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Abstract
Introduction and hypothesis To analyze the immunochemical and urodynamic outcomes after partial versus complete excision
of transvaginal polypropylene mesh (PPM) from pelvic walls of rats.
Methods Forty-eight female Sprague-Dawley (SD) rats were randomly distributed into seven groups: control, mesh total re-
moval 60 days (M-T 60D), mesh total removal 180 days (M-T 180D), mesh partial removal 60 days (M-H 60D), mesh partial
removal 180 days (M-H 180D), sham 60 days (Sham 60D), and sham 180 days (Sham 180D). In the mesh groups, PPM was
inserted and partially (0.3 × 0.3 cm) or completely removed 30 days later. In the Sham group, the space between the vagina and
bladder was dissected without placing or removing the synthetic mesh at day 1 and day 30 later. Urodynamic studies, immuno-
chemical analysis, and Western blot were done at days 60 and 180.
Results The M-T 60D voiding pressure was significantly decreased compared to the Sham 60D and M-H 60D. The voiding
interval of M-T 60D was significantly shorter than that of M-H 60D. In the M-T 60D and M-T 180D groups, the leak point
pressure was significantly less than in their corresponding sham groups. IL-1 and TNF-αwere significantly more intense in M-T
60D compared to M-H 60D and Sham 60D. NGF was significantly greater in M-T 60D compared to Sham 60D. There were no
significant differences in MMP-2 and CD-31s throughout the group.
Conclusion Total mesh excision incites a host inflammatory response and transitory lower urinary tract dysfunction. Despite the
good outcomes after total excision, the invasiveness and surgical risk associated with repeated procedures should not be
underestimateded.
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Introduction

Twenty-nine percent of women who undergo primary re-
pair for pelvic organ prolapse (POP) experience a recur-
rence requiring a second surgery [1]. Although there have
only been a few long-term studies, Lo et al. found repair
using polypropylene transvaginal mesh has a lower risk of
recurrence compared to native tissue repair after 3 years
[2, 3]. Polypropylene mesh (PPM) is a nonabsorbable
synthetic graft material, causes tissue ingrowth due to
host-tissue interaction, and provides permanent support
[4]. However, complications such as exposures, extrusion,
dyspareunia, and pelvic pain specific to mesh use led to
serious consequent actions from the FDA. In 2016, the
agency reclassified surgical mesh for transvaginal repair
of POP into class III (high risk), and subsequently, as of
April 16, 2019, the FDA ordered two manufacturers to
stop selling and distributing their products [5].
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Evenwith the FDA’s ban of transvaginal mesh use, women
will continue to seek medical assistance for associated com-
plications and concerns. Warembourg et al. reported 7% of all
pelvic surgeries performed in their tertiary referral center were
for mesh-related complications. The reintervention rate for
mesh-related complications after POP repair was 2.8% [6].
Seventeen percent of all mesh removals were attributed to
pain without underlying causes such as exposure or erosion
[7]. Short- andmedium-term follow-up studies show that most
complications occur within the first year. However, long-term
follow-up studies show that there is a high rate of infection
after 2 years, and complications can even occur 8 years after
implantation [8]. Hence, the FDA advises women to continue
their routine follow-up care after receiving transvaginal mesh
for POP even if they are not experiencing any complications
or symptoms.

Management of mesh-related complications includes trop-
ical vaginal estrogen cream use, physical therapy, analgesic
pain management, and inpatient or under anesthesia mesh
excision [9]. Previous animal studies showed that implanta-
tion of synthetic mesh triggers an inflammatory reaction
caused by macrophages and fibroblasts [10–12]. Likewise,
Elmer et al. found that even after 1 year of surgery, synthetic
mesh continues to elicit a foreign body response in human
vaginal submucosal tissues [13]. Currently, there is no con-
sensus regarding whether partial or complete removal of mesh
is superior. No studies have as of yet been done to understand
the effects of mesh excisions. The aim of this study is to
analyze the immunochemical and urodynamic outcomes of
partial versus complete excision of transvaginal PPM from
the pelvic walls of rats.

