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Abstract: Intrauterine adhesion (IUA), and its severe form Asherman syndrome (Asherman’s syn-
drome), is a mysterious disease, often accompanied with severe clinical problems contributing to
a significant impairment of reproductive function, such as menstrual disturbance (amenorrhea),
infertility or recurrent pregnancy loss. Among these, its correlated infertility may be one of the most
challenging problems. Although there are many etiologies for the development of IUA, uterine
instrumentation is the main cause of IUA. Additionally, more complicated intrauterine surgeries can
be performed by advanced technology, further increasing the risk of IUA. Strategies attempting to
minimize the risk and reducing its severity are urgently needed. The current review will expand
the level of our knowledge required to face the troublesome disease of IUA. It is separated into
six sections, addressing the introduction of the normal cyclic endometrial repairing process and
its abruption causing the formation of IUA; the etiology and prevalence of IUA; the diagnosis of
IUA; the classification of IUA; the pathophysiology of IUA; and the primary prevention of IUA,
including (1) delicate surgical techniques, such as the use of surgical instruments, energy systems,
and pre-hysteroscopic management, (2) barrier methods, such as gels, intrauterine devices, intrauter-
ine balloons, as well as membrane structures containing hyaluronate–carboxymethylcellulose or
polyethylene oxide–sodium carboxymethylcellulose as anti-adhesive barrier.

Keywords: endometrium; hysteroscopic surgery; intrauterine adhesion; pathophysiology; prevention

1. Introduction

The endometrium contains two main structural layers: an underlying stable basal
layer (basal membrane), named the stratum basalis, and an upper dynamic and functional
layer named the stratum functionalis [1]. The latter can be further separated into the thick
stratum spongiosum and the thin stratum compactum [2]. The stratum functionalis is the
portion shed during menstruation due to the withdrawal of estrogen and progesterone
action in the absence of implantation and following pregnancy. This process is governed
strictly and tightly by a complex cascade of endocrine along with paracrine signaling
within the endometrium [3]. The basal layer, containing the stroma, basal portions of the
glands, supporting vasculature, and various immune cell populations, such as natural
killer (NK) cells, neutrophils, macrophages, and lymphocytes (T or B cells or mast cells)
during menstruation, remains intact and provides a source of cells giving rise to a renewed
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stratum functionalis following menstruation [4]. The repair process of the endometrium
is similar to the classical wound healing process, with some differences, including three
separate, continuous and overlapping steps: the hemostasis/inflammatory phase, the
proliferative phase, and the remodeling phase [5–10]. Naturally, the endometrium is tightly
controlled by the orchestration of female sex hormones to complete its cyclic change, which
is initiated in the proliferative phase and transforms into the secretory phase. All are for the
preparation for embryo implantation, and this period of endometrial change is especially
critical, often called uterine receptivity [11–13]. Endometrial tissue destruction (menstrual
breakdown) and re-epithelialization (repair) occur simultaneously [1]. The endometrial
re-epithelialization needs estrogen to stimulate glandular (the luminal epithelium) and
stromal (the parenchymal endometrial stroma cells) regeneration [3]. Therefore, menstru-
ation demonstrates that two opposing processes of tissue destruction and repair occur
simultaneously in an inflammatory environment [3]. A purulent inflammatory reaction
results in extensive destruction, which is not good for wound healing; however, under
the estrogen’s function, the modulation of immune cell activity and tissue destruction
and regeneration during menstruation will accelerate the repair process and facilitate the
scar-free healing of the endometrium [3].

In the absence of conception and implantation, endometrial stroma cells sense hor-
mone withdrawal, and upregulate intracellular signaling and the release of inflammatory
and growth factors, contributing to vasoconstriction of the uterine vessels, recruitment of
inflammatory and immune cells as well as relatively immune-privileged endometrial mes-
enchymal stem cells, and propagation of the menstrual cascade to aid in the regeneration
and repairing process after menstruation, in concert with processes such as epithelial–
mesenchymal transition/mesenchymal–epithelial transition (EMT/MET) and Wnt signal-
ing, to restore endometrial homeostasis [14]. Furthermore, the activation of endometrial
epithelial progenitor cells (N-cadherin+, E-cadherin+, and vimentin+ cells) and perivascu-
lar mesenchymal stem cells located in the basal layer near the endometrial–myometrial
border, as well as within the functional layer, possibly involving Wnt or Notch signaling
system, drives cellular replacement in the glands and stroma layer, respectively, to finish
endometrial regeneration and maintain the endometrial integrity [3]. Taken together, at
least three key components of endometrial biology are present for maintaining normal uter-
ine physiology, including (1) limiting inflammation to prevent excessive tissue destruction,
(2) cyclic activation of stem cells for endometrial regeneration, and (3) scar-free repair of
the endometrium following menstrual shedding (Figure 1). However, when the healing
process is interrupted, endometrial integrity is lost.

Int. J. Mol. Sci. 2021, 22, x FOR PEER REVIEW 3 of 19 
 

 

 
Figure 1. Three proposed key components of endometrial biology are present to maintain normal 
uterine physiology. 

