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Abstract
Introduction and hypothesis The use of new lightweight meshes in pelvic organ prolapse (POP) surgery may reduce compli-
cations related to mesh retraction (chronic pain, dyspareunia, and mesh exposure). The aim of this study was to investigate
changes in the area and position of Uphold Lite™ mesh 6 weeks and 12 months after anterior and/or apical prolapse repair.
Methods This observational prospective multicenter study included patients who had undergone transvaginal surgery for symp-
tomatic POP-Q stage ≥ II anterior and/or apical compartment prolapse with placement of Uphold Lite mesh. The dimensions and
position of the mesh were evaluated at 6 weeks and 12 months by ultrasonography. Correlations between ultrasonographic mesh
characteristics and POP recurrence were analyzed.
Results Fifty evaluable women with an average age of 66.8 years were included. No statistically significant difference in mesh area
was found between week 6 and month 12 postoperatively, either at rest (1746.92 vs. 1574.48 mm2; p = 0.15) or on Valsalva
(1568.81 vs. 1542.98mm2; p = 0.65). The ROC-AUC of the distance between themesh and the bladder neck (M-BN) at 6 weeks for
predicting cystocele recurrence at 12months was 0.764 (95%CI 0.573–0.955) at rest and 0.724 (95%CI 0.533–0.916) on Valsalva.
An M-BN distance > 12.5 mm could predict cystocele recurrence at month 12 with a sensitivity of 80% and a specificity of 69%.
Conclusions Ultrasonographicmeasurements of the Uphold Lite™mesh appear to remain stable between 6weeks and 12months
postoperatively. M-BN distance correlates with cystocele recurrence. These results appear to confirm the value of ultrasound in
mesh evaluation.

Keywords Mesh-related complications . Pelvic organ prolapse . Transvaginal mesh . Ultrasound

Introduction

Many different surgical techniques are now available for the
treatment of pelvic organ prolapse (POP). Anterior vaginal

wall prolapse remains difficult to manage and has a high re-
currence rate varying between 31 to 69% [1–3]. The anatomic
success of anterior prolapse repair has been improved by the
development of transvaginal mesh surgery [2].

However, various health authorities have questioned the
use of transvaginal mesh in recent years, and in 2019 the
Food and Drugs Administration banned its use in the US
becauase of the risk of graft-specific complications such as
mesh exposure and retraction, potentially leading to pain,
dyspareunia, and possibly POP recurrence [4, 5]. The im-
proved biocompatibility of lighter weight (≤ 35 g/m2), mono-
filament, macroporous (pores ≥ 75 μm) polypropylene mesh
may prevent these complications [6–8].

Ultrasound is a promising method for evaluating meshes
after implantation. Polypropylene mesh is hyperechogenic,
and various studies have reported the feasibility of mesh anal-
ysis using standardized ultrasound [9, 10]. This techniquemay
also help clarify the process behind mesh retraction. Velemir
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et al. for example found that mesh retraction was associated
with a higher risk of prolapse recurrence [11]. One hypothesis
for this is that a reduction in mesh surface area reduces the
cystocele area covered by the mesh.

The Uphold Lite™mesh is a new generation of kit used in
anterior bilateral sacrospinous fixation. Its lighter weight may
help reduce retraction [12, 13] and postoperative complica-
tions such as exposure and de novo dyspareunia [14, 15].
However, it is possible that the anchoring system, comprising
only two arms, could cause mesh to retract towards the apex
and thereby promote POP recurrence.

Few studies have evaluated retraction of these new light-
weight meshes. The primary aim of this study was to evaluate
changes in mesh area and position between 6 weeks and
12 months after placement.

Materials and methods

This prospective multicenter study, conducted between
October 2012 and July 2015, was part of a larger 13-center
trial to evaluate the clinical efficacy (anatomic and functional
outcomes) and complications of Uphold Lite™ mesh up to
12 months after anterior and/or apical prolapse repair.
Informed consent was obtained during the preoperative visit.
The trial was approved by the Sud-Méditerranée III ethics
committee and registered as NCT01559168 on ClinicalTrial.
gov.