Methodology

All experimental protocols and procedures were approved by
Chang Gung Memorial Hospital’s Institutional Animal Care
and Use Committee (no. 2018032801) and funded by the
Chang Gung Memorial Hospital (CMRPG2H0281).

Animal model design

Forty-eight female Sprague-Dawley (SD) rats were used and
randomly assigned evenly into seven groups: control, sham
60 days (Sham 60D), sham 180 days (Sham 180D), mesh total
removal 60 days (M-T 60D), mesh total removal 180 days
(M-T 180D), mesh partial removal 60 days (M-H 60D), and
mesh partial removal 180 days (M-H 180D).

In the control group, no surgery was performed.
Urodynamic study was performed, and afterward the rats were
killed for immunochemical study. In the study groups (total
and partial mesh removal), synthetic mesh was implanted be-
tween the vagina and bladder of the SD rats. Thirty days later,

the mesh was removed completely (mesh total removal group)
or partially (0.3 × 0.3 cm in the mesh partial removal group).
Urodynamic study was performed on day 60 (M-T 60D and
M-H 60D) or day 180 (M-T 180D and M-H 180D), and the
rats were killed for immunochemical study. The Sham groups
underwent a similar protocol with the space between the va-
gina and bladder opened without inserting or removing the
synthetic mesh.

All SD rats underwent suprapubic tube (SPT) implantation
into the bladder 2 days before conscious cystometry (CMG)
and leak-point pressure (LPP) testing. After the study, all rats
were killed. Their urogenital tissues (vagina, bladder, and ure-
thra) were harvested and analyzed for immunohemical studies
and Western blot analysis.

Surgical procedure

All surgeries were carried out under isoflurane anesthesia in
an animal laboratory. Preoperative prophylactic antibiotics
with cefazolin were administered, and surgeries were per-
formed by the authors. The rat vaginas were exposed with a
Lonestar retractor; 0.5–1.0 cc normal saline was used for
hydrodissection at the anterior vaginal wall, and a 1-cm mid-
line incision was made. The space between the bladder and
vagina was dissected and opened. A 0.7 × 1.0-cm polypropyl-
ene mesh with a density of 26 g/m2 was inserted for the M-T
and M-H groups. The sham groups underwent similar surger-
ies except no mesh was implanted. The vaginal mucosa was
closed with Polyglactin 5/0 suture (Vicryl).

At day 30, a second surgery was performed for removal of
the mesh in the study groups. Preoperative prophylactic anti-
biotics with Cefazolin were administered. Hydrodissection
with 0.5–1.0 cc normal saline was performed, and a 1-cm
midline incision of the anterior wall was done. The space
between the vagina and bladder was opened. Complete and
partial (0.3 × 0.3 cm in size) removal of the polypropylene
mesh was done for the M-T (complete removal) and M-H
(partial removal) groups, respectively. The sham groups
underwent similar surgeries with opening of the space be-
tween the vagina and bladder. The vaginal mucosa was closed
with Polyglactin 5/0 suture.

CMG measurement

SPT was placed 2 days prior to the cystometry study as de-
scribed previously by Lin et al. [14]. Two days after the im-
plantation, the rats were placed in a specialized metabolic
cages (Med Associates Inc.) for 70–80 min as previously de-
scribed by Lin et al. [15]. The bladder catheter was connected
to a syringe pump and pressure transducer. Bladder pressures
were referenced to the air pressure at the level of the bladder.
Pressure and force transducer signals were amplified, record-
ed, and digitized for analysis. The bladder was filled at a rate

1840 Int Urogynecol J (2022) 33:1839–1848



of 5 ml/h with room temperature normal saline through the
bladder catheter while the bladder pressure was recorded. A
beaker was placed underneath the cage to collect urine, and
the change in weight of the collected urine was recorded. The
saline infusion was continued until rhythmic bladder micturi-
tion contractions stabilized (typically after 15–30 min). Data
from five micturition cycles were collected. Voided volume
(VV) was defined as the expelled volume during micturition.
Peak voiding pressure (VP) was measured at the peak of the
detrusor contraction. The interval between two successive
contractions in each micturition cycle was defined as the
intercontration interval (PI).

