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Abstract

Regardless of the anatomical locations, some benign gynecological disorders (BGDs) such as peritoneal endometriosis,
ovarian endometrioma, adenomyosis, uterine leiomyomas, endometrial polyps, uterine septum, and hydrosalpinges may lead
to implantation failure. Despite progress in medical therapies, surgery remains a mainstay of BGDs treatment. Although our
knowledge of endometrial receptivity after BGDs surgery is limited, it has allowed for significant improvement in the
treatment of female subfertility. Many researchers studied on pregnancy outcome following BGDs surgery, but they did not
investigate the possible impact of surgery on endometrial receptivity. They, therefore, concluded that pregnancy rates
improved after BGDs surgery based on clinical observations. Many of these clinicians believe that surgical resection of
BGDs leads to removal of local mechanical effect over the endometrium. Moreover, they accept that BGDs surgery may
inhibit the detrimental signaling and secretion of some molecules from the BGDSs into the endometrium that may lead to
favorable effect on the endometrium. However, so far, data from randomized controlled trials or systematic review or
meta-analyses to answer the question whether surgical treatment of BGDs can improve endometrial receptivity are lacking.
The purpose of this systematic review was to evaluate the results of available publications dealing with the impact of
reproductive surgery for BGDs on endometrial receptivity.
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Introduction

Defects in endometrial receptivity that contribute to subfertility
have been linked to a wide range of benign gynecological dis-
orders (BGDs), all of which can impair successful implanta-
tion." Studies have revealed differences in the expression of
several genes and inflammatory cytokines in eutopic endome-
trium of women with BGDs.>® Regardless of the anatomical
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location, some benign lesions such as peritoneal endometriosis,
ovarian endometriomas, adenomyosis, uterine leiomyomas,
endometrial polyps, uterine septum, and hydrosalpinges might
be associated with implantation failure, leading to disturbed
receptivity and pathological inflammation in the endome-
trium.>*”"'* Direct contact between the endometrium and the
solid and/or cystic BGDs are not mandatory to negatively influ-
ence the endometrium receptivity. Recent study has reported
that isolated peritoneal endometriotic implants influence the
pregnancy rate independent of their location and implant size."!
Therefore, BGDs located along the peritoneum—ovary—myo-
metrium—endometrium axis might affect the endometrial
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receptivity independent of their location.>>7-1° Benign gyne-
cological disorders-associated infertility is not exclusively due
to mechanical factors, defective folliculogenesis, and reduced
fertilization but also the result of defective implantation capac-
ity.>!? Although endometrial receptivity of some patients hav-
ing endometriosis, uterine septum, and nonendometriotic
benign ovarian cysts might not be altered during the window
of implantation, the underlying mechanisms of BGDs-
associated subfertility remain elusive.”'?

Assessment of the endometrium in women with BGDs-
associated subfertility showed an abnormal expression of puta-
tive implantation markers such as homeobox (HOX) genes,
ovp3 integrins, and leukemia inhibitory factor (LIF).>*!%13
As an example, the presence of hydrosalpinx reduces the recep-
tivity of the endometrium by decreasing the expression of LIF
and HOX genes.'®!” Likewise, it has been reported that ovar-
ian endometrioma increases nuclear factor kB (NF-kB)-related
pathological endometrial inflammation.®> Further, glandular
endometrial atrophy is the most frequently noted histological
finding secondary to uterine leiomyomas.'® Differences in the
expression of some receptivity molecules suggest that the
endometrium of women with BGDs may appear histologically
normal but, in fact, be genetically abnormal. Together, we can
propose that BGDs may affect the endometrial receptivity
through a specific and selective molecular and genetic
mechanisms.