All patients older than 50 years and undergoing surgery for
POP-Q stage II or more anterior and/or apical prolapse [16]
with Uphold Lite™ mesh were included in the original trial.
Exclusion criteria included suspected hypersensitivity to poly-
propylene, concomitant posterior mesh procedure, upper uri-
nary tract obstruction, renal insufficiency, or any pathology
that could compromise mesh placement (including autoim-
mune connective tissue disease or systemic infection).
Prolapse staging was performed using the POP-Q classifica-
tion during a gynecological examination, preoperatively and
at 6 months and 12 months postoperatively by the operating
surgeon, without blinding. All the women underwent stan-
dardized bilateral anterior sacrospinous fixation with
transvaginal mesh (Boston Scientific, Montigny-le-
Bretonneux, France). The mesh used was the Uphold Lite™
system, which is a lightweight (25 g/m2), monofilament,
macroporous polypropylene mesh. All surgeons had partici-
pated in pretrial training on the Uphold Lite™ mesh
procedure.

The procedure has been described in detail elsewhere [15].
The surgeon performed a vertical anterior colpotomy incision,
followed by dissection in the paravesical space and blunt dis-
section medial to the ischial spine until the sacrospinous liga-
ment was identified and exposed. The mesh arms were
inserted using the Capio SLIM suture capturing device

(Boston Scientific, Montigny-le-Bretonneux, France) 2 cm
medial to the ischial spine. A vaginal pack and urinary cathe-
ter were left in place for 24 h. Concomitant surgeries were
performed at the surgeon’s discretion where indicated.

Patients were evaluated on day 1, week 6, and months 6
and 12. Anatomic recurrence was defined as stage II or more
anterior and/or apical prolapse (points Ba and/or C ≥ 1).
Perioperative complications and adverse effects were recorded
by the surgeon, and serious adverse events were reported to
the health authorities.

All patients from the original trial who underwent mesh
ultrasonography were included in this substudy. Mesh dimen-
sions and topography were evaluated by transvaginal and
transperineal ultrasound at 6 weeks and 12 months postoper-
atively. The surface area of the mesh (in mm2) was calculated
from its anteroposterior length measured in the median plane
and its width measured in transverse view (Fig. 1), while the
distance between the mesh and the bladder neck (M-BN) was
measured in the sagittal plane, with the meatus of the urethra
visible (Fig. 1). Measurements were taken at rest and on
Valsalva.

The primary endpoint was the change in mesh surface area
(mesh retraction) between week 6 and month 12. The second-
ary endpoint was cystocele coverage by the mesh, evaluated
by M-BN distance. Other ultrasonographic characteristics re-
ported were mesh folding (defined as a more hyperechoic
wavy or thickened appearance of the mesh, suggesting
concertina-like folding, with slightly increased acoustic
shadowing), mesh detachment (defined as a change in mesh
orientation during the Valsalva maneuver), and the presence
of a hematoma. Correlations between ultrasonographic char-
acteristics and recurrence were analyzed, including correlation
betweenM-BN distance and cystocele recurrence (point Ba ≥
− 1 or point Ba and point C ≥ -1 when Ba was greater than
point C). All mesh ultrasonography was performed by expe-
rienced gynecologists using the same measurement protocol,
after attending a pretrial workshop.

Statistical analysis

Data on clinical characteristics are presented as frequencies
(%, N) for qualitative variables and mean ± standard deviation
(SD) for quantitative variables. Continuous variables were
compared using Student’s t test or the Mann-Whitney test
when normal distribution was not confirmed. Categorical data
were compared using the chi-square test.

A stratified recurrence versus non-recurrence analysis was
performed using Mann-Whitney tests to evaluate changes in
ultrasoundmeasurements between week 6 andmonth 12, with
the threshold of significance set at 5%.

The area under the receiver-operating characteristics curve
(ROC-AUC) (DeLong) was used to test correlation between
M-BN distance at week 6 and the risk of anatomic recurrence
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at 12 months and to determine the cutoff M-BN distance pre-
dictive of cystocele recurrence.

All data analysis was performed with R 2.9.2 (R
Development Core Team (2009), R Foundation for
Statistical Computing, Vienna, Austria).

Results

Of the 121 patients included in the main trial from 13
centers, 74 patients from 4 centers underwent ultraso-
nography at 6 weeks postoperatively, 50 of whom also
underwent ultrasonography at 12 months (Fig. 2). The
other centers lacked sufficient resources to perform
mesh ultrasonography.

Table 1 shows the demographic and preoperative charac-
teristics of the patients included in the main trial and those
included in this substudy. These populations appear compara-
ble at baseline, except for differences in the preoperative C-
point and rates of prior hysterectomy and prior prolapse sur-
gery, which were lower in the substudy population.