LPP measurement

LPP was measured as previously described by Lin et al.
[14]. The rats were anesthetized with urethane (1 g/kg).
Credé’s maneuver was applied to empty the bladder
manually. Room temperature normal saline at the rate
of 10 ml/h was infused through the bladder catheter.
The average bladder capacity of each rat was deter-
mined after three to five voiding cycles. The bladder
was then filled to half-capacity, and vertical pressure
was applied to the rat’s abdomen with one finger. The
pressure was gently increased until urine leakage oc-
curred. The pressure at which the urine leak occurred
was measured as the LPP. Five measurements were per-
formed, and the mean LPP was obtained.

Immunochemical study

The SD rats were killed via isoflurance overdose.
Excision of the implanted mesh and/or the surrounding
vagina and bladder wall tissues was performed at
60 days and 180 days for Sham 60D, M-T 60D, M-H
60D and Sham 180D, M-T 180D, and M-H 180D, re-
spectively. The harvested tissues were immediately fixed
in 4% formaldehyde for 4 h and dehydrated by a series
or graded ethanol solutions before being embedded in
paraffin. The tissues were then sectioned onto glass
slides. Immunochemistry was performed on formalin-
fixed, paraffin-embedded tissue sections as previously
decribed [16]. Tissue slides were deparaffinized with
xylene and washed in serial dilutions of ethanol. Three
percent hydrogen peroxidase (H2O2) was used to block
endogenous peroxidase activity, after which appropriate-
ly diluted primary antibodies [rabbit anti-NGF antibody
(1:750; anti-NGF/ TA300799/ OriGene), rabbit anti-
CD31 polyclonal antibody (1:200; PA5–24411/
Invitrogen), rabbit MMP-2 polyclonal antibody (1:500;
TA330021/ OriGene), rabbit anti-IL1-beta polyclonal
antibody (1:200; TA336742/ OriGene), and rabbit anti-
TNF-alpha polyclonal antibody (1:300; PA5–19810/

Thermo)] were applied. The slides were washed with
phosphate-buffered sal ine (PBS) at each s tep.
Appropriately diluted biotinylated secondary antibody
(1:200; SIG-A0545/ Sigma) was applied, followed by
chromogenic detection using DAB as the substrate.
The slides were counterstained in hematoxylin and
dehydrated with ethanol and xylene prior to mounting
and examination via an optical microscope.

Western blot analysis

The samples were homogenized in a lysis buffer (PRO-
PREPTM solution, iNtRON Biotechnology) and incubat-
ed for 20 min on ice to induce cell lysis [17]. The lysis
was centrifuged at 13,000 rpm (4 °C) for 10 min and
the supernatant transferred to a fresh 1.5-ml tube. The
protein content of the supernatant was estimated by the
Bradford method. The samples (30 μg per lane) were
m i x e d w i t h s amp l e b u f f e r c o n t a i n i n g 1 0%
mercaptoethanol (Sigma). The mixtures of lysates and
sample buffers were heated at 100 °C for 10 min and
applied to a 10% sodium dodecyl sulfate polyacrylamide
gel for electrophoresis. The proteins were electrophoret-
ically transferred onto nylon membranes and nonspecific
bindings blocked for an hour at room temperature with
10% (w/v) milk. After repeated washing with TBS con-
taining 0.1% (v/v) Tween 20 (TBST), the membranes
were incubated overnight at 4 °C with the antibody at
1:10,000 dilution (anti-NGF/TA300799/OriGene; anti-
IL1 antibody/TA336742/OriGene; anti-MMP2 antibody/
TA336592/OriGene; anti-TNF antibody/PA5–19810/
Thermo). After rinsing in TBST three times, each of
10-min duration, the membranes were incubated with
goat anti-rabbit lgG horseradish peroxidase conjugate
antibody (SIG-A0545, Sigma, 1:10000). The membrane
was then incubated in chemiluminescence reagent for
5 min and exposed to high-performance chemilumines-
cence film. The film was developed and used to mea-
sure optical density. The optical density of the band was
quantified by the UN-SCAN-ITTM gel and graph digi-
tizing software.