More severe injury might occur in the uterine cavity, and with trauma reaching deep 
into the basal layer of the endometrium, the healing of the endometrium will be signifi-
cantly impaired. In cases of extreme severity, the endometrial lining might be partially or 
totally absent, contributing to the approximation and fusion of surfaces of opposing uter-
ine walls. As a result, IUA or Asherman syndrome (Asherman’s syndrome) develops [23–
32]. 

2. Etiology and Prevalence of Intrauterine Adhesion (IUA) 
Posttraumatic IUA was first reported by Dr. Heinrich Fritsch in 1894 [33]. Subse-

quently, Dr. Joseph Asherman published a series of papers to describe IUA in detail and 
depth [34]. There have been a large number of cases concerning IUA in the literature, with 
the result of more attention being paid to this syndrome [24]. Although Asherman syn-
drome is widely used to describe intrauterine adhesion with gravid uterus, Asherman 
syndrome may be better represented as a case of the total obliteration of the uterine cavity 
accompanied with amenorrhea. IUA might be a more appropriate term to describe all se-
quelae after intrauterine trauma, from minimal or marginal IUA to the complete oblitera-
tion of the uterine cavity and/or the inner walls of cervix [26,27]. 

The exact prevalence or real incidence of IUA is unknown, and may be underesti-
mated, partly because of a lack of symptoms or the presence of vague symptoms, and 
partly because of neglect leading to the disease not being discovered even in those patients 
with clear symptoms [27–42]; as well as partly because of the uncertain predisposing and 
causal factors [30,35]. Additionally, IUA varies with geographic location, study popula-
tion, and the availability of investigations for diagnosis [29,36]. Many review articles are 
available in the literature to describe the prevalence of IUA according to the various clin-
ical presentations and surgeries [26–30]. The occurrence of IUA may be low as 1–2% in 
patients with secondary amenorrhea; 1–4% in patients after C/S; 3–4% in women under-
going postpartum dilation and curettage (D&C); 6–7% of patients receiving D&C for early 
spontaneous abortion; 6–7% in patients with infertility; 6–24% in women treated with hys-
teroscopic metroplasty; 10–20% in patients with spontaneous abortion occurring less than 
twice; 10–20% in patients undergoing D&C of elective abortion; 20–30% in patients with 
postpartum D&C occurring more than twice; 20–30% in patients requiring uterine instru-
mentation performed between the second and fourth postpartum weeks [27,30,37–42]. 
The development of IUA may occur in more than one-third of patients, if these patients 
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Endometrial integrity can be destroyed by many factors, such as surgery, intrauterine
instrumentation, infection, and others. Cesarean section (C/S) is very common among
women of childbearing age [15]. The endometrium after this type of injury is often re-
covered uneventfully, and rarely results in the development of sequelae. A possibly key
reason is that the C/S procedure does not cause much trauma on the basal membrane.
However, sometimes, the repairing of the endometrium after C/S is interrupted, resulting
in C/S scar formation. The clinical symptoms of C/S scarring vary greatly, ranging from
no symptoms to troublesome and life-threatening diseases. The symptoms include inter-
mittent spotting or persistent bleeding, inability of implantation (subfertility, infertility,
repeated miscarriage, or C/S scar ectopic pregnancy), or abnormality of implantation,
such as placenta previa, placenta accrete, and placenta increta [16–22]. All of these might
significantly increase the risk of pregnancy-related morbidity and mortality [19], including
uterine rupture and postpartum hemorrhage (PPH). The latter can occur at any time of
pregnancy or during labor.

More severe injury might occur in the uterine cavity, and with trauma reaching deep
into the basal layer of the endometrium, the healing of the endometrium will be significantly
impaired. In cases of extreme severity, the endometrial lining might be partially or totally
absent, contributing to the approximation and fusion of surfaces of opposing uterine walls.
As a result, IUA or Asherman syndrome (Asherman’s syndrome) develops [23–32].

2. Etiology and Prevalence of Intrauterine Adhesion (IUA)

Posttraumatic IUA was first reported by Dr. Heinrich Fritsch in 1894 [33]. Subse-
quently, Dr. Joseph Asherman published a series of papers to describe IUA in detail and
depth [34]. There have been a large number of cases concerning IUA in the literature,
with the result of more attention being paid to this syndrome [24]. Although Asherman
syndrome is widely used to describe intrauterine adhesion with gravid uterus, Asherman
syndrome may be better represented as a case of the total obliteration of the uterine cav-
ity accompanied with amenorrhea. IUA might be a more appropriate term to describe
all sequelae after intrauterine trauma, from minimal or marginal IUA to the complete
obliteration of the uterine cavity and/or the inner walls of cervix [26,27].

The exact prevalence or real incidence of IUA is unknown, and may be underesti-
mated, partly because of a lack of symptoms or the presence of vague symptoms, and
partly because of neglect leading to the disease not being discovered even in those patients
with clear symptoms [27–42]; as well as partly because of the uncertain predisposing and
causal factors [30,35]. Additionally, IUA varies with geographic location, study popu-
lation, and the availability of investigations for diagnosis [29,36]. Many review articles
are available in the literature to describe the prevalence of IUA according to the various
clinical presentations and surgeries [26–30]. The occurrence of IUA may be low as 1–2%
in patients with secondary amenorrhea; 1–4% in patients after C/S; 3–4% in women un-
dergoing postpartum dilation and curettage (D&C); 6–7% of patients receiving D&C for
early spontaneous abortion; 6–7% in patients with infertility; 6–24% in women treated with
hysteroscopic metroplasty; 10–20% in patients with spontaneous abortion occurring less
than twice; 10–20% in patients undergoing D&C of elective abortion; 20–30% in patients
with postpartum D&C occurring more than twice; 20–30% in patients requiring uterine in-
strumentation performed between the second and fourth postpartum weeks [27,30,37–42].
The development of IUA may occur in more than one-third of patients, if these patients
have certain clinical presentations, such as missed abortion, late spontaneous abortion
D&C, retained products of conception, recurrent pregnancy loss, and hysteroscopic my-
omectomy [27,30,37–42].