Despite progress in medical therapies, surgery remains a
mainstay of BGDs treatment. Several drawbacks of the current
BGDs treatment with medical agents often lead to abandon-
ment of nonsurgical approaches and repeated surgical therapy.
So far, the availability of nonsurgical approaches has failed to
substantially change everyday clinical practice, and the major-
ity of women with endometrioma, symptomatic uterine
fibroids, and deep peritoneal endometriosis are still managed
surgically. This is, at least partly, because some of the medical
agents are still investigational, which poses the problem of their
long-term safety and efficacy compared to standard surgical
treatment. In connection with all medications currently avail-
able for endometrioma/endometriosis, adenomyosis or fibroid
treatment including GnRH agonist, ovarian steroids, progester-
one receptor antagonist, and selective progesterone receptor
modulator are unsuitable for long-term use because of their
significant side effects.'’

The data to date suggest that surgical approaches hold prom-
ise for improved fertility outcome for appropriately selected
infertile women with endometriomas or symptomatic uterine
leiomyomas but still are too few to draw conclusions about the
impact of surgery on endometrium receptivity.>*’ Many
researchers studied on pregnancy outcome after BGDs surgery,
but they did not investigate the impact of surgery on endo-
metrial receptivity. They, therefore, concluded that pregnancy
rates increased after BGDs surgery based on clinical observa-
tions. Many of these clinicians believe that surgical resection of
BGDs leads to removal of local mechanical effect over the
endometrium.'* Moreover, they accept that BGDs surgery may
inhibit the detrimental signaling and secretion of some

molecules from the BGDs into the endometrium, which may
lead to favorable effect on the endometrium.'™ However, so far
data from randomized controlled trials or systematic review or
meta-analyses to answer the question whether surgical treat-
ment of BGDs can improve endometrial receptivity are
lacking.

The purpose of this systematic review was to evaluate the
results of available publications dealing with the impact of
reproductive tissue surgery for BGDs on endometrial receptiv-
ity. Due to difficulties in obtaining and evaluating endometrial
tissue samples in humans, we have included the experimental
studies investigating endometrium receptivity in BGD models
to discuss what mechanisms are associated with the disturbance
of endometrial receptivity in different species. Studies evaluat-
ing possible impacts of medical treatment of BGDs on endo-
metrial receptivity was also included in the review. Before
review of the literature, we will try to give some information
about endometrium characteristics, nonsurgical treatment
options, and animal models of BGDs.

Endometrium Characteristics of BGDs

The endometrium is accepted as a final destination allowing
blastocyst to attach under sufficient amounts of biologically
relevant receptivity molecules.?® Disturbed expression of the
receptivity genes and molecules in the endometrium during the
window of implantation might be a common factor among
patients with infertility due to different benign gynecological
etiologies. In good agreement, endometrial receptivity defects
have been noted in a variety of clinical disorders, including
hydrosalpinges, endometriosis, endometrioma, endometrial
polyp, uterine leiomyoma, and polycystic ovary syndrome.'*
Discordantly, many animal species having infertility do not
exhibit histological evidence of defective endometrium. For
instance, endometrium of HOXA10-deficient mice shows nor-
mal histological appearance.”!

There are 2 types of endometrial receptivity defects. Each of
them might be seen in different form of BGDs. In type I defect,
the lack of the integrin B3 subunit leads to delayed expression
of avB3 integrin. Cases with out-of-phase endometrium show
type I endometrial defect. Type II is the occult form of endo-
metrial receptivity defect and leads to decreased implantation
rates.'* Endometrium in the type II defect is histological in
phase and normal in appearance. However, expression of the
endometrial avPB3 integrin decreased. Endometriosis is likely
the most common cause of endometrial receptivity defects,
especially in cases of minimal or mild disease for which
mechanical reasons do not explain the loss of fertility. Con-
cordantly, type II endometrial receptivity defect has been
reported in the endometrium of women with minimal and mild
endometriosis and the endometrium of unexplained inferti-
lity."**? In good agreement, administration of peritoneal fluid
from women with endometriosis to mice not only reduces
expression of LIF and avPB3 integrin but also leads to decline
in HOXA-10 expression.? It is most likely that inflammatory
contents of peritoneal fluid may negatively affect endometrial
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Table I. Endometrium Characteristics of Different BGDs.