Outcome measures

The outcomes measured were the density of the inflam-
matory reaction produced by interleukin-1 (IL-1), tumor
necrosis factor-α (TNF-α), nerve growth factor (NGF),
matrix metalloproteinases (MMPs), and CD-31 (surface
antigen) around the surgical site/area of implants and
their association with the functional urodynamic investi-
gation of the SD rats.
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Statistical analysis

Study groups included explant of partial or total mesh,
sham, and control. Descriptive statistics were used in
analysis of the results of NGF, IL-1, TNF-α, MMP-2,
CD-31, and urodynamic parameters, with all data
expressed as mean ± standard deviation (SD). The

differences among groups and pair-wise comparisons
for continuous parametric variables were analyzed by
post hoc Sidak test for NGF, IL-1, TNF-α, MMP-2,
CD-31, and urodynamic parameters. P < 0.05 was con-
sidered statistically significant. All statistical methods
were performed using SPSS commercial software, ver-
sion 17 (SAS Institute, Cary, NC).

Table 1 Postoperative
urodynamic study (UDS) param-
eters in control, sham (dissection),
and study groups at Day 60 and
Day 180

VP (cmH2O) Groups Value p valuea p valueb

Day 1 Control n=6 50.4±16.2

Day 60 Sham n=6 53.0 ± 7.1 (Reference)

M-H n=6 49.0 ± 8.5 0.444 (Reference)

M-T n=6 37.0 ± 10.5 0.022 0.026

Day 180 Sham n=6 51.6 ± 5.1

M-H n=6 49.8 ± 8.6 0.695 (Reference)

M-T n=5** 45.5 ± 7.1 0.160 0.417

VI (s)

Day 1 Control n=6 439.6 ± 91.2

Day 60 Sham n=6 396.8 ± 62.4 (Reference)

M-H n=6 408.2 ± 54.1 0.742 (Reference)

M-T n=6 339.8 ± 61.9 0.096 0.044

Day 180 Sham n=6 383.9 ± 67.0

M-H n=6 391.2 ± 84.0 0.872 (Reference)

M-T n=5** 357.0 ± 63.2 0.490 0.444

VV (μl)

Day 1 Control n=6 0.65 ± 0.19

Day 60 Sham n=6 0.67 ± 0.20 (Reference)

M-H n=6 0.53 ± 0.21 0.264 (Reference)

M-T n=6 0.55 ± 0.15 0.271 0.834

Day 180 Sham n=6 0.60 ± 0.19

M-H n=6 0.46 ± 0.18 0.212 (Reference)

M-T n=5** 0.49 ± 0.15 0.288 0.755

LPP (cmH2O)

Day 1 Control n=6 19.6 ± 2.7

Day 60 Sham n=6 19.2 ± 2.2 (Reference)

M-H n=6 18.7 ± 2.9 0.756 (Reference)

M-T n=6 14.5 ± 3.0 0.012 0.035

Day 180 Sham n=6 19.5 ± 2.2

M-H n=6 18.5 ± 3.4 0.537 (Reference)

M-T n=5** 14.8 ± 2.9 0.012 0.074

VP, voiding pressure; VV, voiding volume; VI, voiding interval; LPP, leak point pressure. Data listed as mean ±
standard deviation
a p values (between groups) for comparison among Sham, M-H, and M-T
b p values (between group) for comparison between M-H and M-T

Post hoc Sidak test

**One rat died

p < 0.05 was considered statistically significant
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Table 2 Immunochemistry
analysis of IL-1, TNF-α, MMP-2,
NGF, and CD-31 in control,
sham, and study groups at Day 60
and Day 180

