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Abstract

Background: A systematic review with pairwise and network meta-analyses was conducted to compare the clinical efficacy of treat-
ments in reducing intrauterine adhesion (IUA) recurrence and improving pregnancy outcome after hysteroscopic adhesiolysis. Methods:
PubMed, Web of Science, Embase, Cochrane library, and Clinicaltrials.gov were searched electronically up to January 17th, 2024, sup-
plemented with manual searches. Eligible studies were randomized clinical trials (RCTs) with allocation to intrauterine device (IUD),
auto-cross-linked hyaluronic acid (ACP), medical chitosan (MC) + IUD, Foley (Foley balloon catheter 3—7 days) + IUD, heart shape
balloon (HSB), dried amnion graft or bone marrow stem cells-scaffold or granulocyte colony-stimulating factor (DBG) + Foley/HSB, au-
tologous platelet gel or platelet-rich plasma (APG/PRP) + IUD/HSB, ACP + Foley/IUD, Foley, and heart shape balloon or Foley 1 month
(H/F) + IUD. We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Pairwise
meta-analyses were performed in random effects model when direct data were available; Network meta-analyses were conducted using
“mvmeta” and “network” packages in Stata MP 17.0. The primary outcomes were the recurrence of IUA and clinical pregnancy. The
secondary outcomes included menstrual blood volume and second-look IUA score. The research protocol was registered in PROSPERO
(CRD42024502941). Results: Fifteen RCTs comprising 1827 patients randomized to ten treatment protocols were included in this study.
Evidence quality was all low risk of bias. ACP and Foley + IUD (surface under the cumulative ranking curve area (SUCRA) 96.4% and
83.5%, respectively) seemed effective in reducing the recurrence of IUA, H/F + IUD and DBG + Foley/HSB (SUCRA 89.7% and 82.1%,
respectively) maybe effective in improving the clinical pregnancy according to network meta-analysis. Evidence on secondary treatment
outcomes was insufficient. Conclusions: Some of these protocols maybe effective in reducing the recurrence of IUA or increasing
clinical pregnancy. But the result should be interpreted with caution owing to the small studies, open-loop network analysis partly, and
insufficient evidence. More RCTs about DBG + Foley/HSB needs to be designed, the relative effectiveness of different degrees of IUA
treatment should be further clarified, and more attention should be paid to clinical pregnancy, menstrual flow, and second-look IUA
score.
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1. Introduction sions of different natures and positions can cause amenor-
Intrauterine adhesion (IUA) is an abnormal healing af- thea, oligomenorrhea, periodic lower abdominal pain, in-

fertility, habitual abortion, and other symptoms [1]. The

ter the basal layer of endometrium is damaged by trauma,
incidence of IUA varies with different populations and di-

infection, or other reasons. IUA is usually characterized by
endometrial fibrosis and scarring, endometrial thinning and agnostic criteria. Israel has the highest incidence (22.8%)
loss, hyperplasia, hyposecretion, adhesion of the front and ~ globally, followed by Greece (15.3%) and South America
rear walls of the uterus to varying degrees, and uterine cay-  (14.9%0) [2]. Currently, the main treatment method for [UA
ity volume reduction or even complete occlusion. Adhe- is hysteroscopic adhesiolysis. However, the recurrence rate
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of TUA is as high as 1 in 3 women with mild to moderate
IUA [3], and up to 62.5% for severe IUA [2]. Furthermore,
the rate of pregnancy is only 45.9% [4]. Therefore, pre-
vention of IUA recurrence and promotion of pregnancy fol-
lowing hysteroscopic adhesiolysis is the key to successful
treatment.

Several types of physical barrier have been proposed
to reduce the formation of IUAs after hysteroscopic ad-
hesiolysis, including postoperative hormone treatment, in-
trauterine device placement, Foley balloon catheter, auto-
cross-linked hyaluronic acid, and chitosan [5-9]. In re-
cent years, new bioactive factors or biomaterials have been
employed for their potential to repair the endometrium,
such as dry amnion-Foley balloon, granulocyte colony-
stimulating factor (G-CSF), autologous bone marrow stem
cells-collagen scaffold, and autologous platelet gel [5,10—
13]. In addition, all methods may be used in various com-
binations or for different durations. However, despite the
proposal of many methods, there is no consensus on the best
measure to prevent the formation of [TUA and improve the
pregnancy rate.

Hormone treatment may reduce the recurrence of [TUA
according to the American Association of Gynecologic
Laparoscopists (AAGL) [3]; consequently, most existing
studies have used hormone therapy in combination with
other postoperative treatment options. To compare the clin-
ical efficacy of various treatments in reducing IUA recur-
rence and improving pregnancy outcome and to guide fu-
ture clinical treatment, we conducted a systematic review
and meta-analysis of data from published randomized con-
trolled trials (RCTs) that used any postoperative preven-
tive measures for IUA after hysteroscopy based on hormone
treatment.

