse has been documented so far.
Table 1
POP-Q measurements at preoperative exam compare to postoperative follow up.

Variable Baseline N = 70 At last follow up
(average 27.7 mon.)

Anterior compartment
Point Aa (range) 2.0 (-1 to 3) cm �2.9 (-3 to -1) cm
Point Ba (range) 3.1 (-2 to 6) cm �2.8 (-3 to -1) cm
Apical compartment
Point C (range) 0.4 (-8 to 6) cm �6.8 (-10 to 1) cm
Stage 0 0 57 (81.4 %)
Stage 1 0 9 (12.8 %)
Stage 2 7 (10 %) 4 (5.7 %)
Stage 3 51 (73 %) 0
Stage 4 12 (17 %) 0
A total of 68 patients answered the PFDI20 questionnaire at last
follow up. The results showed a decrease of 59.1 points in the total
score, 28.7 points in Pelvic Organ Prolapse Distress Inventory 6
(POPDI-6) and 22.5 points in urine incontinence (UDI-6). These
differences meet the MCID threshold. Results also showed a
decrease of 7.9 points in the Colorectal-Anal Distress Inventory
(CRAD-8), but we did not consider this decrease as clinically
meaningful. Table 2 provide the details of the PFDI20 scores over
the years. No deterioration was noted in the Colorectal-Anal
Distress Inventory 8 (CRADI-8).

Thirty (42.8 %) patients completed the PISQ12 questionnaire at
last follow up. Analysis of the PISQ12 scores revealed an increase of
5 points above baseline which implies no change in sexual
function. No evidence of dyspareunia was documented (Table 2).

Posterior compartment POP-Q measurement were docu-
mented at each visit. Fifteen symptomatic patients had concomi-
tant native tissue posterior colporrhaphy with resolution of their
symptoms in all cases. At last follow up 21 (38 %) of untreated
patients revealed second degree prolapse of the posterior
compartment compared to 9 (16 %) pre-operatively. Only 3
patients had Bp measurements >0 at last follow up, out of which
two were symptomatic (Table 3).

Discussion

This prospective, multicenter study on midterm outcome of the
SRS implant shows a subjective improvement success rate of 97.2 %
upon QoL questionnaire analysis, along with minor and manage-
able complications. No severe graft-related adverse events or
chronic pain conditions were observed. These findings allow us to
conclude that the SRS implant is a safe and effective surgical option
for patients with symptomatic anterior and apical vaginal
prolapse.

Vaginal POP repair using the SRS implant accurately imitates
the physiologic support system: the SRS implant lateral arms are
designed to replace the attachments of the PCF to the ATFP. The
solid frame functions as the mesh-retaining system and allows the
use of an ultra-light mesh (16 g/m2). The device’s shape and size
eliminate the need for anchoring or fixation.

Based on the NIH criteria for optimal (leading prolapse at
�3 cm) and Satisfactory (leading prolapse at �2 cm) outcome, the
results of this study show 92 % anatomical success in a group of
seventy patients at 24 months. A subgroup of twenty patients who
completed 36 month-follow-up has experienced even better
results. These midterm outcome data favorably compare with
success rates of other transvaginal implants. At the same time, the
low rate and severity of complications using the SRS implant
technique found in this study indicates the procedure may be safer
than previously studied vaginal mesh techniques.

The Cochrane report on vaginal mesh was based on four-
corner fixation techniques [9], which reported an incidence of
mesh exposure of 11.4 %, requiring mesh removal in 6.8 % of cases.
Overall reoperation rate has been calculated to be 11 %. Other
complications in those studies were voiding dysfunction in 9 % of
patients and de novo OAB in 12 %. A more recent study from 2016,
has reported the four-corner mesh implant techniques to yield a
74.4 % success rate at two years and a 13.5 % erosion rate [10]. In
all the above parameters, the SRS implant has achieved better
outcome so far.

In 2017, the Nordic Trans-vaginal Mesh (TVM) group reported
on long term follow using a two-point fixation mesh - Uphold Lite1

[11]. Anatomical success was documented in 94 % at the end of the
first year but decreased to 78.8 % at 5 years. In their cohort, 19.7 %
had undergone repeated pelvic surgery at the 5-year follow up.
MUS amounted to 38.4 % of repeated surgeries while the remaining
patients had prolapse-related operations. Among those patients,



Table 2
PFDI20 [N = 65] and PISQ12 scores at baseline vs. follow up visits.

Domains Baseline 12m 24m 36m last Diff

POPDI-6 41.4 10.6 14.7 14.5 12.7 28.7*
CRAD-8 24.1 14.6 18.8 15.1 16.2 7.9
UDI-6 40.3 14.6 21.2 14.7 17.7 22.5*
Total PFDI20 105.8 39.7 54.7 44.3 46.6 59.1*
PISQ12 31.2 (N = 43) 35.4 (N = 32) 33 (N = 33) 36.7 (N = 7) 36.2 5

* = P < 0.05.

Table 3
Posterior wall measurement before and after surgery of untreated patients*.