IL-1 Groups Relative expression (/control, %) p valuea p valueb

Day 1 Control n=6 42.2±6.3

Day 60 Sham n=6 52.4 ± 17.6 (Reference)

M-H n=6 46.5 ± 14.0 0.571 (Reference)

M-T n=6 78.6 ± 16.0 0.039 0.010

Day 180 Sham n=6 39.3 ± 11.6 (Reference)

M-H n=6 44.1 ± 19.8 0.649 (Reference)

M-T n=5** 49.3 ± 12.9 0.234 0.641

TNF-α

Day 1 Control n=6 38.2 ± 13.7

Day 60 Sham n=6 48.0 ± 9.9 (Reference)

M-H n=6 44.3 ± 11.3 0.597 (Reference)

M-T n=6 62.6 ± 8.2 0.035 0.019

Day 180 Sham n=6 30.7 ± 7.6 (Reference)

M-H n=6 42.0 ± 9.8 0.078 (Reference)

M-T n=5** 40.8 ± 9.9 0.108 0.863

MMP-2

Day 1 Control n=6 58.6 ± 8.9

Day 60 Sham n=6 49.2 ± 17.0 (Reference)

M-H n=6 47.0 ± 20.8 0.857 (Reference)

M-T n=6 67.2 ± 14.6 0.111 0.114

Day 180 Sham n=6 42.3 ± 14.0 (Reference)

M-H n=6 40.9 ± 14.9 0.889 (Reference)

M-T n=5** 60.5 ± 21.4 0.148 0.131

NGF

Day 1 Control n=6 11.4 ± 3.4

Day 60 Sham n=6 13.2 ± 3.7 (Reference)

M-H n=6 14.0 ± 8.0 0.848 (Reference)

M-T n=6 19.7 ± 3.5 0.023 0.188

Day 180 Sham n=6 12.7 ± 3.6 0.351

M-H n=6 12.6 ± 4.0 (Reference) –

M-T n=5** 16.1 ± 5.7 0.955 (Reference)

CD-31

Day 1 Control n=6 8.4 ± 3.4

Day 60 Sham n=6 10.7 ± 3.0 (Reference)

M-H n=6 10.9 ± 3.0 0.926 (Reference)

M-T n=6 12.7 ± 2.6 0.317 0.357

Day 180 Sham n=6 8.8 ± 4.1 (Reference)

M-H n=6 10.5 ± 4.7 0.590 (Reference)

M-T n=5** 9.5 ± 2.6 0.772 0.713

Data listed as mean ± standard deviation

IL-1, interleukin-1 (IL-1); TNF-α, tumor necrosis factor-α; NGF, nerve growth factor; MMP-2, matrix metallo-
proteinases; CD-31, angiogenesis surface antigen

Control, no surgery was performed; Sham, vaginal dissection alone was done (no mesh);M-H, mesh implanted,
removed partially; M-T, mesh implanted, removed totally
aP values (between groups) for comparison among Sham, M-H, and M-T
bP values (between group) for comparison between M-H and M-T

Post hoc Sidak test

**One rat died

P < 0.05 was considered statistically significant
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Results

Forty-eight female SD rats (12.8 ± 1.0 weeks old and
weighing 399.3 ± 24.2 g) were used. One rat in the M-
T 180D group did not survive the study. No other com-
plications were observed in the study of the other rats.
A total of 47 SD rat results were analyzed.

Urodynamic parameters

The UD parameter results are shown in Tables 1 and 2 and
Fig. 1. The M-T 60D voiding pressure was significantly de-
creased compared to the Sham 60D and M-H 60D, but no
difference was noted in M-T 180D and M-H 180D compared
to Sham 180D. The voiding interval of M-T 60D was signif-
icantly shorter than that of M-H 60D, but no difference was
noted compared to Sham 60D. There was no significant dif-
ference in voiding volumes among the groups. In the M-T
60D and M-T 180D groups, the leak point pressure was sig-
nificantly less than in their corresponding sham groups. The
leak point pressure of M-T 60D was also significantly less
than that of M-H 60D. There were no significant differences
between the partially explanted groups (M-H 60D and M-H
180D) and sham.