The mean mesh areas at 6 weeks and 12months, at rest and
on Valsalva, are shown in Table 2. No statistically significant
reduction in mesh size was found over this period, based on
either resting or Valsalva measurements.

The M-BN distance did not change significantly between
6 weeks and 12 months, based on either resting or Valsalva
measurements.

During the month 12 ultrasound examination, mesh folding
was observed in 10/50 patients (20%), none of whom had

Fig. 1 Sagittal and transverse
views of the mesh on 2D
ultrasonography. a Distance
between the bladder neck (A) and
the mesh (B) on sagittal view, at
rest (left-hand image), and on
Valsalva (right-hand image). b
Mesh width (C) on transverse
view
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pelvic pain or dyspareunia, whereas 2/39 patients (5.1%)with-
out mesh folding reported dyspareunia (p = 1).

Mesh detachment was observed in 4/43 patients (10.7%),
with 2 cases of distal detachment (4.7%) and 2 of apical de-
tachment (3.6%). One of the two patients with distal mesh
detachment had cystocele recurrence (50%), whereas five pa-
tients (13.2%) without distal mesh detachment had cystocele
recurrence. Neither of the two patients with apical mesh de-
tachment had apical recurrence, and three patients (8.3%)
without apical mesh detachment had apical recurrence.

No hematomas were detected at 12 months, and no mesh
exposures were reported in this study.

The anatomic recurrence rate at 12months was 18% (9/50),
comprising 6/50 cases (12%) with recurrence of anterior com-
partment prolapse only, 1/50 (2%) with apical recurrence on-
ly, and 2/50 (4%) with both anterior and apical recurrence. No
reinterventions for recurrence were reported.

Table 1 Baseline characteristics
Baseline characteristics Original trial N = 121 Ultrasound substudy N = 50

Age (years) 67.27 ± 8.59 66.8 ± 7.74

BMI (kg/m2) 25.62 ± 4.07 25.14 ± 3.94

Parity

• 0 1 (0.8) 0 (0)

• 1 24 (19.8) 9 (18)

• ≥ 2 50 (79.3) 41 (82)

Postmenopausal 116 (95.9) 49 (98)

Hormone replacement therapy 4 (3.7) 2 (4.4)

Sexually active 40 (33.1) 18 (36)

Medical history

Cardiovascular disease 48 (39.7) 13 (26)

Diabetes mellitus 7 (5.8) 3 (6)

Smoker 8 (6.7) 2 (4.1)

Depressive symptoms 9 (7.5) 5 (10.2)

Surgical history

Prior hysterectomy 15 (12.4) 4 (8)

Prior prolapse surgery 11 (9.1) 2 (4)

Prior incontinence surgery 11 (9.1) 4 (8)

Physical examination

Preop POP-Q: Ba 1.59 ± 1.89 [−3; 6] 1.57 ± 1.87 [−1; 6]
Preop POP-Q: C 1.42 ± 2.75 [−6; 8] 0.39 ± 2.8 [−5; 8]
Preop POP-Q: Bp −1.37 ± 1.49 [−3; 5] −1.58 ± 1.56 [−3; 5]
Concomitant surgeries

Hysterectomy 17 (14.0) 10 (20)

Anterior colporraphy 13 (10.7) 4 (8)

Posterior facial plication 61 (50.4) 39 (78)

Perineorraphy 15 (12.4) 9 (18)

Myorraphy 13 (10.7) 4 (8)

Midurethral sling (MUS) 25 (20.7) 9 (18)

Data are expressed as number (percentage) or mean ± SD [minimum; maximum]

13 centers Enrollment into original trial
N=121

4 centers Mesh ultrasound at week 6 
N=74

Mesh ultrasound at month 12 
N=59

Sta�s�cal analysis 
N=50

Missing data
N=9

Fig. 2 Flow diagram
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We observed no significant differences in mesh retraction
between the patients with or without anatomic recurrence
(Table 3). However, there was a trend towards more retraction
at rest in patients with anatomic recurrence (change in mesh
area − 228 mm2 [−663; 7] in patients with anatomic recur-
rence vs. −2.0 mm2 [−254.5; 180.5] in patients without recur-
rence; p = 0.086).

Focusing on cystocele recurrence alone, we found a trend
towards greater M-BN distance at rest at 6 weeks in patients
with recurrence (Table 4). This distance was 12 [10; 17] mm
in women with cystocele recurrence vs. 10 [9; 13] mm in
women without recurrence (p = 0.058).