2. Materials and Methods
2.1 Search Strategy and Selection Criteria

For this systematic review and network meta-analysis,
we followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
[14]. We searched PubMed, Web of Science, Embase, and
Cochrane library databases using the keywords and Med-
ical Subject Heading (MeSH) terms “IUA” and “random-
ized controlled trial” (Supplementary file 1) from database
inception to January 17th, 2024, supplemented with man-
ual searches. We also searched Clinicaltrials.gov to secure
additional RCTs. The research protocol was registered in
PROSPERO (registration code CRD42024502941).

The inclusion criteria were: (1) participants had TUA
diagnosis according to hysteroscopy findings; (2) partici-
pants had a mean age 25 to 35 years; (3) participants un-
derwent hysteroscopic adhesiolysis followed by the appli-
cation of at least one antiadhesion or endometrium repair
treatment; (4) participants carried out a second-look hys-
teroscopy to diagnoses whether IUA recurrence or not; (5)
use pictorial blood-loss assessment chart (PBAC) score to

evaluate menstrual blood score [15]; (6) RCT study. The
exclusion criteria were: (1) study that compared the same
adjuvant treatment; (2) study with repeated use of the same
treatment; (3) animal study.

2.2 Outcome Measures

The primary outcomes were the recurrence of ITUA
and clinical pregnancy. A second-look hysteroscopy was
performed to make clear the recurrence of IUA. Clinical
pregnancy was defined as the presence of a gestational sac
with or without a fetal heartbeat by ultrasound. Secondary
outcomes included menstrual blood score and second-look
IUA score in case of adhesion recurrence. Menstrual blood
score was assessed by PBAC before the second-look hys-
teroscopy, second-look IUA score was evaluated according
to the classification method of the American Fertility Soci-
ety (AFS) [16].

2.3 Risk of Bias Assessment

The risk of bias for each included trial was evaluated
by The Cochrane tool [17]. Potential sources of bias in-
clude the aspects of random sequence generation, allocation
concealment, blinding of participants and staff, blinding of
outcome assessors, incomplete outcome data, selective re-
porting, and other bias. Each trial received a study level
score of low, high, or unclear risk of bias for each aspect.
The risk of bias assessment was judged by two authors (LJL
and XYQ) independently, and disagreement were resolved
by discussion.

2.4 Data Extraction

Two independent investigators extracted data from
the original reports. Specially designed forms were used
to collect information on study design, country, patients’
characteristics, sample size, details of adjuvant treatments,
hysteroscopic adhesiolysis procedure, menstrual blood vol-
ume, second-look IUA score, and pregnancy outcome.
Continuous variables represented by medians and quartiles
(or interval) were converted to means and standard devia-
tions according to the methods described in Luo D literature
[18]. Data that could not be extracted from the original pub-
lication were requested from the corresponding author.

2.5 Data Synthesis and Statistical Analysis

Paired meta-analyses were conducted in the random
effect model when direct data were available. Heart shape
balloon (HSB) placed in uterus for days based on hor-
mone therapy was regarded as the control group. The
“mvmeta” and “Network” packages in Stata MP 17.0 (de-
veloped by StataCorp, headquartered in College Station,
TX, USA) were used for network meta-analyses. For each
interested result, the command < network element incon-
sistency > was used to statistically confirm the global con-
sistency hypothesis between networks by fitting the design-
by-treatment interaction model, which provided a global
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Wald test to evaluate the inconsistency in the whole net-
work [19,20]. The Separating Indirect from Direct Evi-
dence (SIDE)-splitting method using the command < net-
work sidesplit all > was used for the local test when closed
loop existed [21]. When p > 0.05 indicated that there was
no significant inconsistency between the direct compari-
son and the indirect comparison, and pairwise comparisons
were made between different interventions. Network ge-
ometry and node connectivity were visualized for all out-
comes. For all treatment comparisons, we gave the com-
prehensive odds ratio (OR) or mean difference and 95%
confidence interval (95% CI), which explained the uncer-
tainty of variance estimation in the ranking. We also pro-
vided the comprehensive processing effect of 95% confi-
dence intervals of all comparisons in forest plots. To ob-
tain the treatment grade, the effectiveness of each interven-
tion was ranked by the surface under the cumulative ranking
curve area (SUCRA), the higher the ranking, the greater the
possibility of becoming the best intervention.

2.6 Small Study Effects

To evaluate the presence of small study effects, we vi-
sually inspected comparison adjusted funnel plots for each
outcome. Funnel plots for all comparisons are also pre-
sented.