BGD Endometrium Characteristics

Endometriosis/ .
endometrioma

Upregulation of ER and absence of
PRb, 2526

{*NF-kB, Bcl-2 expression

{rnerve fiber density

JHOXA-10, avP3 integrin expression
{Japoptosis

defective aromatase metabolism
frendometrial polyp®'
Jlymphocyte-mediated cytotoxicity®?
L natural killer cell activity®?

27%-70% of women with endometriosis
concomitantly had adenomyosis®>*
frangiogenesis

U decreased apoptosis
progesterone resistance
defective cytokine expression
JLIF and IL-1 | expression®®
Glandular endometrial atrophyI8

BMP-2 resistance®’3?

Fibroid derived TGF-B3 induces BMP-2
resistance and leads to defective
decidualization®’

Defective avp3, HOXA-10, and LIF
caxpressione"""I7

e Reflux of alkaline hydrosalpinx content
disturbs receptivity***!

Failed expression of endometrial IGFBP-1,
glycodelin, TNF-a, and osteopontin'o’42
fexpression of endometrial NF-kBI*
Endometrium of women with uterine
septum is similar to the endometrium of
fertile participants’

3,14,27-30

Adenomyosis

35

Leiomyoma

Hydrosalpinx .

Endometrial polyp .

Uterine septum

Nonendometriotic e Endometrium of women having serous,
benign ovarian dermoid, and mucinous ovarian cysts are
cyst similar to the endometrium of fertile

par’cicipantsg"4

Abbreviations: NF-kB, nuclear factor kB; ER, estrogen receptor; PRb,
progesterone receptor b; HOXA-10, homeobox Al0; LIF, leukemia inhibitory
factor; IL-11, interleukin | 1; TNF-o, tumor necrosis factor o.

receptivity by inhibiting expression of some specific endome-
trial proteins including ovp3 integrin 2* (Table 1).

Endometrium Characteristics in Endometriosis/
Endometrioma

Eutopic endometrium of women with endometriosis is different
from that of women without endometriosis. Attenuated proges-
terone response in endometrium from women with endometrio-
sis has been reported.** In addition, increased NF-xB, Bcl-2
expression, increased nerve fiber density, decreased endome-
trial HOXA-10, avB3 integrin expression and apoptosis, defec-
tive aromatase, and estrogen metabolism have been reported in
the endometrial cells of women with endometriosis.*'*27-3°
Another defect observed in eutopic endometrium of women
with endometriosis is the failed expression pattern of estrogen

receptors (ER) and progesterone receptors (PR). It is a well-
known fact that an increase in progesterone relative to estrogen
is required for successful implantation. Although ER is down-
regulated at the time of implantation in fertile participants,
women having endometriosis, however, were reported to have
an upregulation of ER and absence of PRb.>>?® Therefore,
some receptivity genes induced by progesterone such as
HOXA10 and HOXA11 were dysregulated in the endometrium
of women with endometriosis.'> These data support the idea
that eutopic endometrium may have a critical role in
endometriosis-related subfertility.*’

In terms of endometrial receptivity markers, both HOXA-10
and avP3 expressions have been shown to be significantly
reduced in the endometrium of women with mild but not
moderate or severe endometriosis.'**® Concordantly, studies
have demonstrated that the presence of endometriosis might
induce aberrant methylation of HOX genes in the eutopic
endometrium.>**” Wu et al demonstrated that HOXA-10
was hypermethylated in the endometrium of women with
endometriosis.*®

Increased prevalance of endometrial polyp in women with
endometriosis may also support the possible interaction
between endometriotic lesions and defective endometrium. In
good agreement, recent meta-analysis reported that the inci-
dence of endometrial polyp in women with endometriosis sig-
nificantly increased.’’ The risk of endometrial polyp was found
to be increased in patients at stages 2 to 4 when compared to
those at stage 1.>! Likewise, decreased lymphocyte-mediated
cytotoxicity and natural killer cell activity within the endome-
trium of women with endometriosis have been reported.>?