The ROC-AUC for the use of ultrasonographic M-BN dis-
tance at 6 weeks as a test to predict cystocele recurrence at
12 months was 0.764 (95% CI 0.573–0.955) for measure-
ments at rest and 0.724 (95%CI 0.533–0.916) for measure-
ments on Valsalva, making this a good diagnostic tool for
predicting recurrence [17]. A cutoffM-BN distance at 6 weeks
of 12.5 mm could predict cystocele recurrence at 12 months
with a sensitivity of 80% and a specificity of 69%.

Discussion

In this prospective observational study, mesh dimensions
remained stable between 6 weeks and 12 months postopera-
tively. This is consistent with the results of a previous study
that reported ultrasonographic data on 40 women seen be-
tween 3 and 52 months after surgery [18]. Although other
studies have reported significant decreases in mesh dimen-
sions [11, 19], higher weight mesh than the Uphold Lite™
system had been used, and ultrasound measurements were
collected at a single time point and compared with in vitro
mesh dimensions.

Our results indicate minor mesh retraction; this could sug-
gest that reducing biomaterial load may decrease mesh com-
plications, including retraction. However, further studies with
a control group are needed to confirm this hypothesis. Some
studies have reported that lighter weight meshes with higher
porosity induce a weaker host inflammatory response, thus
preventing mesh deformation [12, 20]. This is consistent with
clinical results showing low rates of retraction and pelvic pain

Table 2 Change in mesh
dimensions between week 6 and
month 12

Mean ± SD p-valuea

Mesh area at rest at W6 (mm2) 1746.92 ± 718.12

Mesh area at rest at M12 (mm2) 1574.48 ± 517.9

Change in mesh area at rest W6–M12 (mm2) −172.44 ± 831.45 0.15

Mesh area on Valsalva at W6 (mm2) 1568.81 ± 504.32

Mesh area on Valsalva at M12 (mm2) 1542.98 ± 478.65

Change in mesh area on Valsalva W6–M12 (mm2) −23.85 ± 336.29 0.65

Distance to bladder neck at rest at W6 (mm) 13.51 ± 12.9

Distance to bladder neck at rest at M12 (mm) 11.86 ± 5.15

Change in distance to bladder neck at rest W6–M12 (mm) −1.18 ± 11.48 0.5

Distance to bladder neck on Valsalva at W6 (mm) 15.07 ± 13.68

Distance to bladder neck on Valsalva at M12 (mm) 12.99 ± 6.74

Change in distance to bladder neck on Valsalva W6–M12 (mm) −1.04 ± 12.13 0.58

Mesh area (in mm2 ) was calculated from its anteroposterior length measured in the median plane and its width
measured in transverse view. W6: week 6; M12: month 12
a Paired samples t-test

Table 3 Comparison of the change in ultrasonographic mesh area and position in patients with or without anatomic recurrence

Recurrence (N = 9)
Median [Q1; Q3]

No recurrence (N = 40)
Median [Q1; Q3]

p-valuea

Change in mesh area at rest W6–M12 (mm2) −228 [−663; 7] −2.0 [−254.5; 180.5] 0.086

Change in mesh area on Valsalva W6–M12 (mm2) −71.0 [−126.0; 65.5] −5.0 [−160; 182] 0.59

Change in distance to bladder neck at rest W6–M12 (mm) 0 [−1; 1] 0 [−1; 3] 0.82

Change in distance to bladder neck on Valsalva W6–M12 (mm) −1 [−1.5; 2] 0 [−1; 2] 0.61

Given the low patient numbers, the data are expressed as median [Q1; Q3]
a Wilcoxon test
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with Uphold Lite™ mesh [14]. Moreover, some authors have
suggested that the contracted appearance of mesh may be the
result of physiological healing in the first months after surgery
and could be influenced by surgical technique or mesh size
[18, 19]. In our study, the distal part of the mesh was fixed
laterally to the bladder neck by two absorbable sutures, which
may have limited early mesh displacement.

An association between severe retraction and clinical recur-
rence has been reported [11], with some studies reporting
more recurrence in patients with severe retraction. In contrast,
we found no significant difference in mesh area between pa-
tients with and without recurrence, although we observed a
trend towards greater mesh retraction at rest in patients with
anatomic recurrence. It is possible that we failed to detect a
significant difference because of the small number of patients
in our study with recurrence.