Pre-operative Bp (N = 55) Post-operative Bp (N = 55)

Stage 0 24 (44 %) 23 (42 %)
Stage 1 20 (36 %) 11 (20 %)
Stage 2 9 (16 %) 21 (38 %)
Stage 3 2 (4 %) 0

Patients who did not have concomitant Posterior Colporrhaphy at the time of SRS
implantation.
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three had surgery for mesh removal secondary to chronic pain. In
our study only 4 (5.7 %) patients had repeated surgery, 2 had MUS
and 2 had partial resection of the frame for exposure and voiding
dysfunction. No repeated surgery for recurrent prolapse was
required, no mesh removal for pain or erosion was needed and no
chronic pelvic pain documented.

Successful outcome for apical prolapse using large surface
meshes has been reported to range between 87 % and 94 % [12–14].
The SRS implant can be considered as a large-surface mesh with a
95.8 % successful outcome.

The SRS technique can also be compared to open/laparoscopic
sacrocolpopexy which resulted in an objective and subjective
success rate ranging between 76.5 % and 100 % at midterm follow-
up [15–17].

In a comparison study between native tissue and mesh
implants the success rate for both groups was 51.16 % defining
success at Ba<0) [10]. In our study the anatomical definition of
success was Ba < �1 cm providing better results in comparison to
both native tissue repairs or anchored mesh implants.

The use of pelvic implants have been associated with adverse
events i.e. bleeding organ perforation, mesh erosion, contraction
and chronic pain [3,9,18].

Although placement of the mesh in instructed to be in tension-
free, flat, non-folded fashion [19], current securements techniques
do not entirely prevent mesh contraction and folding, caused by
dynamic pressures and scar accumulation over time [20]. Mesh
folding, bunching and contraction may cause nerve entrapment
and tension on the fixation points, which result in pain and
dyspareunia [3]. Mesh fixation has been mentioned as a crucial
parameter in the development of mesh-related chronic vaginal
pain. Resection of the fixation points has been shown to result in
reduction of the tension and pain resolution in 90 % of patients
[19,21].

We anticipated the anchorless technique would reduce post-
operative complications as well, as the solid frame keeps the mesh
stretched so that bunching, crimping, mesh contraction and
excessive tensioning of mesh arms are avoided.

POP-Q measurement of the posterior compartment revealed
anatomical worsening in patients that were not treated surgically.
Posterior colporrhaphy was performed only in women with
posterior compartment complaints. Asymptomatic posterior
compartment prolapse at any stage was not treated. It is known
that repair of the anterior compartment can cause re-distribution
of the intra-abdominal pressures which can impact weak areas i.e.
untreated posterior compartment and cause worsening anatomi-
cal measurements. Such results should raise the question of
performing concomitant posterior colporrhaphy even in asymp-
tomatic posterior wall prolapse although only two patient
complaint of posterior wall bulge at last follow up. We were
unable to compare these results to other studies since there were
no publications focusing on the impact of new vaginal mesh
implant on the untreated compartment.

Chronic pain is considered one of the most concerning vaginal
mesh complications and a common indication for re-operation. In
some cases, removal of the mesh does not eliminate the pain [22].
Surgical techniques using non-fixation implants have been shown
to cause less pelvic pain [23]. We have not observed chronic pelvic
or vaginal pain in any of our patients so far. This finding possibly
supports the initial assumption that bunching and folding of the
mesh at the anchoring points carries a risk of nerve entrapment
and pain. Those complications are avoided once the need to anchor
the implant is eliminated and the net is kept flat by the solid frame
during and after its positioning.

Rahkola-Soisalo et al. reported a 15.2 % re-operation risk at 5
years with most repeated surgeries done for mesh removal [11].
Other studies [24,25] reported between 8.9 % and 18 % reoperation
rate at midterm follow-up. As regards to re-operation for apical
failure, the reported rate in native tissue repair is 11.6 % [25].
Assuming that the only symptomatic apical failure, which is
currently treated with a pessary, will undergo repeated POP
surgery in the future, the potential re-operation rate for failure in
the SRS group can be considered 1.4 %.

Using the PFDI-20 questionnaire, Rahkola-Soisalo et al.
reported a 78.8 % improvement in all three domains [11]. Upon
QoL questionnaire analysis, we found a 97.2 % improvement using
the same PFDI-20 questionnaire in our study. No deterioration in
QoL scores was observed over the years.

We couldn’t reach a significant conclusion on the impact of the
SRS procedure on sexual function. The issue of low compliance in
assessing sexual function in our cohort is consistent with previous
studies [11]. The important finding as for the PISQ-12, was the
absence of de novo dyspareunia in our cohort.

Strengths of the study include the low rate of lost to follow-up
and the length of follow-up reported. Limitations of the study
include the absence of control group and the fact that approxi-
mately 80 % of follow up visits were performed by the surgeon.

Conclusions

Surgical reconstruction of anterior and apical vaginal compart-
ments using the SRS implant provides high subjective and
anatomical cure rate at 23–36 months with no intra operative
or immediate post-operative complications. Two cases of partial
implant removal (2.8 %) were described over the course of the
follow up. In order to support the superiority of the anchor-less
technique over other mesh fixation techniques these results need
to be confirmed by a comparative protocol, larger sample size and
longer follow-up.
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