
Original Article

In Vivo Evaluation of the Efficacy and Safety of a Novel Degradable
Polymeric Film for the Prevention of Intrauterine Adhesions

St�ephanie Huberlant, MD, PhD*, Salome Leprince, PhD*, Lucie Allegre, MD,
Sophie Warembourg, MD, Isabelle Leteuff, MD, Hubert Taillades, Xavier Garric, PhD*,

Renaud de Tayrac, MD, PhD, and Vincent Letouzey, MD, PhD*
g,

and

e

ter-

the

ere

ivo
From the Institut des Biomol�ecules Max Mousseron, UMR 5247, CNRS, Universit�e Montpellier, ENSCM (Drs. Huberlant, Leprince, Allegre, Warembour

Leteuff, Garric, de Tayrac, and Letouzey), Experimental Department, University of Montpellier (Mr. Taillades), Montpellier, Department of Gynecology

Obstetrics, CHU N̂ımes, University of Montpellier, N̂ımes (Drs. Huberlant, Allegre, de Tayrac, and Letouzey), and Gynecology Department, Croix-Rouss

University Hospital, Hospices Civils de Lyon, Lyon (Dr. Warembourg), France

ABSTRACT Study Objective: To study the safety of a degradable polymeric film (DPF) and its efficacy on reducing the risk of intrau

ine-adhesion (IUA) formation in a rat model.

Design: A series of case-control studies relying on random allocation, where feasible.

Setting: University and good practice animal laboratories.

Animals: The animal models comprised female and male Oncins France Strain A and female Wistar rats.

Intervention(s) and Measurements: The Oncins France Strain A rats were used for in vivo evaluation of the impact of

DPF on endometrial thickness and its effect on fertility. For in vivo evaluation of the biologic response, 40 Wistar rats w

randomly allocated to intervention and control groups, with matched sampling time after surgery. Finally, for the in v
evaluation of the DPF’s efficacy on IUA prevention, a total of 24 Wistar rats were divided into 3 groups: 1 treated with the
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DPF, 1 treated with hyaluronic acid gel, and a sham group.

Main Results: The DPF did not have a significant impact on endometrial thickness, and there were no significant differ

ces in the number of conceived or prematurely terminated pregnancies, confirming its noninferiority to no treatment.

DPF did not induce irritation at 5 days and 28 days. Finally, the DPF significantly reduced the likelihood of complete I

formation compared with hyaluronic acid gel− and sham-implanted animals, where only 27% of the animals had their u

ine cavity obliterated compared with 80% and 100%, respectively.

Conclusion: The DPF is a safe film that is effective in preventing IUA formation after intrauterine curettage in rats. Jou

of Minimally Invasive Gynecology (2020) 00, 1−7. © 2020 AAGL. All rights reserved.
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e adhesions (IUAs) result from an endometrial

g to a partial or complete obliteration of the

[1,2]. A meta-analysis of 10 randomized con-

involving 912 women calculated an IUA

prevalence after miscarriage of 19.1% (95% confide

interval [CI], 12.8%−27.5%) [3]. IUAs can also occur a

intrauterine surgical interventions for the management

uterine leiomyomas, septa, and polyps. A diagnosis
* Drs. Leprince, G
arric, Huberlant, and Letouzey currently have a patent Nı̂mes (AOI grant), and SATT AxLR (program “ANTISYN”). The in
w

d

-

orted by Gedeon Richter France. Dr. Leprince’s PhD was

TT AxLR, a technology transfer acceleration company

ISYN”), and the Languedoc Roussillon Region (program

venir,” attributed to Dr. Garric). Dr. Huberlant’s PhD was

e University Hospital of Nı̂mes. This research was sup-

iversity of Montpellier (BUSR grant), CHU Caremeau of

E-mail: stephanie.huberlant@chu-nimes.fr

Submitted September 15, 2020, Revised October 27, 2020, Accepted fo

lication October 28, 2020.

Available at www.sciencedirect.com and www.jmig.org

see front matter © 2020 AAGL. All rights reserved.