According to Velemir et al. ultrasound mesh folding is
associated with mesh retraction [11]. Other studies have re-
ported an association between ultrasonographic mesh retrac-
tion and vaginal pain [21, 22]. In the present study, we found
no correlation between mesh folding and dyspareunia, and
indeed none of the ten patients with mesh folding had pelvic
pain or dyspareunia. One possible explanation is that lighter
weight meshes may undergo less retraction and therefore gen-
erate less dyspareunia. It is also possible however that we
lacked sufficient affected patients to detect a correlation be-
tween retraction and dyspareunia.

We observed few cases of mesh detachment and a low
recurrence rate, reducing the possibility of detecting a corre-
lation between apical or distal mesh detachment and
recurrence.

The Uphold Lite™mesh is a two-armedmesh kit anchored
to the sacrospinous ligament. We postulated that this anchor-
ing system might cause mesh to contract towards the apex,
promoting recurrence of anterior prolapse. In the present
study, the M-BN distance remained stable between 6 weeks
and 12 months, although there was a trend towards greater M-
BN distances in patient with cystocele recurrence. Although
our results should be confirmed in a larger sample, they are
supported by a study from 2018 in which the distance between
Uphold Lite™ mesh and the bladder neck remained stable

across measurements at 1, 3, and 12 months at rest.
Nevertheless, these authors reported a change in this distance
during straining, which could enable cystocele recurrence
though the gap [23].

The ROC-AUC for anatomic cystocele recurrence, based
on M-BN distance at 6 weeks at rest, showed that this value
could help predict cystocele recurrence. We show that a cutoff
M-BN distance of 12.5 mm could predict cystocele recurrence
at month 12with a sensitivity of 80% and a specificity of 69%.
This could be useful in the follow-up of patients undergoing
transvaginal mesh surgery. This finding could be of serious
clinical importance because it may also help elucidate the
mechanism underlying recurrence after mesh surgery and
could help to improve our surgical techniques. This finding
is particularly interesting given the ease of access to ultra-
sound machines and the good feasibility of mesh analysis
using standardized ultrasound. The correlation between mesh
position and cystocele recurrence has already been reported
with laparoscopic sacrocolpopexy, with Wong et al. reporting
that for every mm that the mesh was located further from the
bladder neck on Valsalva, the likelihood of cystocele recur-
rence increased by 6–7% [24]. It seems that in prolapse sur-
gery using mesh, mesh location correlates with cystocele re-
currence as well in laparoscopic sacrocolpopexy as in
transvaginal mesh surgery.

The strengths of this study are its multicenter and
prospective design, with prospective evaluation of mesh
dimensions in the same patients. It has a number of
limitations. First, as it was a substudy, it was not
powered on ultrasonographic evaluation, and a large
proportion of patients in the index trial did not undergo
ultrasonography. Nevertheless, the two populations ap-
pear comparable. Second, about one-third of patients
who underwent mesh ultrasonography at 6 weeks were
subsequently lost to follow-up or were unevaluable for
the primary endpoint due to missing data. Third, ultra-
sound measurements are known to be subject to inter-
observer variation, although a single operator performed
a high volume of ultrasounds (76%), which should limit
interobserver variation. Finally, longer-term follow-up is
required to confirm our results.

Table 4 Comparison of the distance between the mesh and bladder neck in patients with or without anatomic cystocele recurrence

Cystocele recurrence (N = 7)
median [Q1; Q3]

No recurrence (N = 42)
median [Q1; Q3]

p-valuea

Distance between mesh and bladder neck at rest at W6 (mm) 14 [13; 15] 10 [9; 13] 0.058

Distance between mesh and bladder neck on Valsalva at W6 (mm) 14 [13; 17] 12 [10; 15] 0.109

Distance between mesh and bladder neck at rest at M12 (mm) 12 [10; 17] 11 [9; 12.75] 0.244

Distance between mesh and bladder neck on Valsalva at M12 (mm) 12 [10.5; 19] 11.5 [10; 15.75] 0.413

Given the low patient numbers, the data are expressed as median [Q1; Q3]
aWilcoxon test
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Conclusion

In this multicenter prospective study the dimensions of the
Uphold Lite™ mesh appear stable, consistent with minimal
retraction of this lightweight mesh. Ultrasonographic mea-
surement of the M-BN distance seems to be useful to predict
cystocele recurrence. Ultrasound is a useful tool in the follow-
up of mesh-augmented POP surgery with a serious clinical
importance.
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