3. Diagnosis of Intrauterine Adhesion (IUA)

The diagnosis of IUA can be made based on careful evaluation and clinical presenta-
tion, which includes one or more clinical features, such as amenorrhea, hypomenorrhea,
subfertility, and recurrent pregnancy loss, and it may occur with abnormal placentation,
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and/or other pregnancy complications, including intrauterine growth restriction secondary
to IUA [30]. Although the clinical feature of IUA vary greatly, there is no doubt that IUA is
still largely idiosyncratic in many women [27]. IUA can be suggested by the aforementioned
clinical symptoms or signs, and evaluated using imaging modalities of hysterosalpingogra-
phy (HSG) (with specificity and sensitivity ranging from 25.6 to 98.1% and from 21.6 to
98.0%, respectively); hysteroscopy (the standard diagnostic tool); transvaginal ultrasound
(TVS) with specificity and sensitivity ranging from 78.6 to 100% and from 91 to 100%,
respectively; three-dimensional (3-D) or four-dimensional (4-D) ultrasound combined with
or without SHG; saline-infusion sonohysterography (SHG) with specificity and sensitivity
ranging from 97.3 to 98.9% and from 12.8 to 62.5%, respectively; contrast SHG with speci-
ficity and sensitivity of more than 90%; or magnetic resonance imaging (MRI) [26–30]. Of
course, IUA can be confirmed via typical histopathological findings [26–29].

Among the tools used to diagnose IUA or to evaluate the severity of IUA, hys-
teroscopy [43], similar to the role of laparoscopy in the assistance of clinically uncertain
diagnoses of pelvic abnormalities [44–46], is a gold standard, which is also frequently used
in studies to compare other diagnostic tools [28,29]. Although hysteroscopy is widely used
in the diagnosis of IUA, there are some limitations to hysteroscopy. Hysteroscopy cannot
evaluate the patency of tubes, and additionally, if the uterine cavity is totally obliterated,
the hysteroscope cannot be inserted into the uterine cavity, and it thus fails to offer any
informative data for IUA [27]. Unenhanced TVS is not particularly helpful in detecting
IUA [28], although some reports have shown that endometrial thickness might play an
assistant role [47]. HSG offers an opportunity to evaluate both uterine cavity and tubal
patency, but a deficiency of detailed filling defect information and the presence of a high
false positive rate impede its value for IUA diagnosis [48].

Enhanced dynamic SHG with the infusion of normal saline or gel into the uterine
cavity enables the visualization of the uterine cavity and possible tubal patency, possess-
ing a high negative predictive value and acceptable positive predictive value compared
to hysteroscopy [49]. Similarly to the patients with total obliterated uterine cavity, the
aforementioned two tools (HSG, contrast SHG) also fail to provide additional information
inside the uterine cavity [28,50]. Virtual hysteroscopy, or a 3-D and advanced 4-D virtual
reconstruction of the uterine cavity, were able to evaluate IUA in the obliterated cavity [28].
MRI may be another alternative despite its high cost, limited availability, and unknown
sensitivity and specificity in the diagnosis of IUA [27]. One report from Korea showed
that 3-D ultrasound might be useful in the diagnosis of IUA because of its high correlation
with hysteroscopic findings (morphological abnormalities, marginal irregularity, thinning
defects, obliteration, fibrosis, and calcification) [51].

4. Classification of Intrauterine Adhesion (IUA)

The classification of IUA is important, since it communicates information, such as the
extent of the adhesion and the most appropriate therapeutic regimen, and it offers a better
prediction of the results after treatment [26–30]. Several classification systems of IUA have
been proposed for the description of its severity [52–54]. The American Fertility Society
(AFS) and the European Society of Gynecological Endoscopy (ESGE) provide classifications
for IUA. The classification of AFS for IUA (1988) used three items, including the extent of
the cavity involved, the type of adhesions, and the menstrual pattern (Table 1), to produce
the following prognostic classification: stage I (mild), II (moderate) and III (severe) [53].
The ESGE IUA classification includes grade I (thin or filmy adhesion, easily ruptured
by hysteroscopic sheath alone and normal cornual area), II (singular dense adhesion
that cannot be ruptured by the hysteroscopic sheath, but a uterine cavity connected to a
separate space, and visualization of both tubal ostia), IIa (occluding adhesion only in the
region of the internal cervical os with normal upper uterine cavity), III (multiple dense
adhesions connected to a separate space of the uterine cavity and unilateral obliteration
of tubal ostia), IV (extensive dense adhesion with partial occlusion of the uterine cavity
and tubal ostia), Va (extensive endometrial scarring and fibrosis in combination with
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grade I or II adhesions, accompanied by amenorrhea or pronounced hypomenorrhea),
and Vb (extensive endometrial scarring and fibrosis in combination with grade III or IV
adhesion, accompanied with amenorrhea), based on hysteroscopic and hysterographic
findings [27–30,54], and this classification was modified in 2017 [55].