3. Results

3.1 Search Results and Baseline Characteristics

A total of 1815 studies were identified through the
database search. Among them, 1024 studies were dupli-
cated and were deleted. After screening the titles and ab-
stracts, 751 studies were deleted. Of the remaining 40
studies that were evaluated in full text, 10 were not RCTs
so were removed, 11 were deleted because the interven-
tion group and the control group compared the same ad-
juvant treatments, and 4 trials were excluded because they
repeated used the same adjuvant treatment which were dif-
ferent from other included trials obviously. Consequently,
15 studies were included for network meta-analysis [5—
13,22-27]. The literature search process is described in a
flowchart (Fig. 1). Supplementary file 2 provides the full
citations of the included trials, and Supplementary file 3
provides details of the excluded trials after evaluating the
full text. Supplementary Fig. 1A,B presents the results
for the assessment of risk of bias. Briefly, all of the in-
cluded trials were considered low risk of bias, with none
classified as moderate or high risk. The included stud-
ies comprised 1827 participants diagnosed with [UA and
who received one of the ten different antiadhesion based on
the hormone treatment, including intrauterine device (IUD),
auto-cross-linked hyaluronic acid (ACP), medical chitosan
(MC) +1UD, Foley (Foley balloon catheter 3—7 day) +IUD,
heart shape balloon (HSB), dried amnion graft or bone mar-
row stem cells-scaffold or G-CSF (DBG) + Foley/HSB, au-
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tologous platelet gel or platelet-rich plasma (APG/PRP) +
IUD/HSB, ACP + Foley/IUD, Foley, heart shape balloon
or Foley 1 month (H/F) + IUD.

The mean age of participants ranged from 25 to 33
years in the 15 studies included in this research. The ba-
sic characteristics of the studies included in the network
meta-analysis are summarized in Supplementary Table
1. Hysteroscopic adhesiolysis was performed with a 4.5—
5-mm office hysteroscope in five studies [5,10,12,23,25],
whereas an 8.5-mm rigid hysteroscope was used in four
studies [7-9,11], and one study employed a 5-mm office
hysteroscope initially, but switched to an 8.5-mm rigid hys-
teroscope when met with thick fibrosis [22]. The remain-
ing five trials did not state the type of hysteroscope used
[6,13,24,26,27]. Microscissors without energy were used
for adhesiolysis in five studies [12,13,23,25,26], monopo-
lar energy was used in two studies [5,6], five trials opted for
bipolar energy resection [7—11], one study utilized a plasma
electric cutting needle for adhesiolysis [27], one study em-
ployed 5F pointed tips or semirigid scissors (except in pa-
tients with thick fibrous adhesions, where lysis was per-
formed with a hysteroscopic monopolar knife) [22], and one
study did not state the type of hysteroscopic surgical instru-
ments used [24]. Postoperative hormonal treatment was ad-
ministered in all the included studies. The follow-up period
varied from 1 to 60 months.

3.2 Pairwise Meta-Analysis

Supplementary Fig. 2A,B presents the pairwise
meta-analysis results for IUA recurrence and clinical
pregnancy, respectively. Briefly, dried amnion graft or
bone marrow stem cells scaffold or granulocyte colony-
stimulating factor (DBG) + Foley/HSB showed no advan-
tages in reducing the recurrence of IUA compared with the
control (odds ratio (OR) = 0.84, 95% confidence interval
(95% CI) 0.57, 1.24). For clinical pregnancy, DBG + Fo-
ley/HSB was advantageous compared with the control (OR
=2.11,95% CI 1.34, 3.33)

3.3 Network Meta-Analysis

The network plots of primary outcomes are presented
in Supplementary Fig. 3A,B. For primary outcomes of
TUA recurrence and clinical pregnancy, 13 and 8 studies, re-
spectively, were available for analysis across all treatments.
As shown in Supplementary Fig. 3A,B, the comparisons
of recurrence of IUA in Foley + IUD, dried amnion graft
or bone marrow stem cells-scaffold or granulocyte colony-
stimulating factor (DBG) + Foley/HSB, medical chitosan
(MC) + TUD, and heart shape balloon or Foley 1 month
(H/F) + IUD were compared in open loops, and the com-
parisons of clinical pregnancy in DBG + Foley/HSB and
autologous platelet gel or platelet-rich plasma (APG/PRP)
+ IUD/HSB were compared in open loops.

The netleague analyses of the reduction of IUA recur-
rence are presented in Fig. 2. Auto-cross-linked hyaluronic
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Records identified through database searching (n=1815)
Pub-med (n=364) Web of science (n=456)
Embase (n=302) Cochrane library (n=618)

ClinicalTrials (n=75)

Additional records identified
through other sources (n=0)

[
\

v
Records after duplicates removed
(n=791)

'I Duplicates removed (n=1024)

Records after screened
(n=40)
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Animal research (n=259)

Not in the interested field (n=181)

Full-text article assessed for
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l

Studies included in qualitative
synthesis (n=15)

Excluded studies (n=25)

Compared same adjuvant treatments (n=11)
Not RCT (n=10)

Repeated use of the same treatment (n=4)

l

Studies included in network
met-analysis (n=15)

Fig. 1. Flow chart showing study selection. RCT, randomized clinical trial.