Endometrium Characteristics in Uterine Leiomyomas

Endometrium of women with uterine leiomyomas may appear
histologically normal but, in fact, may show molecular
abnormality.” It is likely that defective regulation of some
growth factors and cytokines inside the endometrial cells of
women with uterine leiomyomas may be responsible for dam-
aged endometrial receptivity.*®*! Harmful signaling molecules
that originate from the intramural leiomyomas may reach the
endometrium via intercellular communication routes and may
lead to negative endometrial effects. Concordantly, it has been
reported that glandular endometrial atrophy is the most fre-
quently noted histological finding secondary to uterine leio-
myomas.'® Moreover, uterine leiomyomas secrete great
amount of transforming growth factor B3 (TGF-B3) and endo-
metrium of women having uterine leiomyomas show bone
morphogenetic protein 2 (BMP-2) resistance.’’” Taken
together, TGF-B3 secretion from uterine leiomyomas induces
BMP-2 resistance in endometrium and leads to defective endo-
metrial decidualization.®”

Endometrium Characteristics in Adenomyosis

The association between adenomyosis and subfertility has been
reported.** Accumulating data have demonstrated that there is
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a close association between the occurrence of adenomyosis and
functional defects in eutopic endometrium. Adenomyosis
reduces endometrial receptivity in a manner similar to endo-
metriosis. Concordantly, it has been reported that 27% to 70%
of women with endometriosis concomitantly had adenomyo-
sis,>*** and the latter is associated with lifelong infertility in a
baboon model of adenomyosis.>® Similar to eutopic endome-
trium of patients with endometriosis, endometrium of cases
with adenomyosis exhibits increased angiogenesis, decreased
apoptosis, local estrogen synthesis, progesterone resistance,
and defective cytokine expression.®> Alike, Yen et al have
reported that some implantation markers including LIF and
interleukin (IL) 11 are decreased in the endometrium of women
with adenomyosis.*®

Endometrium Characteristics in Hydrosalpinges

Both unilateral and bilateral hydrosalpinges as well as tubal
phimosis may negatively affect endometrium receptivity.>'->>
Hydrosalpinx fluid consists of some cytokines, prostaglandins,
and inflammatory substances. Reflux of alkaline hydrosalpinx
content into the endometrial cavity might disturb endometrium
receptivity. In addition, hydrosalpinx fluid may negatively
affect endometrial apposition and attachment of blasto-
cyst.>*%4! In good agreement, defective expression of otvp3,
HOXA-10, and LIF genes were noted during the midsecretory
phase in endometrium of patients with hydrosalpinges.®'*!”

Endometrium Characteristics in Uterine Septum
and Endometrial Polyps

Uterine septum and endometrial polyps not only lead to
mechanical interference with sperm and embryo but may also
alter endometrial receptivity and implantation. Failed expres-
sion of endometrial insulin-like growth factor 1 binding protein
(IGFBP-1), glycodelin, tumor necrosis factor o (TNF-a), and
osteopontin have been reported in women with endometrial
polyp.'®** Conversely, increased expression of endometrial
NF-kBI1, an inflammatory marker, has been reported in women
having endometrial polyps, suggesting pathological endome-
trial inflammation.*?

It is plausible that uterine septum may adversely affect the
endometrium and impair endometrial receptivity. However,
there is no comprehensive study investigating the endometrial
histology and receptivity markers in women with uterine sep-
tum. Therefore, little is known how uterine septum leads to
infertility. Concordantly, in a recent study, our group demon-
strated that there was no significant change in the endometrium
of women with uterine septum compared to fertile controls.”

Nonsurgical/Medical Therapy of BGDs

The currently available data on pregnancy after nonsurgical
approaches (medical treatment or minimally invasive proce-
dures) are insufficient to routinely offer medical treatment as
an alternative to myomectomy or endometrioma resection to

women who wish to preserve, or enhance, their fertility.
Another unresolved issue with medical approaches for leio-
myomas, adenomyosis, and endometriomas concern the dur-
ability of clinical improvement over time. If endometrioma,
adenomyosis, or fibroid tissues are not removed, patients
receiving medical treatment might be at risk of regrowth of the
remaining issues. However, in women having very large or
difficult-to-remove fibroids or endometrioma, or in whom sur-
gery is contraindicated, nonsurgical approaches may be
preferred.