Table 1. Classification of the American Fertility Society scoring system for intrauterine adhesion.

Scoring/Characteristics Extent Cavity Involved Type of Adhesions Menstrual Pattern

1 <1/3 Filmy
2 1/3~2/3 Filmy~Dense Hypomenorrhea
4 >2/3 Dense Amenorrhea

Mild (stage I): scoring from 1 to 4; moderate (stage II): scoring from 5 to 8; severe (stage III): scoring ≥ 9.

Besides the aforementioned classification of IUA based on AFS and ESGE, there are
at least six additional classification systems available for clinical practice [55], and these
have been reported by the following authors: March et al. [27,56]; Hamou et al. [57]; Valle
and Sciarra [58]; Donnez and Nisolle [59]; Nasr et al. [52]. However, to date, no data
are available from any comparative analyses of these classification systems as regards
which one is better [28]. One issue over which there is no argument is that clinical history
had better be included into the classification system, given its good correlation with
prognosis [29].

5. Pathophysiology of Intrauterine Adhesion

The basic histological finding of IUA is endometrial fibrosis. The stroma is largely
replaced by avascular fibrous tissue and spindle-shaped myofibroblasts. The endometrial
glands are replaced by inactive cubo-columnar endometrial epithelium, which cannot
distinguish stratum functionalis from stratum basalis [28,29]. Additionally, this inactive
single layer of cubo-columnar epithelium barely responds to hormonal stimulation. Finally,
fibrotic synechiae form across the entire uterine cavity [60–63]. According to Dr. Foix’s
classification [60], three types of IUA have been proposed, including (1) the most common
type involves avascular fibrous strands joining the uterine wall, although sometimes, thin-
walled telangiectatic vessels can be found in this avascular fibrous strand and calcification
or ossification can be found in the stroma area, accompanied with spare and inactive or
cystically dilated glands; (2) muscular adhesion composed of collagen bundles, fibrous
strips, or muscle with the same characteristics as normal myometrium, of which the
percentage of fibrous tissue is more than 50–80% in the biopsy specimens; and (3) a sclerotic,
atrophic endometrium [60]. Han and Du summarized the pathological changes taking
place in IUA, including endometrial fibrosis, endometrial scarring, the loss or thinning of
the endometrium with different degrees of damage to the basal layer, atrophic glands, a
lack of vascular stromal tissue and hypoxia, and a pale microenvironment in the adhesion
area [62].

IUA presents a challenge to the endometrial model of scar-free wound healing, as it
would appear that several postulated mechanisms that allow for scar-free regeneration and
repair are lost, including hypoxic injury, unbalanced inflammatory processes, decreased
angiogenesis, the disturbance of immune and molecular mechanisms, an unregulated EMT,
aberrant myofibroblast differentiation, bizarre stem cell regeneration, and interrupted
normal endometrial cell proliferation [63–72]. However, evidence has shown the pres-
ence of distinct genetic profiles between patients with and without IUA, suggesting that
IUA might not just be a representative of an iatrogenic disease, but also the result of a
genetic predisposition [72]. Thus, a greater understanding of the pathophysiology of IUA
might better elucidate the repairing of the defect behind IUA, and perhaps lead to the
establishment of prevention and treatment strategies. Figure 2 shows several mechanisms
postulated to be involved in the development of IUA.
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6. Primary Prevention of Intrauterine Adhesion (IUA)

When IUA develops, the status is more complicated, because it is hard to predict
the therapeutic outcome after the adhesiolysis of IUA. The treatment of IUA often needs
surgical intervention, and most involve a hysteroscopic approach. However, adhesiolysis
by hysteroscopy is often accompanied by higher complication and recurrence rates. All this
suggests the paramount importance of primary prevention of IUA. Therefore, efforts should
be made to minimize the risk of occurrence of IUA. IUA seems to be a frequent and major
long-term complication in patients who undergo hysteroscopic surgery for certain diseases
(submucosal myomas, adhesiolysis, septum or fibrosis of the intrauterine cavity [2,46–49],
or repeated abortion surgery [27]. The risk of IUA after hysteroscopic myomectomy was
determined to be as much as 31 to 78% [2,46–49], and over 30% after repeated abortion
surgery, for which the times of the abortion surgery were strongly correlated with the risk
of IUA development [27].

Many strategies or principles for decreasing the risk of developing IUA, such as the
reduced use of electrosurgery and the minimization of trauma to the healthy endometrium
and myometrium, have been proposed [73–79]. Additionally, many biomaterial agents,
barrier methods, and cell or bio-agent therapies have been applied [14,16,24,27–31,35,37,40,
43,44,62–73]. Figure 3 shows the recent development of agents available for the primary
prevention of IUA after uterine surgery.
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6.1. Surgical Techniques

First, the impact of surgical technology on the development of IUA should be con-
sidered, although it is unknown whether one technique is better than another [2], partly
because of the presence of many confounding uncontrolled variables, meaning the data
were derived with difficulty [73]. The most frequently discussed areas of surgical technol-
ogy fit into five categories: (1) types of intrauterine instrumentation, (2) types of energy
(bipolar or unipolar systems), (3) types of distending media (normal saline, dextran water
or glycine), (4) types of intrauterine pressure (low pressure versus high pressure), and
(5) preoperative additional therapy or postoperative additional therapy. The first four
categories are related to the surgical procedures directly. The last one is similar to the
concept of adjuvant therapy, which is discussed later.