acid (ACP) was associated with lower [UA recurrence when
compared with DBG (dried amnion graft or bone marrow
stem cells-scaffold or granulocyte colony-stimulating fac-
tor) + Foley/HSB (OR = 0.22, 95% CI 0.06, 0.87), HSB
(OR =0.18, 95% CI 0.05, 0.67), Foley (OR = 0.14, 95%
CI 0.03, 0.59), IUD (OR = 0.14, 95% CI 0.04, 0.48), and
heart shape balloon or Foley 1 month (H/F) + IUD (OR =
0.10, 95% CI 0.02, 0.47), medical chitosan (MC) + IUD
(OR =0.08, 95% CI 0.01, 0.56); Foley + IUD was associ-
ated with lower IUA recurrence when compared with HSB
(OR=0.39,95% C1 0.16, 0.95), Foley (OR = 0.30, 95% CI
0.10, 0.92), IUD (OR = 0.30, 95% CI1 0.10, 0.89), and H/F
+ IUD (OR =0.22, 95% CI 0.05, 0.90), MC + IUD (OR =
0.18,95% CI10.03, 0.93); ACP + Foley/IUD was associated
with lower IUA recurrence when compared with HSB (OR
=0.53,95% CI10.31, 0.93), Foley (OR =0.42, 95% CI1 0.20,
0.87), IUD (OR =0.41, 95% C1 0.19, 0.86), and H/F + IUD
(OR =0.30, 95% CI 0.09, 0.96), autologous platelet gel or
platelet-rich plasma (APG/PRP) + ITUD/HSB was associ-
ated with decreased IUA recurrence when compared with
medical chitosan (MC) + IUD (OR = 0.28, 95% CI 0.10,
0.82). The SUCRA analysis showed comparable probabil-
ity between the ten treatments (Supplementary Fig. 4A).
Among the ten treatments according to the SUCRA rank,
ACP and Foley + IUD (96.4% and 83.5%, respectively)
had the highest mean ranks, whereas H/F + IUD and MC
+ IUD had the lowest mean ranks (16.6% and 13.5%, re-
spectively).

The netleague analyses of clinical pregnancy are pre-
sented in Fig. 2. Dried amnion graft or bone marrow
stem cells-scaffold or granulocyte colony-stimulating fac-
tor (DBG) + Foley/HSB was associated with increased clin-
ical pregnancy when compared with HSB (OR =2.11, 95%
CI 1.34, 3.32). Foley + IUD, auto-cross-linked hyaluronic
acid (ACP) + Foley/IUD, and IUD was associated with
decreased clinical pregnancy when compared with heart
shape balloon or Foley 1 month (H/F) + IUD (OR = 0.31,
95% CI 0.11, 0.87; OR = 0.14, 95% CI 0.03, 0.69; OR
= 0.21, 95% CI 0.07, 0.59; respectively). The SUCRA
analysis showed comparable probability between the eight
treatments (Supplementary Fig. 4B). In addition, the
SUCRA rank indicated that H/F + IUD and DBG + Fo-
ley/HSB (89.7% and 82.1%, respectively) had the highest
mean ranks, whereas IUD and ACP + Foley/IUD had the
lowest mean ranks (20.4% and 10.5%, respectively).

3.4 Inconsistency

Fitting the design-by-treatment interaction model did
not provide evidence for inconsistent of the recurrence of
IUA and clinical pregnancy (Global Wald test: p = 0.229;
0.476, respectively). Supplementary Fig. S presents in-
consistency plots for the recurrence of IUA, and we did
not find any evidence of inconsistency. Owing to the small
number of studies on clinical pregnancy, we could not per-
form inconsistency plots for this outcome. In addition, we
cannot exclude the possibility that the actual number of in-
consistent loops is higher than the number we reported.
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0.14 0.30 0.42 0.47 0.64 0.78 NA NA NA
Foley
0.03.0.59) | (0.10,0.92) | (0.20.0.87) (0.16,1.42) (0.29,1.43) (0.41,1.50)
0.14 0.30 0.41 0.46 0.63 0.76 0.98 0.21 NA
1D
(0.04.0.48) (0.10,0.89) (0.19.0.86) (0.16,1.38) (0.29,1.37) (0.40,1.44) (0.41,2.36) (0.07,0.59)
0.10 0.22 0.30 0.34 0.47 0.57 0.72 0.74 NA
H/F +IUD
(0.02,0.47) | (0.05,0.90) | (0.09,0.96) (0.08,1.40) (0.14,1.52) (0.19,1.69) (0.21,2.53) (0.30,1.80)
0.08 0.18 0.25 0.28 0.38 0.46 0.59 0.61 0.82 MC +
(0.01,0.56) | (0.03,0.93) | (0.06,1.10) (0.10,0.82) (0.09,1.64) (0.12,1.85) (0.13,2.74) (0.13,2.79) (0.14,4.79) 1UD

Fig. 2. The netleague analyses of IUA recurrence and clinical pregnancy. The comparisons of data are odds ratios (95% confidence

interval), which should be read from left to right. ORs higher than 1 favor the left treatments, lower than 1 favor the right treatments.