Immunochemical analysis

IL-1 and TNF-α were significantly more intense in M-T 60D
compared to M-H 60D and Sham 60D, but declined after
180 days (M-T 180D), as shown in Fig. 2 and Table 2.
There were no significant differences in MMP-2 and CD-
31s throughout the group. NGF was significantly greater
in M-T 60D compared to Sham 60D but decreased after
180 days (M-T 180D). Compared to the sham groups,
there were no significant differences in the partially
explanted groups (M-H 60D and M-H 180D).

Our findings from the immunochemical analysis were cor-
roborated by the Western blot results, with darker and thicker
lines as shown in Fig. 3.

Discussion

Histopathological analysis of transvaginal sling tape excised
for clinical indications showed inflammation, fibrosis, and
foreign body reactions [18, 19]. To our knowledge, no studies
are available evaluating the effect of mesh excision on tissue
healing. The process of healing occurs as a cascade of events
that consists of four arbitrary phases: hemostasis, inflamma-
tion, proliferation, and wound remodeling [20]. Our previous
animal studies showed that once synthetic mesh has been im-
planted into the tissue of the vagina, the migration of macro-
phages and fibroblasts triggers the release of inflammatory

cytokines such as IL-1, MMP-2, TNF-α, CD-31, and NGF.
The ideal time to evaluate the effects on tissue is 30 days after
a procedure when the tissue has stabilized [10–12]. Hence, in
the present study, immunohistochemical and urodynamic
studies were performed 60 and 180 days after mesh extraction.

The results of this study showed that inflammatory media-
tors (IL-1 and TNF) were significantly increased in the com-
plete mesh removal group at 60 days (M-T 60D). The inflam-
matory response is related to the extensiveness of the proce-
dure. As the healing process continues, no significant differ-
ence was found within each group (180 days).

MMP-2 plays a role in the tissue recovery phase, including
cell proliferation, migration, angiogenesis, and apoptosis [17,
20]. Factors that influence tissue remodeling include the ex-
tensiveness of the surgery and implantation of a foreign body
[11]. The present study revealed no significant difference be-
tween the sham and study groups at 60 and 180 days, which
may be attributed to the longer follow-up time period.

The detrimental effects of complete removal of the im-
planted mesh were seen in the urodynamic study. This may
be attributed to the extensive surgery resulting in a greater
inflammatory response and requiring a longer time for recov-
ery. M-T 60D had a significantly shorter voiding interval
compared to M-H 60D and decreased voiding pressure com-
pared to Sham 60D and M-H 60D. The extensiveness of
the procedure was also related to impaired urethral func-
tion. LPP was significantly lower and correlated to
greater intensity in the NGF in MT groups. NGF, a
neurotrophin that mediates apoptosis, may contribute to
lower urinary tract symptoms [21].

Tissue integration and angiogenesis is a continuous pro-
cess. Our previous study showed that mesh enhances the an-
giogenesis process. However, in the present study, there were
no significant differences in the CD-31 marker (a marker
expressed by inflammatory cells that usually indicates angio-
genesis) [16] throughout the study groups, whichmay indicate
that angiogenesis takes place before day 60 and returns to
baseline thereafter.