6.1.1. Surgical Instrumentation

In terms of the choice of intrauterine instrumentation, the development of IUA is
highest in women displaying submucosal myoma after hysteroscopic surgery. For ex-
ample, submucosal myoma could be removed by a variety of surgical techniques. The
most common tools in the clinical practice include hysteroscopic resectoscopy and hystero-
scopic mechanical morcellation (known as hysteroscopic tissue removal) [79]. The latter
incorporates two main systems: the Truclear (Medtronic, Minneapolis, MN, USA), and the
MyoSure (Hologic, Marlborough, MA, USA), both of which have been approved by the
Food and Drug Administration (FDA) [73,74,79]. In theory, hysteroscopic tissue removal
might cause less damage to the endometrial cavity than resectoscopic myomectomy dose,
although no comparison studies have been conducted to evaluate the incidence of IUA
in women with submucosal myomas treated either by hysteroscopic resectoscopy or by
hysteroscopic mechanical morcellation [73–83]. By contrast, a comparison study has been
carried out on the management of women with placental remnants [80,84,85]. The results
showed that there were no statistically significant differences in adverse events, tissue avail-
ability, short-term effectiveness or postoperative IUAs when hysteroscopic morcellation
and bipolar loop resection for the removal of placental remnants were compared [79,82,83].
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6.1.2. Energy System during Hysteroscopic Surgery

In terms of energy systems, some reports favor the use of a bipolar system in place
of a unipolar system during hysteroscopic surgery in order to decrease the risk of IUA
formation [2]. Reports showed that the occurrence of IUA was 7.5% after hysteroscopic
tissue removal using a bipolar energy system compared to 35% in those using a unipolar
energy system [79], making bipolar systems the most widely used energy system during
hysteroscopic surgery [80]. Additionally, the advantages of bipolar systems are further
augmented by the lower risk of metabolic complications and fluid overload during op-
eration [73,76]. We also adopted this type (a bipolar system) of device in our institution
with an acceptable result [86]. However, recently, the use of a different application, such
as a “cold loop” system, which is mediated by a unipolar energy system, in the man-
agement of women with submucosal myoma was reported to involve a relatively low
risk of IUA formation (4.2%) [81]. One small series of eight women with menorrhagia,
anemia, and infertility secondary to types 0, I and II submucosal myomas were treated
with a hysteroscopy endo operative system (combination of cold graspers and electric
loop), yielding a favorable reproductive outcome [87]. The authors believed that the cold
surgery and fenestration method could minimize electrical and thermal damage to the
endometrium surrounding the myoma, consequently reducing surgical risks [87]. That
is to say that any electric energy device (unipolar/bipolar) may cause possible thermal
damage, contributing to the development of an electric energy-free instrument, as shown
in the aforementioned Section 6.1.1., addressing the surgical instrumentation. A recent
systematic review tried to summarize the available evidence on the role of hysteroscopic
tissue removal systems in the management of submucosal myomas [88]. The authors found
that despite the introduction of hysteroscopic tissue removal systems into clinical practice,
published data about their use in the management of women with submucosal myomas
are still extremely limited [88]. Although the real cause is uncertain, it is possible that the
surgeons do not favor this procedure due to its higher cost, considering that the complete
treatment of type II submucosal myomas often requires both hysteroscopic tissue removal
systems and classical resectoscoping in the operating theatre [88]. Taken together, we
believe the best way to limit electronic device-related damage is to avoid excessive energy
application to the endometrium, either directly or indirectly. Better visibility, precisely
cutting, and limited operation time may further decrease the thermal effect secondary to
the electronic device.