0.1016/j.jmig.2020.10.025
vivo
d at

and
(WO2016020613) for the polymer and its applications. Drs. Huberlant and

Garric have developed a start-up company on the basis of the results of the

evaluation of the biologic response and its efficacy were performe

Phycher Bio D�eveloppement, a company owned by the Icare group,
t of

HU
current study, and Dr. Leprince is currently employed in this ne

company. The other authors declare that they have no conflict of interest.

The reproductive study was conducted with financial support from “Fon

de sant�e de la femme” of the French College of Gynecologists and Obste
was funded by Womed SAS.

Corresponding author: St�ephanie Huberlant, MD, PhD, Departmen

Gynecology and Obstetrics, CHU Nimes, University of Montpellier, C

Caremeau, 4 Rue du Professeur Robert Debr�e, 30029 Nı̂mes, France.
r pub-

mailto:stephanie.huberlant@chu-nimes.fr
www.sciencedirect.com
www.jmig.org
https://doi.org/10.1016/j.jmig.2020.10.025


IUAs can be suspected when pain or abnormal bleeding

occurs after surgical or obstetric intrauterine trauma [4].

Although iatrogenic trauma is established as 1 of the main

precipitating factors, the exact underlying pathophysiology

of IUA formation is less well known. IUAs can lead to pri-

mary or secondary subfertility, early or late miscarriage,

and increase the risk for several obstetric complications,

including abnormal placentation, postpartum hysterectomy,
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Wistar rats (specific pathogene free caw; 9−10 weeks old),

supplied by Janvier Labs (Le Genest-Saint-Isle, Mayenne,

France). The animal strain used depended on availability at

the time of conducting the experiment. All animal investi-

gations were approved by the ethics committee of the

French Ministry of Education and Research (contract num-

ber 02367.01, task order 1065, and ecart number 76) and

carried out in accordance with European Union Directive
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prematurity, and cesarean section [3,5−8]
Hysteroscopy remains the mainstay for IUA diagnosi

and treatment; nevertheless, it carries the risk of IUA recur

rence [9−11]. Several antiadhesive strategies, includin

hormonal therapy, intrauterine devices, intrauterine bal

loons, and barrier gels, have been evaluated with controver

sial results [12,13]. Although there is evidence that barrie

gels can reduce the incidence and severity of de novo IUA

after operative hysteroscopy [13], there is limited evidenc

relating to their effectiveness on improving pregnancy rate

[14]. We previously described the efficacy of a degradabl

polymeric film (DPF) in a rat model on postoperativ

abdominal adhesion [15,16]. The aim of the present stud

was to assess the safety of the DPF, its efficacy on reducin

the risk of IUA formation, and its impact on fertility in a ra

model.

Materials and Methods

Polymer Synthesis and Shaping

The DPF was synthesized at the biopolymer laborator

at the University of Montpellier, France, and previousl

described by Leprince et al [16]. For the evaluation of endo
metrial thickness and fertility impact, the DPF was shaped

by hot extrusion with a powder filament extruder (Noztek,
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Shoreham-by-Sea, United Kingdom) to obtain a polyme

filament with a diameter of 1.5-mm. For the evaluation o

biologic response and IUA prevention, the DPF was synthe

sized at PolymerExpert (Pessac, France) and shaped by ho

pressure to obtain a film (10 mg; length 1.3 § 0.1 cm). Th

copolymer was sterilized by irradiation between 27.7 kG

and 36.6 kGy by Ionisos (Chaumesnil, France). The DPF i

now manufactured under the brand name of “Womed Leaf

(Womed SAS, Montpellier, France).