The mechanism of mesh implant-related complications is
not fully understood. Possible causes include the surgical
technique, experience, host condition, infection, menopause,
and type of mesh used. Mesh exposure, pain, and the patient’s
preference due to concerns regarding the FDA’s warnings are

�Fig. 1 Magnitude of change in immunochemical evaluation and
urodynamic parameters. IL-1, TNF-α, MMP-2, NGF, and CD31 on
Day 60 and Day 180 after transvaginal mesh explanted in SD rats. VP
(voiding pressure), VV (voiding volume), VI (voiding interval), and LPP
(leak point pressure) on Day 60 and Day 180 after transvaginal mesh was
explanted in SD rats.Control, no surgery was performed; Sham, vaginal
dissection alone was done (no mesh); M-H, mesh implanted, removed
partially; M-T, mesh implanted, removed totally. * Statistically
significant when compared to sham. #Statistically significant when
compared to Sham M-H
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reasons for mesh removal. Nevertheless, whether to carry out
complete or partial removal of mesh is still controversial. Some
authors prefer complete removal of mesh to prevent repeat

exposure in the event of an underlying infection or when signs
of mesh rejection (self-dissecting from the surrounding tissue) are
found [8]. Excessive tension from shrinkage of the mesh’s main
body against the serrated arms causes vaginal contracture.Relief of
the tension by dividing the central graft from the arms and excising
all areas of the mesh contraction leads to an 88% reduction in
vaginal pain and 64% reduction in dyspareunia. Further improve-
ment was seen in patients who underwent removal of the entire
accessible mesh, but with increased risk of visceral injury and
hemorrhage and difficulty in reapproximation of the vaginal
epithelium [22]. Contrarily, in patients who present with vagi-
nal pain, 51% of patients continue to exhibit persistent pain
symptoms after removal, and those whose accessible mesh
was completely removedwere notmore likely to have improve-
ment of symptoms [23]. POP recurrence is found in 29% and
5% of patients with complete and partial excision of mesh,
respectively [24]. Nonetheless, there is a failure rate of 8%
requiring repeat excision for partial excision of the mesh [25].

In the present study, the number of control SD rats was
reduced in compliance with the IACUC’s recommendation.
We found that in rats, extensive, complete removal of im-
planted mesh is associated with a detrimental effect on bladder
and urethral function. Although most complications associat-
ed with pelvic mesh excision surgery are minor, serious com-
plications may occur [26]. Proper patient counseling is essen-
tial and surgical experience essential. Unless the entire mesh is
easily accessible (as seen in infectious or mesh rejection
cases), the complicated mesh should be removed and limited
to the involved portion.

Limitations and strengths

The strengths of our study include experimental groups with
procedures carried out under a controlled environment and
specifically designed to simulate TVM placement in female
POP surgeries. Sterile mesh was used in the study, and no
post-procedure infections occurred. This may be considered
a limitation as it may be inadequate to fully elucidate the
complexity of the entire wound healing process.

Conclusion

In conclusion, our results suggest that total explantation of
mesh incites a direct host inflammatory response and lower
urinary tract dysfunction. Low leak point pressure, shortened
voiding intervals, and low voiding pressure were found at day
60. However, these reactions were transitory. After the recov-
ery process, no differences were seen in the inflammatory
response and lower urinary tract dysfunction by day 180.
Despite the good outcomes observed, the invasiveness and
surgical risk associated with repeated procedures should not
be underestimated.

Fig. 3 Western blot analysis in IL-1, TNF-α, MMP-2, NGF, and CD31
on Day 60 and Day 180 after mesh explanting surgery in SD rats a.
Control; b Sham 60, day 60 after surgery alone; c M-H 60, day 60 after
mesh was partially explanted; d M-T 60, day 60 after mesh was totally
explanted; e Sham 180, day 180 after surgery alone; fM-H 180, day 180
after mesh was partially explanted; g M-T 180, day 180 after mesh was
totally explanted

�Fig. 2 Immunochemical staining. IL-1, MMP-2, TNF-α, NGF, and CD-
31 of urogenital tissues at Days 60 and 180 after mesh explantation
surgery (×100 magnification) A1 Day 60 after mesh was partially
explanted in the M-H group; A2 day 180 after mesh was partially
explanted in theM-H group; B1 day 60 after mesh was totally explanted
in theM-T group; B2 day 180 after mesh was totally explanted in theM-
T group; S1 day 60 after surgery alone in the sham group; S2 day 180
after surgery alone in the sham group; C1 control group. *Brown spots
signify antibody staining
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