6.1.3. Pre-Hysteroscopic Management

In terms of preoperative procedures carried out before hysteroscopic tissue removal,
some may increase the risk of IUA development. The most common clinical situations
include a relatively large submucosal myoma, and the management of retained placenta
(placenta remnants) and/or abnormal placentation, such as placenta previa, accrete, increta,
and percreta [21,36,78–85]. Preoperative uterine artery embolization (UAE) or a similar
procedure performed by surgeons (uterine vessel occlusion (UVO) either by laparoscopy or
by exploratory laparotomy) may be an example [89–94]. With the assistance of preoperative
UAE or UVO, the procedure-related difficulty might be decreased, including less blood
loss, easy resection, or morcellation; however, the incidence of IUA (18–30%) seemed to be
similar to or higher than that in those treated via traditional hysteroscopic myomectomy
without the aforementioned procedure [2]. The value of using UAE prior to hysteroscopic
myomectomy is questionable, partly because of the possibility of an increased risk of IUA
formation, and most importantly, UAE might be associated with a greater therapeutic
challenge in further surgery for IUA (difficulty of intrauterine adhesiolysis) [2,92]. One
study found that the outcome after hysteroscopic adhesiolysis was statistically signifi-
cantly worse in women with UAE-related IUA than in those with IUA caused by surgical
trauma [92]. The reason is unclear, but uterine ischemia (hypoxic injury, inflammation, and
decreased angiogenesis) might be a direct cause.
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By contrast, other strategies, such as medication (gonadotropin-releasing hormone
agonist (GnRH agonist), selective progesterone receptor modulator (SPRM), and others)
are frequently used in the preoperative preparation before hysteroscopic tissue removal,
including hysteroscopic myomectomy, because of the advantages of increased hemoglobin
level and the shrinkage of tumor size, but the majority of articles are limited to discussing
the feasibility and safety of these strategies in the assistance of complete hysteroscopic
tissue removal, such as the percentage of myomas resected, the duration of surgery, the
fluid deficit, and complications [95–99]. There is still a lack of data on the risk of IUA
when the patients were treated with medication before hysteroscopic myomectomy, but
some reports have shown no significantly gross change in the endometrium during hys-
teroscopy between the no pretreatment and pretreatment groups [42,100]. Taskin and
colleagues found that IUA is the major long-term complication of operative hysteroscopy,
with frequency and severity dependent on the pathology initially treated, and pretreatment-
induced hypoestrogenism did not affect the frequency and severity of IUA formation [42].
Another report showed a similar rate of postoperative adhesion formation after abdom-
inal myomectomy in patients undergoing GnRH agonist pretreatment compared to in
patients without pretreatment [100]. To date, no evidence suggests a correlation between
pretreatment and the development of IUA in patients after hysteroscopic tissue removal,
hysteroscopic myomectomy, or repeated abortion surgery.

The recognition of the importance of IUA development after hysteroscopic surgery or
intrauterine surgery lead to the need for preventing its occurrence. In addition, subsequent
surgery (intrauterine adhesiolysis) in women with adhesions is more difficult, often takes
longer, and is associated with a higher risk of complication and recurrence rate [56,101,102].
Therefore, besides the role of surgical technology in IUA as shown above, several measures
have been proposed in an effort to decrease IUA after hysteroscopic surgery or repeated
intrauterine surgery, such as abortion surgery, based on the four strategies. One involves
the avoidance of over- or purulent inflammatory processes or over-traumatic injury; the
second is a barrier method to prevent the attachment of the bilateral traumatic surface;
the third is the enhancement of regeneration ability; the last is early intervention via
repeat hysteroscopy to remove the thin or immature adhesion band (Figure 3). The tools
include agents (drugs) or physical (mechanical) barriers to cover the uterine lining side, or
separate the opposing sides of the uterine linings immediately after hysteroscopic surgery;
the prescription of estrogen use postoperatively, postoperative gonadotropin-releasing
hormone agonist injection, or immediate postoperative antibiotics use; and the use of
biomaterials or new technologies such as cellular therapy [5–10,14,23,24,27–32,35–37,39–
43,56–59,62–71,86,101–156]. However, the majority of new technologies seem to be a long
way from routine clinical use. Additionally, some useful strategies based on the prevention
of recurrent IUA or the repair of the defective uterine wall have not been included in the
current review. Moreover, the combination of two or more methods in the prevention of
IUA formation after primary uterine surgery was also excluded.

6.2. Barrier Methods

Barrier is one of the frequently used tools in the prevention of adhesion, since in theory,
the separation of two opposite sides with a rough surface can prevent the contact of both
sides, and subsequently decrease the risk of adhesion between the two. A barrier can
be achieved by two strategies; one uses agents and the other is physical or mechanical.
Agents act as a barrier, can be solid form, liquid form (hydroflotation agents) or gel form,
and the components include polyethylene oxide–sodium carboxymethylcellulose gel and
crosslinked hyaluronic acid (CHA) gels [71,81,82,96–99,104–118,120,148,149,154–156]. Phys-
ical or mechanical barriers include intrauterine suitable balloon catheters, Foley balloon
catheters, Malecot catheters, silicone sheets, and intrauterine devices (IUD) [73,103–108].
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6.2.1. Gels as Anti-Adhesive Agents

Gel might be one of most convenient agents for application in a limited and irregular
space, such as the intrauterine space, and most gel agents commonly contain derivatives of
hyaluronic acid (HA) with other main components, such as sodium D-glucuronate and
N-acetyl-glucosamine, which is a linear polysaccharide with 25,000 repeating disaccharide
units, composed of major supportive and protective components in a vitreous body, saliva,
synovial fluid, cartilage, skin, and umbilical cord [157–163]. Earlier reports have shown
that the application of CHA gel has reduced the severity of postoperative IUA after
hysteroscopic procedures [86,109,111,112]. A recent prospective randomized controlled
trial was conducted to evaluate whether the intrauterine application of HA gel after D&C
may improve reproductive outcomes, and the results showed that patients in the HA
treatment group had not only shortened times to conception leading to a live birth (21.9
vs. 36.2 months), lower risks of reduced menstrual blood loss (7.5% vs. 20.3%), and lower
risks of dysmenorrhea (14.9% vs. 34.4%), but also a higher ongoing pregnancy rate (74.6%
vs. 67.2%), than patients without HA treatment do, suggesting that the application of HA
gel following D&C performed after a miscarriage is beneficial for subsequent reproductive
performance in women with at least one previous D&C [116].