Significant results are in bold and underline. I[UA, Intrauterine Adhesion; ACP, Auto-cross-linked Hyaluronic Acid; Foley, Foley balloon
catheter; IUD, Intrauterine Device; APG, Autologous Platelet Gel; PRP, Platelet-Rich Plasma; DBG, Dried Amnion Graft or Bone
Marrow Stem Cells-scaffold or Granulocyte Colony-Stimulating Factor; HSB, Heart Shape Balloon; H/F, Heart Shape Balloon or Foley;

MC, Medical Chitosan; NA, Not available.

3.5 Secondary Outcomes

All our secondary outcomes were infrequently re-
ported. Two RCTs reported on menstrual blood volume,
and three RCTs reported on second-look IUA score. Con-
sequently, network meta-analysis was not performed for
secondary outcomes. The results of pairwise meta analy-
ses were presented in Supplementary Fig. 6 and showed
that dried amnion graft or bone marrow stem cells scaf-
fold or granulocyte colony-stimulating factor (DBG) + Fo-
ley/HSB may increase menstrual blood volume (mean dif-
ference (MD) = 1.06, 95% CI 0.70, 1.41). There are in-
sufficient studies on the second-look IUA score to perform
relevant pairwise meta-analyses.

3.6 Small Study Effects

Overall, we found no strong evidence of the influence
of small study effects across results, and the symmetrical
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funnel diagram (Supplementary Fig. 7A,B) showed that
there was no significant publication bias about the recur-
rence of IUA and clinical pregnancy in our meta-analysis.

4. Discussion

This systematic review and network meta-analysis
of treatments to reduce the recurrence of IUAs and im-
prove pregnancy outcome after hysteroscopic adhesiolysis
included data from 15 RCTs involving 1827 patients who
were randomized to ten distinct treatment protocols. The
quality of evidence was all low risk of bias. However, the
results should be interpreted with caution because they were
based on open-loop networks partly.

The AAGL Practice Guidelines for Management of
Intrauterine Synechiae highlight that direct visualization of
the uterine cavity at hysteroscopy in conjunction with a tool
for adhesiolysis is an effective technique for the lysis of
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IUAs [3]. Owing to the high recurrence rate of postoper-
ative adhesions and low pregnancy rate, use of a physical
barrier to prevent IUA formation and promote intimal re-
covery after the operation is a hot topic in the field. Auto-
cross-linked hyaluronic acid (ACP) is often used to prevent
postoperative tissue adhesion because of its unique biocom-
patibility and enzymatic biodegradation [28]. A study by
Vitale found that an intrauterine Foley catheter (46.4%) or
ACP (21.3%) were potentially the most effective methods
for avoiding IUA recurrence after the hysteroscopic lysis
of adhesions [29]. Similarly, we found intrauterine ACP
(96.4%) or Foley + IUD (83.5%) may be the most effective
treatment approaches. Besides, the study of Vitale only in-
cluded eleven studies with 1596 patients, using eight dis-
tinct treatment protocols. In the study of Yan, patients were
with or at high risk of developing IUA, they are not fully
IUA, and only six studies described adjuvant therapies in
TUA patients [30]. But our research had expanded the num-
ber of included studies, patients, and treatment methods.
There are fifteen RCT studies with 1827 patients, utilizing
ten distinct treatment protocols. The results of our research
can better reflect the ongoing research level and present
more helpful evidence for the clinical decision-making.

Endometrial recovery after transcervical resection of
adhesion takes at least one month, thus the treatment of
heart shape balloon or Foley 1 month (H/F) + IUD can
provide enough time for the endometrial recovery, which
may play a crucial role in increasing clinical pregnancy
after the procedure [31]. Reducing fibrosis is only part
of the process for endometrial recovery; angiogenesis and
stem cell homing may be other explanations for the in-
crease in clinical pregnancy [32]. The role in endome-
trial recovery may explain why H/F + IUD can improve
clinical pregnancy but is not ideal for reducing IUA re-
currence. Further research is needed to confirm this the-
ory. Following H/F + IUD, the next most successful treat-
ment for improving clinical pregnancy is dried amnion graft
or bone marrow stem cells-scaffold or granulocyte colony-
stimulating factor (DBG) + Foley/HSB. Bone marrow mes-
enchymal stem cells can promote endometrial regeneration
and reverse endometrial stromal transformation through the
Whnt/$-catenin signaling pathway, and reverse epithelial
mesenchymal transition through the transforming growth
factor (TGF)-$1/Smad pathway to promote the repair of
damaged endometrium [33,34]. In addition, the amniotic
membrane promotes endometrial regeneration as a source
of stem cells [22,35]. Bone marrow mesenchymal stem
cells and the amniotic membrane both advance endometrial
recoveries, thus achieving the possibility of clinical preg-
nancy [36,37]. G-CSF stimulates decidual macrophages,
mediates the transformation of Th1/Th2 ratio to Th2 re-
sponse, promotes an increase of regulatory T cells, and im-
proves implantation through rolling, apposition, adhesion,
and invasion [12,38], which promote clinical pregnancy.
Furthermore, for patients with only a thin endometrium

maybe with stem cell homing disorder, further clinical and
basic research is required to confirm whether DBG + Fo-
ley/HSB can improve pregnancy outcomes in these pa-
tients.