Animal Preparation

The evaluation of endometrial thickness and fertility wa

conducted at the Experimental Department of the Univer

sity of Montpellier (Montpellier, France) on Oncins Franc

Strain A (OFA) female rats (7−8 weeks old) weighin
between 250 g and 275 g. OFA male rats weighing between

275 g and 300 g (purchased from Earl Cegav SSC, St. Mars

y
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fter

and

the DPF inserted (Supplemental Fig. 1A). No DPF was placed

ted

ive

gic
d’Egrenne, France) were also required for the fertilit

experiment. The evaluation of biologic response and IUA

prevention was conducted at Phycher Bio D�eveloppemen

(Pessac, France), under good laboratory practice, on femal
2010/63/EU for animal experiments. All efforts were m

to minimize animal suffering or distress and to use the m

mum number of animals necessary to produce reliable s

entific data. All the animals were in quarantine for 1 w

before treatment. They were placed individually in an

conditioned animal-holding facility (temperature 22˚C §
C; humidity 30%−70%) with free access to food s

means safe food for this type of animal and water. Th

were examined, weighed, and their litter changed da

respecting the guidelines of good practice and animal w

fare.

The OFA rats were anesthetized by intravenous per

sion of ketamine (50 mg/kg) and acepromazine (0.5 m

kg). Anesthesia for the Wistar rats was induced and ma

tained by inhalation of an oxygen−isoflurane mixture (I

Flo; Zoetis Inc., Kalamazoo, MI). Before surgery, the O

and Wistar female rats were weighed and injected w

buprenorphine (Buprecare at 0.05 mg/kg) and meloxic

(Meloxidolor at 0.5 mg/kg) subcutaneously. After anest

sia, the animals were shaved in the abdominal region, dis

fected with polyviode iodine, and wiped with 7

isopropyl alcohol, after which a sterile drape was placed

the operative site. One mL subcutaneous lidocaine 0.

was injected before the cutaneous incision. An abdomi

vertical skin incision was performed, followed by dissect

with scissors of the subcutaneous and muscle fascia tissu

The peritoneum was opened with scissors, allowing acc

to the abdominal cavity to rule out organic disease of

reproductive system (uterus, oviducts, and ovaries). T

uterus was exteriorized for the procedure. For both types

animals, buprenorphine (0.02 mg/kg) was systemica

administered twice a day for 3 days. At the end of each p

tocol or in case of reaching the tolerance-limit point,

animals were euthanized by lethal injection of sodium p

tobarbital after anesthesia by ketamine to limit the pain.

animals were reused for other experiments.

In Vivo Evaluation of the Impact of the DPF on
Endometrial Thickness

The objective was to evaluate the impact of the DPF on

rat’s uterine horn endometrial thickness, as measured histol

ically. This study was performed on 7 OFA female rats. A

animal preparation, the right horn’s extremity was opened
in the left horn (control). The horns’ extremities were liga

to limit film expulsion (Supplemental Fig. 1B). The operat

and postoperative complications were recorded. Histolo



analysis was performed after euthanasia and salpingectomy at

day 1 (2 rats), day 5 (3 rats), and day 12 (2 rats). The last time

point coincides with the expected full degradation of the DPF

in rats. The horns were split longitudinally, fixed in formalin

(formaldehyde 3.5% and phosphate-buffered saline), and

embedded in paraffin wax. The samples were analyzed after

hematoxylin−eosin−safran staining. The endometrial thick-

ness was measured microscopically in 3 sections, at the center
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inguinal lymph nodes were preserved in an alcohol−forma-

lin−acetic acid medium, dehydrated, and then embedded in

paraffin wax. Sections of approximately 4 mm were stained

with hematoxylin−eosin before assessment, using the NF-

ISO 1993-6 grading system (available on request). The irri-

tation score was calculated on the basis of the mean of the

sum of tissue damage (necrosis) and cellular inflammatory

parameter scores weighted with a factor of 2 plus the repair
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of the horn and at each of the extremities, using NDP.view

viewing software (Hamamatsu Photonics UK Limited, Hert

fordshire, United Kingdom), and the average endometria

thickness was calculated for each horn (Supplemental Fig. 2).