Combined oral contraceptives, progesterones, GnRH ana-
logs, or aromatase inhibitors can be used in treatment of some
BGDs to prevent estrogen synthesis or block its action.*® How-
ever, there is little evidence to support use of medical agents in
women with endometriosis who wish to improve fertility.>?
Hence, last decade studies investigating possible impact of
medical treatment of endometriosis has turned toward TNF-
o, macrophage migration inhibitory factor, prostoglandin E2,
and estrogen receptor  pathways as potential targets for treat-
ment of endometriosis. Experimental studies investigating
these pathways have provided promising results on their ability
to suppress implant growth.54'57 Unfortunately, confirmatory
studies in human participants remain to be initiated.

The main problem limiting the use of medical treatment of
endometriosis is the existence of PR resistance. Decreased
PR-A and increased ratio of PR-B to PR-A were reported in
the eutopic endometrium of endometriosis and adenomyo-
sis.*>® The altered PR expression may lead to decreased
expression of progesterone-responsive mediators including
HOX genes.'> Concordantly, in baboons with induced endo-
metriosis, endometrial HOXA expression was found to be
downregulated.®® Likewise, defective PR expression seen in
endometriosis and adenomyosis may be related to the poor
response of both diseases to progestational agents.’® Collec-
tively, progesterone resistance may lead to defective endome-
trial receptivity and medical treatment failures in endometriosis
and adenomyosis.

Due to the small sample size, most studies lack sufficient
power to appropriately assess the relative impact of the medical
treatment on endometrium receptivity. Likewise, there is no
option of medical treatment for endometrial polyp, hydrosal-
pinges, and uterine septum. Together, as the total number of
cases treated by medical agents are quite small when compared
to myomectomy or endometrioma resection, it is difficult to
draw conclusion about the relative pros and cons of nonsurgical
approaches for BGDs.

Animal Models of BGDs

As endometrium receptivity is complex and difficult to obtain
and evaluates endometrial tissue in humans, we and others have
looked into animal models to study endometrium receptivity.
Although murine models for leiomyomas have been reported,
uterine leiomyomas are rare in animals, and there is no univer-
sally accepted animal model. Although some species of rats
may develop tumors that resemble uterine leiomyomas, the
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growth patterns of these tumors do not display the characteris-
tic features of the human leiomyomas.®® Likewise, there is no
universally accepted animal model for endometrial polyp, uter-
ine septum, and hydrosalpinges.

It is difficult to evaluate the impact of adenomyosis on
endometrium receptivity as the final diagnosis required hyster-
ectomy. Likewise, the uncertain and multiple etiologies of
endometriosis and the need for laparoscopy to diagnose meant
that many cases remained undetected and limited our under-
standing of their relation to receptivity. Due to these facts, the
generation of animal model of endometriosis and adenomyosis
can have important implications on our understanding of the
etiology of both diseases. The diagnostic difficulties regarding
both diseases have led to the development of different experi-
mental models for adenomyosis and endometriosis, which
include baboons, rodents, and immunocompromised nude
mice.®"% Cycle characteristics and anatomy of the reproductive
organs are very similar in both women and baboons.®* There-
fore, baboon widely is used as a model for the study of some
BGDs in humans.®® Results obtained from experimental studies
clearly demonstrated that the rodent and baboon models are
potential tools to study the pathophysiology and pathogenesis
of endometriosis and adenomyosis, respectively, in women.**
However, Dehoux and colleagues performed a study that ques-
tioned the appropriateness of the baboon model for endometrio-
sis research.®® They have reported that baboons have effective
mechanisms to cleanse and renew their peritoneum after induc-
tion of endometriosis, limiting the reliability of results. Hence,
there is a doubt whether the baboon is a relevant model for
endometriosis researches.®® Further, researches investigating
endometrium receptivity in animal experiments is not necessa-
rily transposable to the human model of implantation.