Our research has many limitations. First, for [UA pa-
tients with fertility needs, preventing adhesion formation
and promoting endometrial recovery after hysteroscopic ad-
hesiolysis are the basis of pregnancy. Recent researches
show that dried amnion graft, stem cells, or G-CSF can
promote endometrial regeneration and recovery to achieve
the possibility of clinical pregnancy [10,12,13,32]. How-
ever, because there are limited studies on these methods,
and the methods all promote pregnancy directly or via
endometrium recovery, our research combined these ap-
proaches into one treatment method, combining the ap-
proaches may have masked the specific roles of the in-
dividual treatments. Besides, autologous platelet gel or
platelet-rich plasma (APG/PRP) has also been studied for
endometrium regeneration [8], also for the lack of related
studies, the influence of APG/PRP on IUA is not clear.
Additional research is urgently needed to confirm the spe-
cific role of amnion graft, stem cells, G-CSF, and APG/PRP
since they can not only repair endometrium, but also im-
prove the endometrial microenvironment by increasing vas-
cularization or immunomodulatory effects in mechanism
[12,35,39,40]. Second, there are too few data about men-
strual flow and second-look TUA score in published studies
to conduct further analyses. Third, most studies have not
been stratified according to mild, moderate, or severe [UA;
the inconsistency of surgical instruments may influence
the postoperative treatment effects; and different follow-up
times may affect the judgment of pregnancy outcome in-
dex. In the future, more RCT studies with careful design
for different factors should be conducted.

5. Conclusions

For patients with I[UA that have undergone hystero-
scopic adhesiolysis, DBG + Foley/HSB may increase clin-
ical pregnancy compared with the control according to our
pairwise meta-analysis. ACP and Foley + IUD may be
suitable alternatives to reduce IUA recurrence, H/F + IUD
and DBG + Foley/HSB may be associated with an in-
creased clinical pregnancy rate according to our network
meta-analysis. However, these results should be interpreted
with caution because they were based on small studies and
open-loop network analysis partly. There is insufficient ev-
idence regarding secondary outcomes of the treatment op-
tions. More RCTs about DBG + Foley/HSB needs to be
designed, the relative effectiveness of different degrees of
IUA treatment should be further clarified, and more atten-
tion should be paid to clinical pregnancy, menstrual blood
volume and second-look IUA score.

&% IMR Press


https://www.imrpress.com

Availability of Data and Materials

Data used and/or analyzed during the current study are
available from the corresponding author on reasonable re-
quest.

Author Contributions

LJL, XYQ and HC designed the research study. LJL
and XYQ performed the research and collected the data.
LZX and XPC provided help and advice to LJL, XYQ and
HC. LJL, XYQ and XPC analyzed the data. LJL, XYQ and
HC wrote the manuscript. All authors contributed to edi-
torial changes in the manuscript. All authors have partici-
pated sufficiently in the work to take public responsibility
for appropriate portions of the content and agreed to be ac-
countable for all aspects of the work in ensuring that ques-
tions related to its accuracy or integrity. All authors read
and approved the final manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

We would like to express our gratitude to all those who
helped us during the writing of this manuscript.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/j.ceog5104102.

References

[1] Berman JM. Intrauterine adhesions. Seminars in Reproductive
Medicine. 2008; 26: 349-355.

[2] YuD, Wong YM, Cheong Y, Xia E, Li TC. Asherman syndrome—
one century later. Fertility and Sterility. 2008; 89: 759-779.

[3] AAGL Advancing Minimally Invasive Gynecology Worldwide.
AAGL practice report: practice guidelines for management of
intrauterine synechiae. Journal of Minimally Invasive Gynecol-
ogy. 2010; 17: 1-7.

[4] YuD, Li TC, Xia E, Huang X, Liu Y, Peng X. Factors affecting
reproductive outcome of hysteroscopic adhesiolysis for Asher-
man’s syndrome. Fertility and Sterility. 2008; 89: 715-722.

[5] Guangwei W, Ling M, Qing Y, Yue Y, Yanqiu Y, Silei C, ef al.
Comparison of the efficacy of autologous platelet gel and med-
ical chitosan in the prevention of recurrence of intrauterine ad-
hesions after transcervical resection of adhesion: a prospective,
randomized, controlled trial. Archives of Gynecology and Ob-
stetrics. 2023; 308: 1369-1378.

[6] Wang Y, Zhao Y, Ge Y, Cen J, Liao Y, Xu G. Reproduc-
tive outcomes and reproductive tract microbiota shift in women

&% IMR Press

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

with moderate-to-severe intrauterine adhesions following 30-
day post-hysteroscopic placement of balloon stents or intrauter-
ine contraceptive devices: A randomized controlled trial. EClin-
icalMedicine. 2022; 43: 101200.

Yang L, Ma N, Song D, Huang X, Zhou Q, Guo Y, et al. The
Effect of Estrogen in the Prevention of Adhesion Reformation
after Hysteroscopic Adhesiolysis: A Prospective Randomized
Control Trial. Journal of Minimally Invasive Gynecology. 2022;
29: 871-878.