There are many systematic reviews and meta-analyses available that evaluate the
effectiveness of the using HA in the primary prevention of IUA after intrauterine surgery or
miscarriage, and the effects not only demonstrate lower incidence, but also show a reduced
severity, of IUA in HA-treated patients.

Zheng and colleagues attempted to systematically evaluate the efficacy of hyaluronic
acid gel in preventing IUA following intrauterine operation [125]. Seven randomized
controlled clinical studies have been performed [96,104,109,114,124–126], enrolling 952
patients after intrauterine operation. The results showed that the use of hyaluronic acid gel
significantly reduced the incidence of IUA with a relative risk (RR) of 0.42 (95% confidence
interval (CI) 0.30–0.57, p < 0.001) [125]. In addition, the score for IUA after intrauterine oper-
ation was also statistically significantly decreased in patients with the use of hyaluronic acid
gel, with a mean difference (MD) −1.29, 95% CI from −1.73 to −0.84, and p < 0.001 [125].
The authors also found that the protective role of hyaluronic acid against the development
of IUA was not affected either by diseases or by types of intrauterine surgery. In terms
of abortion, the RR was 0.48 (95% CI 0.29–0.78, p = 0.003). In terms of IUA, the RR was
0.38 (95% CI 0.21–0.67, p < 0.001). Similar to the current study, in terms of submucosal
myoma, endometrial polyps or mediastinum uterus, the RR was also statistically signifi-
cant decreased (RR 0.40, 95% CI 0.18–0.90, p = 0.03). Considering the type of intrauterine
surgery, the effectiveness of hyaluronic acid gel in the reduction of IUA formation was
also statistically apparent, with an RR of 0.40 (95% CI 0.26–0.62, p < 0.001) in the abortion
surgery and 0.44 (95% CI 0.28–0.68, p < 0.001) in the hysteroscopic surgery [125]. The most
promising result of this meta-analysis showed that hyaluronic acid gel was beneficial for
future pregnancy rates after intrauterine surgery (RR 1.94, 95% CI 1.46–2.60, p < 0.001) [125].

Another earlier meta-analysis was conducted to evaluate the effectiveness of the
use of HA gel to prevent IUA after miscarriage [123]. The results of a total of four stud-
ies [109,114,128,129] enrolling 625 patients showed that HA gel significantly reduced the
incidence of IUA after miscarriage with a relative risk (RR) of 0.44 and a 95% confidence
interval (95% CI) ranging from 0.29 to 0.67 (p = 0.0001), and it also significantly reduced
the severity of IUA after miscarriage, with a standardized mean difference (SMD) of
−0.68 and a 95% CI ranging from −1.08 to −0.28 in the IUA scores (p = 0.0008) [123]. In
agreement with our aforementioned findings, this meta-analysis also found that HA gel
significantly reduced the incidence of moderate and severe IUA after miscarriage (RR 0.18,
95% CI 0.07–0.47, p = 0.0004), but seemed to have no effect on the reduced incidence of
mild-form IUA (RR 0.77, 95% CI 0.42–1.19, p = 0.19) [123]. Yan and Xu also found that
HA corresponded to a relatively high preventive effect against severe IUAs, as using HA
was superior to no treatment (logOR (odds ratio) −2.44, 95% CI from −3.95 to −0.92), and
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furthermore, the IUA scores in the HA treatment group showed an SMD of −1.25 (95% CI
from −1.52 to −0.97) compared to those in the no-treatment group [24].

There are several types of HA available in clinical practice. Some studies were
conducted to compare the anti-adhesive effects between the different modifications of
HA [89,146]. Although the data showed the effectiveness of different modifications of HA
in the prevention of IUA formation, our previous study suggested a high concentration
of HA may provide better therapeutic effects, given the lower severity of IUA seen in the
high-concentration HA group [86].

6.2.2. Intrauterine Device (IUD) or Intrauterine Balloon as Anti-Adhesive Barrier

In theory, the application of an IUD is effective in the prevention of IUA formation
after intrauterine surgery. However, the placement of an IUD is frequently applied for
the prevention of subsequent adhesion formation after adhesiolysis, and this procedure is
considered as the standard method to maintain the integrated uterine contour (cavity) [105].
Therefore, compared to the use of HA for the primary prevention of IUA, studies focusing
on the use of IUD are relatively few in number [24]. Tonguc and colleagues in 2010 found
that the rates of IUA were 10.5%, 0%, 12% and 5.3%, respectively, in the IUD placement,
estrogen alone, combination of IUD and estrogen, and no treatment groups, suggesting that
neither IUD placement nor estrogen treatment, nor both together, were found to prevent
intrauterine adhesions or facilitate pregnancy in patients after hysteroscopic uterine septum
resection [145].