In Vivo Evaluation of the Impact of the DPF on Fertility

The reproductive outcome was evaluated in a prospec

tive randomized study of 20 OFA female rats. Randomiza

tion was used to determine which horn was to be implanted

The selected horn was incised, the DPF was inserted, an

the horn was sutured; the other horn was used as contro

The main end point was the number of pregnancies pe
horn. The purpose of the test was to demonstrate the nonin-
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feriority of the DPF-treated horns compared with those o

the controls. The female rats were monitored in individua

cages for 15 days to allow for abdominal healing and DP

degradation as demonstrated in our previous study [16]. O

day 15, they were mated with 5 OFA males to mitigat

potential bias caused by variation in sperm

parameters. Fifteen days after mating, manual palpation o

the abdomen and abdominal ultrasound were used to con

firm the pregnancies. The animals were then euthanize

and the number of fetuses counted in each horn.

In Vivo Evaluation of the Biologic Response to the DPF

In total, 40 Wistar female rats contributed to this experi

ment. The animals were randomly allocated to 1 of 6 group

arranged in 3 pairs: groups 1 and 2 (5 intervention animal

and 5 controls, sampled 24 hours after surgery); groups

and 4 (5 intervention animals and 5 controls, sample
5 days after surgery); and groups 5 and 6 (10 intervention
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animals with left horn implantation and 10 controls wit

left horn incision only, sampled 28 days after surgery). A 4

cm-long longitudinal midline abdominal incision from th

urinary bladder was made. The uterine horn was exterior

ized from the abdominal cavity ligated close to the uterin

junction with the other uterine horn without cutting of

blood circulation. An incision was made, and either 3-m

DPF was introduced (intervention), or a sham incision with

out DPF implantation (control) was made, depending on th

rat group allocation. The incision was then sutured and th

uterine horn replaced in the abdominal cavity. Dependin

on the group allocation, the same procedure was repeate

on the second uterine horn, if required.

On the basis of the a priori sampling time, the anima

was euthanized, and the uterine horns and the drainin
phase of inflammation (fibrosis and neovascularization) a

fatty infiltrate parameter scores. The irritation ind

reflecting the intensity of the inflammatory process and

local tissue effects, was determined by subtracting the i

tation score of controls from the score of DPF-implan

animals within each of the paired groups. An irritat

index of 0 to 2.9, 3.0 to 8.9, 9.0 to 15.0, and >15 was c

sidered non-, slightly, moderately, or severely irrita

respectively. Distant organs (e.g., stomach, intestine, r

tum, liver, spleen, inguinal nodes, heart, aorta, pancre

kidneys, and vagina) were macroscopically and microsco

cally evaluated at 28 days.

In Vivo Evaluation of the DPF’s Efficacy on IUA
Prevention

In total, there were 24 animals divided into 3 groups o

rats each: group 1 (15 horns abraded and treated with

DPF and 1 control horn); group 2 (15 horns abraded a

treated with hyaluronic acid [HA] gel [0.5 mL; Hyalob
group 3, sham group (15 horns abraded but not treated a

1 control horn). The 3 control horns did not undergo

abrasion procedure, did not receive any treatment, and ac

as histologic references for a healthy horn. From the urin

bladder level, a 4-cm-long longitudinal midline abdomi

incision was made. The uterine horn was exteriorized fr

the abdominal cavity and incised over its entire leng

Depending on the group allocation, the endometrial lin

was abraded by scratching with a scalpel blade to remo

the epithelial layer § implanted agent [17]. The uter

horn was then ligated close to the uterine junction with

other horn and 2 mm to 3 mm under the abraded area w

out cutting off blood circulation to keep the DPF and H

gel in contact with the uterine horn. After 7 days, the a

mals were euthanized and the uterine horns preserved in

alcohol−formalin−acetic acid medium, dehydrated, a

then embedded in paraffin wax. Caudal, medial, and cer

cal sections were taken from each horn and stained w

hematoxylin−eosin. The presence of intrauterine adhesi
was evaluated for each uterine horn. The incidence of IU

was defined as the presence of complete adhesion in at le

1 of the 3 sections of the horn.