Shen M, Duan H, Lv R, Lv C. Efficacy of autologous platelet-
rich plasma in preventing adhesion reformation following hys-
teroscopic adhesiolysis: a randomized controlled trial. Repro-
ductive Biomedicine Online. 2022; 45: 1189-1196.

Zhou Q, Shi X, Saravelos S, Huang X, Zhao Y, Huang R, et al.
Auto-Cross-Linked Hyaluronic Acid Gel for Prevention of In-
trauterine Adhesions after Hysteroscopic Adhesiolysis: A Ran-
domized Controlled Trial. Journal of Minimally Invasive Gyne-
cology. 2021; 28: 307-313.

Gan L, Duan H, Sun FQ, Xu Q, Tang YQ, Wang S. Efficacy of
freeze-dried amnion graft following hysteroscopic adhesiolysis
of severe intrauterine adhesions. International Journal of Gynae-
cology and Obstetrics: the Official Organ of the International
Federation of Gynaecology and Obstetrics. 2017; 137: 116-122.
Wang X, Duan H. Clinical evaluation of amniontic products after
transcervical resection of intensive degree of intrauterine adhe-
sions. Zhonghua Fu Chan Ke Za Zhi. 2016; 51: 27-30.

Zhang Y, Chen X, Chen S, Wei C, Li B, Wang Z, et al. Intrauter-
ine administration of G-CSF for promoting endometrial growth
after hysteroscopic adhesiolysis: a randomized controlled trial.
Human Reproduction (Oxford, England). 2022; 37: 725-733.
Zhu H, Li T, Xu P, Ding L, Zhu X, Wang B, et al. Effect of au-
tologous bone marrow stem cells-scaffold transplantation on the
ongoing pregnancy rate in intrauterine adhesion women: a ran-
domized, controlled trial. Science China. Life Sciences. 2024;
67: 113-121.

Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH,
Cameron C, ef al. The PRISMA extension statement for report-
ing of systematic reviews incorporating network meta-analyses
of health care interventions: checklist and explanations. Annals
of Internal Medicine. 2015; 162: 777-784.

Higham JM, O’Brien PM, Shaw RW. Assessment of menstrual
blood loss using a pictorial chart. British Journal of Obstetrics
and Gynaecology. 1990; 97: 734-739.

The American Fertility Society classifications of adnexal adhe-
sions, distal tubal occlusion, tubal occlusion secondary to tubal
ligation, tubal pregnancies, miillerian anomalies and intrauterine
adhesions. Fertility and Sterility. 1988; 49: 944-955.

Higgins JPT, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman
AD, et al. The Cochrane Collaboration’s tool for assessing risk
of bias in randomised trials. BMJ (Clinical Research Ed.). 2011;
343: d5928.

Luo D, WAN X, LiuJ, Tong T. How to estimate the sample mean
and standard deviation from the sample size, median, extremes
or quartiles? Chinese Journal of Evidence-based Medicine.
2017; 17: 1350-1356. (In Chinese)

Higgins JPT, Jackson D, Barrett JK, Lu G, Ades AE, White
IR. Consistency and inconsistency in network meta-analysis:
concepts and models for multi-arm studies. Research Synthesis
Methods. 2012; 3: 98-110.

White IR, Barrett JK, Jackson D, Higgins JPT. Consistency and
inconsistency in network meta-analysis: model estimation us-
ing multivariate meta-regression. Research Synthesis Methods.
2012; 3: 111-125.

Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consis-
tency in mixed treatment comparison meta-analysis. Statistics in
Medicine. 2010; 29: 932-944.


https://doi.org/10.31083/j.ceog5104102
https://doi.org/10.31083/j.ceog5104102
https://www.imrpress.com

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Amer MI, Abd-El-Maeboud KHI, Abdelfatah I, Salama FA, Ab-
dallah AS. Human amnion as a temporary biologic barrier after
hysteroscopic lysis of severe intrauterine adhesions: pilot study.
Journal of Minimally Invasive Gynecology. 2010; 17: 605-611.
Lin XN, Zhou F, Wei ML, Yang Y, Li Y, Li TC, ef al. Random-
ized, controlled trial comparing the efficacy of intrauterine bal-
loon and intrauterine contraceptive device in the prevention of
adhesion reformation after hysteroscopic adhesiolysis. Fertility
and Sterility. 2015; 104: 235-240.

Xiao S, Wan 'Y, Zou F, Ye M, Deng H, Ma J, et al. Prevention of
intrauterine adhesion with auto-crosslinked hyaluronic acid gel:
a prospective, randomized, controlled clinical study. Zhonghua
Fu Chan Ke Za Zhi. 2015; 50: 32-36. (In Chinese)

Huang XW, Lin MM, Zhao HQ, Powell M, Wang YQ, Zheng
RR, et al. A prospective randomized controlled trial comparing
two different treatments of intrauterine adhesions. Reproductive
Biomedicine Online. 2020; 40: 835-841.