Yu and colleagues enrolled 238 patients who underwent hysteroscopic uterine septum
resection to investigate the clinical efficacy of postoperative estrogen therapy, IUD, and
intrauterine balloon use in preventing IUA, and the results showed that the IUA rates
were 22%, 28.8%, 26.7%, and 24.1%, respectively, in the estrogen, IUD, intrauterine balloon,
and no treatment groups at one month postoperatively [146]. At the end of 3 months,
the IUA rates among the four groups were 0%, 1.7%, 1.3%, and 3.4%, respectively [146].
Therefore, the authors commented that the uses of postoperative estrogen therapy, IUD or
intrauterine balloon were not significantly different in reducing the incidence of postopera-
tive IUA formation [146]. Nevertheless, given the retrospective nature of this cohort study,
the conclusion should be considered preliminary, and a further prospectively planned
randomized study is needed to confirm the findings. In fact, as early as 1989, Vercellini’s
group had shown that IUD insertion and hormone therapy after hysteroscopic metroplasty
were not needed for to prevent IUA formation in women who underwent hysteroscopic
metroplasty [147].

To summarize all the above-mentioned findings, the primary prevention of IUA
using an IUD or intrauterine balloon with or without estrogen seemed to be not effective
in the prevention of IUA formation in women who underwent hysteroscopic uterine
septum resection.

6.2.3. Membrane Structure Containing Hyaluronate–Carboxymethylcellulose (ACH or CH)
or Polyethylene Oxide–Sodium Carboxymethylcellulose (Intercoat) as the
Anti-Adhesive Barrier

A meta-analysis conducted by Yan et al. found that an alginate hyaluronate–carboxy
methylcellulose (ACH) membrane was the most effective adjuvant treatment in preventing
IUA incidence [24]. In addition, the no-treatment control was far inferior to Intercoat
(logOR 1.58, 95% CI 0.25–2.90) [24]. According to the review by Yan and Xu, the most
effectively adjuvant therapy in the primary prevention of IUAs may be ACH, since it was
reported to be more than 93.3% effective [24].

7. Future Vision of IUA Management

Primary prevention is the most important issue for women who need uterine surgery,
especially for those women of reproductive age suffering from intrauterine lesions. Even
though much evidence suggests that the risk of developing IUA can be reduced using the
aforementioned strategies, it is well known that IUA cannot be totally avoided. Therefore,
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subsequent IUA management is considered necessary when IUA occurs. Thus far, there
have been many publications addressing the topic of the management of IUA [23,24,26–
30,35,40,43,57–59,62,64,131–136,138–142,155,164–168].

As shown in Figure 3, bioagents, cellular therapy, and three-dimensional biotech-
nology may be useful in the management of women with IUA. Re-starting endometrial
regeneration and scar-free repair of the uterine cavity is the key factor for the restoration
of normal reproductive function in women with IUA. Recently, the regenerative potential
of stem cells has demonstrated improved outcomes in terms of fertility and fibrosis in
both mice and humans with IUA [28,164–166]. Stem cells impact tissue repair by honing
in on the injured site, recruiting other cells by secreting chemokines, modulating the im-
mune system, differentiating into different types of cells, and differentiating into daughter
cells [164]. We welcome more research addressing this issue to provide evidence concerning
effectiveness and long-term safety.

8. Conclusions

IUA is still a challenging disease, although it is often neglected. The risk of the de-
velopment of IUA is relatively high in women undergoing hysteroscopic myomectomy.
Primary prevention might permit a more effective reduction in IUA formation, thus helping
avoid the subsequent impairment of reproductive performance. To summarize all the find-
ings, the primary prevention of IUA using an IUD or intrauterine balloon with or without
estrogen did not attain statistical significance in preventing IUA formation in women who
underwent hysteroscopic uterine septum resection. Our previous findings demonstrated
that crosslinked hyaluronic acid gels are highly recommended for the prevention of in-
trauterine adhesions [86]. A pooled analysis of two studies that limited the use of ACHA
in 119 women showed that the application of ACHA gel for the primary prevention of IUA
in patients after hysteroscopic myomectomy led to a statistically significant reduction in
the development of IUA postoperatively (OR 0.285, 95% CI 0.116–0.701, p = 0.006) [148].
All this suggests that using ACHA gel in patients after hysteroscopic myomectomy could
significantly reduce de novo IUA. Therefore, any strategy, such as the use of anti-adhesive
agents, including HA-related biomaterials like CHAP and auto-cross-linked hyaluronic
acid (ACP) gels, or other barrier methods, such as using membranes or Intercoat containing
alginate hyaluronate–carboxymethylcellulose, hyaluronate–carboxymethylcellulose, or
polyethylene oxide–sodium carboxymethylcellulose, should be considered, although more
studies are needed to provide supporting evidence.
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Abbreviations
The following abbreviations are used in this manuscript:
IUA intrauterine adhesion or intrauterine adhesions
EMT epithelial–mesenchymal transition
MET mesenchymal–epithelial transition
C/S cesarean section
HSG hysterosalpingography
TVS transvaginal ultrasound
3-D three-dimensional
4-D four-dimensional
SHG sonohysterography
MRI magnetic resonance imaging
D&C dilation and curettage
AFS the American Fertility Society
ESGE the European Society of Gynecological Endoscopy
HTR hysteroscopic tissue removal
FDA the Food and Drug Administration
UAE uterine artery embolization
GnRH gonadotropin-releasing hormone
SPRM selective progesterone receptor modulation
CHA crosslinked hyaluronic acid
IUD intrauterine devise
CHAP crosslinked hyaluronic acid plateform
HA hyaluronic acid
RR relative risk
95% CI 95% confidence interval
SMD standardized mean difference
OR odd ratio
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