Methods
Search Strategy

A systematic review of the available evidence was performed
to assess the efficacy of surgery on endometrium receptivity as
a treatment of BGDs. We carefully searched PubMed for rel-
evant studies available online and published between 1990 and
2015. The last retrieval date was December 31, 2015. Studies
not published in English were excluded. PubMed database was
searched for studies that explored the efficacy of BGDs surgery
on endometrial receptivity in women with ovarian endome-
triomas, peritoneal endometriosis, uterine leiomyomas,
adenomyosis, uterine septum, endometrial polyps, and
hydrosalpinges. The search terms “endometrioma/endometrio-
sis resection/removal/cystectomy/ablation and endometrium/
receptivity” or “myomectomy (laparoscopy/laparotomy) and
endometrium/receptivity” or ‘“adenomyosis surgery/resec-
tion/removal and endometrium/receptivity” or “hysteroscopic
polypectomy and endometrium/receptivity” or “metroplasty/
septum resection, and endometrium/receptivity’”’ or
“salpingectomy, hydrosalpinges removal, and endometrium/
receptivity” were used as key words. Primarily, HOX gene,

a well-known endometrial receptivity marker, was written
into the PubMed search box to identify endometrial receptiv-
ity. During database search for HOX genes, detection of
studies investigating other receptivity markers, growth fac-
tors, and cytokines were also included in the review. Exclu-
sion of these markers would have led to missing out
important data and available evidence. These subsets were
combined using “AND” to generate final citations addressing
the research question. The reference list of all published
receptivity trials including review articles were examined to
identify articles not noted by the electronic search of the
PubMed.

Selection of Articles

Five reviewers (M.A., E.-T.H., T.A. M.B., L.S., F.F.V.) inde-
pendently assessed all studies for inclusion or exclusion. Any
disagreement was resolved in discussion with the other authors
(0.C., TK., and E.C). The references of the selected articles
were also checked for possible endometrial receptivity studies
to include. Due to lack of randomized controlled studies inves-
tigating endometrium receptivity following surgery, the
included studies in the review were prospective nonrando-
mized, where women with BGDs had undergone surgical
removal of the lesions and obtained endometrial samples. The
nonrandomized receptivity studies were vigorously reviewed
and good quality prospective or case controlled trials that met
all predefined criteria were included. The studies were
excluded if they were a retrospective trial. Case series, reviews,
comments, letters, and editorials were also excluded. At the
first screening, manuscript titles were investigated, and studies
with lack of any relevance were excluded. Articles evaluating
endometrial receptivity in experimental models were included,
but their conclusions were made separately. Likewise, articles
evaluating the impact of nonsurgical approaches on endome-
trial receptivity were included, but their conclusions were made
separately.

Articles containing uncertain items were not excluded but
subjected to a second screen. The second screen was performed
by reading the abstract of articles that were not excluded at the
first screen. The above-mentioned criteria were used for the
abstracts. Articles with relevant abstract were subjected to a
third screen. For the third screen, full length of all relevant
articles were carefully read. All the above-mentioned criteria
were considered again, together with extraction of the follow-
ing characteristics: research aim, design of the study, the
method of evaluation of surgical outcome, the number of recep-
tivity markers investigated, investigation method of endome-
trium and uterine flushing samples, conclusion, and date of
publication.

Outcome Measures

The primary outcome measure was change in endometrium
receptivity markers after surgery. Therefore, only studies
focusing on impact of BGDs surgery on endometrial
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receptivity were considered for further evaluation. Publications
evaluating endometrial receptivity in patients not going for
surgery were out of scope of this study. Concordantly, studies
evaluating endometrium and uterine flushing samples before
and after surgery were chosen. Publications evaluating conse-
quences of medical treatment on endometrial receptivity were
considered as secondary outcome measures. The remaining
studies were grouped according to their patients group (endo-
metrioma, peritoneal endometriosis, leiomyoma, endometrial
polyp, hydrosalpinges, uterine septum, adenomyosis, and endo-
metrial injury), and then the effect of BGDs surgery on endo-
metrial receptivity markers was evaluated and compared.