Wang YQ, Song XH, Wu SL, Huang YZ, Yan L, Li CZ. Com-
parison of Autocross-Linked Hyaluronic Acid Gel and Intrauter-
ine Device for Preventing Intrauterine Adhesions in Infertile Pa-
tients: A Randomized Clinical Trial. Gynecology and Minimally
Invasive Therapy. 2020; 9: 74-80.

Zhang X, Liu W, Zhou Y, Qiu J, Sun Y, Li M, et al. Com-
parison of therapeutic efficacy of three methods to prevent re-
adhesion after hysteroscopic intrauterine adhesion separation: a
parallel, randomized and single-center trial. Annals of Palliative
Medicine. 2021; 10: 6804—6823.

Salwowska NM, Bebenek KA, Zadlo DA, Wcisto-Dziadecka
DL. Physiochemical properties and application of hyaluronic
acid: a systematic review. Journal of Cosmetic Dermatology.
2016; 15: 520-526.

Vitale SG, Riemma G, Carugno J, Perez-Medina T, Alonso
Pacheco L, Haimovich S, et al. Postsurgical barrier strategies
to avoid the recurrence of intrauterine adhesion formation after
hysteroscopic adhesiolysis: a network meta-analysis of random-
ized controlled trials. American Journal of Obstetrics and Gyne-
cology. 2022; 226: 487-498.e8.

Yan Y, Xu D. The Effect of Adjuvant Treatment to Prevent
and Treat Intrauterine Adhesions: A Network Meta-Analysis of
Randomized Controlled Trials. Journal of Minimally Invasive
Gynecology. 2018; 25: 589-599.

Yang JH, Chen MJ, Chen CD, Chen SU, Ho HN, Yang YS. Op-

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

timal waiting period for subsequent fertility treatment after var-
ious hysteroscopic surgeries. Fertility and Sterility. 2013; 99:
2092-2096.¢3.

Lin X, Zhang Y, Pan Y, He S, Dai Y, Zhu B, ef al. Endome-
trial stem cell-derived granulocyte-colony stimulating factor at-
tenuates endometrial fibrosis via sonic hedgehog transcriptional
activator Gli2. Biology of Reproduction. 2018; 98: 480-490.
Yuan L, Cao J, Hu M, Xu D, Li Y, Zhao S, et al. Bone mar-
row mesenchymal stem cells combined with estrogen synergis-
tically promote endometrial regeneration and reverse EMT via
Whnt/-catenin signaling pathway. Reproductive Biology and
Endocrinology: RB&E. 2022; 20: 121.

Yao Y, Chen R, Wang G, Zhang Y, Liu F. Exosomes derived
from mesenchymal stem cells reverse EMT via TGF-/31/Smad
pathway and promote repair of damaged endometrium. Stem
Cell Research & Therapy. 2019; 10: 225.

Amer MI, Abd-El-Maeboud K, Alloub A. Amnion graft as a pos-
sible source of stem cells for endometrial regeneration after lysis
of severe intrauterine adhesions. Middle East Fertility Society
Journal. 2012; 17: 54-56.

Gao L, Huang Z, Lin H, Tian Y, Li P, Lin S. Bone Mar-
row Mesenchymal Stem Cells (BMSCs) Restore Functional En-
dometrium in the Rat Model for Severe Asherman Syndrome.

Reproductive Sciences (Thousand Oaks, Calif.). 2019; 26: 436—
444,

Gan L, Duan H, Xu Q, Tang YQ, Li JJ, Sun FQ, ef al. Human
amniotic mesenchymal stromal cell transplantation improves en-
dometrial regeneration in rodent models of intrauterine adhe-
sions. Cytotherapy. 2017; 19: 603-616.

Davari-Tanha F, Shahrokh Tehraninejad E, Ghazi M, Shahraki
Z. The role of G-CSF in recurrent implantation failure: A ran-
domized double blind placebo control trial. International Journal
of Reproductive Biomedicine. 2016; 14: 737-742.

Han Q, Du Y. Advances in the Application of Biomimetic En-
dometrium Interfaces for Uterine Bioengineering in Female In-
fertility. Frontiers in Bioengineering and Biotechnology. 2020;
8: 153.

Kim MK, Yoon JA, Yoon SY, Park M, Lee WS, Lyu SW,
et al. Human Platelet-Rich Plasma Facilitates Angiogenesis to
Restore Impaired Uterine Environments with Asherman’s Syn-
drome for Embryo Implantation and Following Pregnancy in
Mice. Cells. 2022; 11: 1549.

&% IMR Press


https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Search Strategy and Selection Criteria
	2.2 Outcome Measures
	2.3 Risk of Bias Assessment
	2.4 Data Extraction
	2.5 Data Synthesis and Statistical Analysis
	2.6 Small Study Effects

	3. Results
	3.1 Search Results and Baseline Characteristics
	3.2 Pairwise Meta-Analysis
	3.3 Network Meta-Analysis
	3.4 Inconsistency
	3.5 Secondary Outcomes
	3.6 Small Study Effects

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