Statistical Analysis

Before the reproduction study, a power analysis, c

ducted with a significance level of 5% on the basis of



variance from a statistical 2-sample t test, resulted in a

power of 80%. The mean endometrial thickness, calculated

from 3 measurements per horn, were compared in the inter-

vention and control arms using the Mann−Whitney U test.

The mean number of pregnancies per horn were compared

in the intervention and control arms using a paired t test.

Fertility noninferiority was based on the difference in the

average number of ongoing and prematurely terminated
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to −0.007]). These results support DPF noninferiority

because the lower bound of the CI for the mean difference

in ongoing pregnancy was greater than, and the upper

bound of the CI for the mean difference in prematurely ter-

minated pregnancies was lower than, the preset noninferior-

ity threshold of −1 and 0.5, respectively.

In Vivo Evaluation of the Biologic Response to the DPF
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pregnancies in the DPF and control groups. The a prior

thresholds for noninferiority were −1 and 0.5 for the tota

number of ongoing pregnancies and the number of prema

turely terminated pregnancies, respectively. The lower an

upper bounds of the CIs for the difference in the averag

number of ongoing and terminated pregnancies, respec

tively, were compared with these thresholds to assess non

inferiority. The efficacy of the DPF for IUA prevention wa

assessed using the Fisher exact test because the compariso

of proportions of the existence of adhesions was on a sma

sample of <30.

Results

In Vivo Evaluation of the Impact of the DPF on
Endometrial Thickness

The endometrial thickness was noted to be thinner o

day 1 in the DPF group than in the control group. Howeve

the difference in thickness at all the implantation time peri
ods (1, 5, and 12 days) was not significantly different
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between the groups (Table 1).

In Vivo Evaluation of the Impact of the DPF on Fertility

A total of 144 and 131 pregnancies were clinicall

observed in the DPF and control groups, respectively, an

this difference was not statistically significant. The averag

of total pregnancies identified per horn was 7.2 (§2.56) fo

the DPF group compared with 6.5 (§2.81) in the controls,
difference of 0.65 (p = .38), whereas there were 9 prema-
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turely terminated pregnancies in the polymer group and 1

in the control group (p = .09). The mean difference in ongo

ing pregnancy between the DPF and control groups was 1.

(95% CI, 0.089−inf), whereas the mean difference in pre

maturely terminated pregnancies was −0.45 (95% CI, −in

Table 1

Endometrial thickness measurements (mm) in the DPF and control

groups at day 1, day 5, and day 12

Day of analysis DPF group (n = 7) Control group (n = 7) p-value
Day 1 337.3 § 118.9 693 § 371.8 .09

Day 5 897 § 441 927.8 § 226 1.1

Day 12 647.3 § 147.9 777 § 406.5 .2

DPF = degradable polymeric film.
One animal in the control group was found dead on d

7, and missing small intestine and cecum were the o

macroscopic findings recorded at necropsy. Apart fr

this, we did not observe any unexpected clinical signs

either the DPF or control groups. Macroscopic and mic

scopic examination of the animals at 28 days did not rev
at

the
There were no macroscopic anomalies seen in the ingui

lymph nodes draining the implantation sites. Fig. 1 ill

trates an example of the histopathologic examinations

the uterine horns at 24 hours, 5 days, and 28 days a

implantation in both the DPF and control groups. Exami

tions showed that 24 hours after implantation, the D

induced a minimal to mild inflammatory process within

endometrium in 4 out of 5 animals. This was characteri

by an infiltration of the polymorphonuclear cells and

macrophages and was associated with the flattening of

epithelial cells, focal or localized extensive erosion, an

luminal exudate in the DPF group when compared with

control uterine horns. At 5 days, the induced inflammat

process was still observed within the endometrium but a

lower incidence (3 out of 5 animals) and severity wh

compared with the 24-hour period. At 28 days, the mac

scopic examination of the implantation sites showed t

the segment of uterine horns between the ligature made d

ing the implantation procedure and the ovaries were hyp

trophied and fluid-filled in 8 out of 10 and 8 out o

females from the DPF and control groups, respective

These changes were bilateral in 7 of the 8 affected anim

in each group. Histopathologic examinations showed t

luminal dilatation, recorded in 5 out of 10 and 8 out o

females of the DPF and control groups, respectively, w

the histologic correlate of the hypertrophied uterine ho

observed at necropsy. Hence, these findings were deem

secondary to the implantation procedure. No morta

attributable to the DPF occurred during the study. Tabl

displays the biologic response of uterine tissues in the DP

treated and control groups. The DPF was classified

slightly irritant (irritation index 3.6) at the end of the

hour period and nonirritant at the end of the 5-day per

(irritation index 1.6) and 28-day period (irritation index

(raw data available on request).

In Vivo Evaluation of DPF Efficacy on IUA Prevention

In the sham group, 100% (15 out of 15 horns) had

least 1 complete IUA (Fig. 2A) in the 3 regions of



uterine horn. When comparing the DPF- and HA-treated

groups, 26.7% (4 out of 15) and 80% (12 out of 15) horns

had at least 1 complete adhesion, respectively (p = .009;

66% reduction) (Fig. 2).

Discussion

s

t

f

compared with the control group. In addition, we demon-

strated that the DPF was biologically well tolerated, with

no evidence that it induced any signs of tissue toxicity.

Although the DPF was classified as slightly irritant 24 hours

after insertion, this irritation seemed to be short-lived

because it did not persist at later assessments. Finally, the

DPF significantly reduced the likelihood of complete IUA

formation compared with HA gel− and sham-implanted

m-

ly.

to

the

Fig. 1

Histologic examination (HES staining) of the uterine horns: (A, B, C) DPF group at 1 day, 5 days, and 28 days, respectively. (D, E, F) Sham group at

1 day, 5 days, and 28 days, respectively. DPF = degradable polymeric film; HES = hematoxylin−eosin−safran.
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Summary of Findings

Our study showed that although the endometrium wa

thinner on day 1 in the DPF-implanted animals, it did no

have a significant impact on endometrial thickness at any o
the tested time periods or on pregnancy-related outcomes ay

s at e n

x

)

Table 2

Mean irritation scores of uterine tissues in the DPF and control group

index of the DPF

Time period Group

24 h Treated with DPF
Sham group

5 d Treated with DPF

Sham group

28 d Treated with DPF

Sham group

DPF = degradable polymeric film.
animals, where only 27% of the animals had at least 1 co

plete adhesion compared with 80% and 100%, respective

The presence of IUAs in the DPF groups could be due

faster polymer degradation in some rats. Some areas of

horns not covered by the DPF owing to fragmentation m

ach interval time (24 hours, 5 days, and 28 days) and calculated irritatio

Mean irritation score DPF irritation inde

3.6 § 2.95 3.6 (slightly irritant
0.0 § 0.0

1.6 § 1.57 1.6 (nonirritant)

0.0 § 0.0

0.0 § 0.0 0.0 (nonirritant)

0.0 § 0.0



therefore be more susceptible to adhesion formation. In the

case of HA gel, and owing to the difference in galenic form

(gel vs film), the areas susceptible to adhesion formation

would be more numerous, which could explain the higher

rate of adhesions in the HA gel group. This observation sup-

ports the efficacy of the DPF in preventing IUA formation

after intrauterine procedures and concurs with previous

reports demonstrating its efficacy in preventing intraperito-
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a device intended to reduce such adhesions should cover

the entire uterine cavity. Indeed, in this study we were able

to confirm the DPF’s efficacy in preventing IUAs at multi-

ple uterine sections within the same horn. Furthermore, our

study is quite unique in that it also addressed the local and

distant tissue response to the polymer film, which is essen-

tial information for the development and licensing of such a

medical device. Therefore, we believe that the findings of

nt-
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Fig. 2

Prevention of IUAs. (A−D) Histology: HES staining of uterine horn sections at 7 days. (A) Sham group: the horn is fully closed by complete IUA. (B)

HA group: the horn is fully closed by complete IUA. (C) DPF group: the lumen is visible; no IUA. (D) Control group: the lumen is visible; no IUA. (E)

Number of uterine horns, in percentage, presenting at least 1 complete IUA at day 7 after uterine curettage in the sham group, HA group, and DPF group.

DPF = degradable polymeric film; HA = hyaluronic acid gel; HES = hematoxylin−eosin−safran; IUA = intrauterine-adhesion.
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neal adhesions [15,16].

Findings in Light of What Is Known

IUAs are an important cause of infertility, implantatio

failure, miscarriage, and obstetric complications [3]. Th

exact mechanism of their formation is unknown, and sev

eral management modalities have been proposed for thei

prevention and treatment [14]. Although there are severa
studies evaluating the impact of IUAs on different clinical
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bicornuate uterus enables the animal to act as its own con-
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1].
outcomes, there is a paucity of information in relation t

the efficacy of such interventions on improving fertilit

[13]. Indeed, although guidelines acknowledge that the us

of solid (intrauterine device or balloon) or semisolid (gel

barrier methods reduce postoperative IUA reformation, th

use of such barriers is not explicitly recommended, proba

bly owing to the lack of fertility data to justify their recom

mendation [18]. Furthermore, available barrier agents fo

the prevention of intraperitoneal adhesions cannot be use

in the uterine cavity through the vaginal route [13,19]. It i

also important to recognize that adhesions can form any

where within the uterine cavity; hence, it is imperative tha
our study demonstrating the efficacy of the DPF in preve

ing IUAs, its noninferiority in relation to fertility outcom

and its minimal biologic effect on the endometrium hav

significant clinical potential.

Strengths, Limitations, and Future Implications

We appreciate that our study has some limitations. Fi

our findings are based on an animal study. Nonetheless, r

are a good model for the evaluation of IUAs and are larg

used in similar experimental studies because of the relat

ease in managing their reproduction. Furthermore, th
trol [20]. Therefore, our choice of this model was built

currently available data of similar study designs beca

demonstrating the DPF’s efficacy in a model with a h

tendency for IUA formation will likely be effective i

lower-risk situation such as postmiscarriage curett

[17,20]. Second, in addition to assessing the macrosco

and microscopic effects of the DPF on the endometri

and draining lymph nodes, the evaluation of inflammat

markers would have complemented our results [2



However, the ability to test the impact of the DPF on endo-

metrial thickness, fertility, biologic responses on surround-

ing tissues, and IUA prevention in 1 study is a major

strength of our work. The natural progression now is to vali-

date our results in humans to assess the efficacy of the DPF

on IUA prevention in women. Some adjustments were per-

formed to adapt the polymeric film to the shape and dimen-

sions of the human uterus and to facilitate its transcervical
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4. Salazar CA, Isaacson K, Morris S. A comprehensive review of

Asherman’s syndrome: causes, symptoms and treatment options. Curr

Opin Obstet Gynecol. 2017;29:249–256.

5. Schenker JG, Margalioth EJ. Intrauterine adhesions: an updated

appraisal. Fertil Steril. 1982;37:593–610.

6. Tuuli MG, Shanks A, Bernhard L, Odibo AO, Macones GA, Cahill A.

Uterine synechiae and pregnancy complications. Obstet Gynecol.
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insertion into the uterine cavity while mitigating the risk o

any concomitant tissue trauma. This is currently under clin

ical investigation after hysteroscopic myomectomy t

assess the DPF’s efficacy as a preventive barrier agains

IUAs (NCT04381728).

Conclusion

In conclusion, the DPF has optimal degradation proper

ties, no long-term tissue irritation, and no negative impac

on fertility outcomes in rats. Moreover, the DPF signifi

cantly reduced the risk of IUA formation in the tested ani

mals compared with HA gel or no treatment. Therefore, th
DPF seems to be a potentially promising innovation for the
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prevention of intrauterine synechiae and their recurrence.
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