Results

Included Studies

The search of databases resulted in a total of 3051 titles. After
the first and second screen based on title and abstract search,
only evidently irrelevant publications (a total of 3009 items)
were excluded because the publication failed to meet selection
criteria. The third screen based on full text was performed in
the remaining 42 publications. At this thorough investigation,
28 articles did not meet the selection criteria and were
excluded. They were review articles or commentaries (n = 5)
or retrospective trials (4) or case series (n = 3), lack of clear
data (n = 7) or had outcomes not mentioned, or timing of
intervention different or unclear (n = 9). The flowchart of
selection is shown in Figure 1. Impact of BGDs surgery on
endometrium receptivity was evaluated in 14 prospective clin-
ical trials. All studies evaluated endometrial receptivity before
and after surgery. We, therefore, performed data extraction
only in 14 articles, where 5 of 14 articles were related to hydro-
salpinges, 5 to endometriosis, 3 to endometrial polyp, and the
remaining 1 to leiomyomas and uterine septum. The numbers
of investigated receptivity markers were between 1 and 6. Of
the 14 articles, 12 used endometrial samples for receptivity
evaluation whereas 2 used uterine flushing samples. The
RT-PCR, immunoradiometric assay, enzyme-linked immuno-
assays, and immunohistochemical staining methods were used
to evaluate endometrium and uterine flushing samples. One
study used cytotoxicity assays to investigate the effect of sur-
gery on endometrium. Conclusion and date of publication are
shown in Table 2.

Endometrial Receptivity After Endometriosis
and Endometrioma Surgery

Both peritoneal endometriotic lesions and ovarian endome-
trioma may have a detrimental effect on the endometrial micro-
environment.>* Presence of endometriotic lesions may directly
stimulate deregulation of receptivity markers which are respon-
sible for implantation in the eutopic endometrium.*® Surgical
resection of minimal-mild endometriosis is an effective
approach for the treatment of subfertility-associated superficial
peritoneal endometriosis.”"’? A randomized controlled trial

Articles retrieved from
PubMed
(n=3094)

s el Excluded after review of the
T P— title and abstract (n=3052)

Assessed in detail (n=42)

Excluded (n=28)

-Inclusion criteria not met (n=9)
-Review or commentary (n=5)
-Retrospective (n=4)

-Case series (n=3)

-Lack of clear data (n=7)

Third screen

Selected for present analysis
(n=14)

Endometriosis:3 Endometrioma:2 | Leiomyoma/uterine septum:1

Endometrial polyp:3 | Hydrosalpinges:5

Figure |. A flowchart depicting the selection of studies for the sys-
tematic review.

assessed fertility outcomes in stage I to II minimal or mild
endometriosis and reported an improvement in live birth rate
after surgical resection or ablation of visible implants.”' Com-
plete surgical excision of minimal-mild endometriosis before
the ART treatment may improve reproductive outcome.””
Likewise, complete removal of deeply infiltrating peritoneal
endometriosis enhances fertility success.”*’> However,
whether surgical treatment of moderate-to-severe endometrio-
sis can increase pregnancy rates are lacking. Barnhart et al
demonstrated that women with severe endometriosis had sig-
nificantly lower peak estradiol levels and number of oocytes
retrieved as well as pregnancy rates than those with mild dis-
ease.”® Even young women with severe disease have lower
implantation rates when compared to those with minimal or
mild diseases.”” Nevertheless, recent retrospective study has
reported that women with moderate—severe stage endometrio-
sis have a good chance of pregnancy following laparoscopic
resection.’® In good agreement, a study conducted by Centini
et al has demonstrated that laparoscopic excision of deep endo-
metriosis increases pregnancy rate.''

It is a well-known fact that neither all women with endome-
triosis are infertile nor all women with endometriosis lack
expression of endometrial receptivity markers.”® Studies
reported that superficial peritoneal endometriosis may lead to
both defective methylation and decreased expression of
endometrial HOXA-10 gene.*”>® In contrast, endometrium
avP3 integrin expression and pinopode formation in infertile
patients with stage I or II endometriosis are not decreased.®
Assessment of endometrial receptivity markers after surgical
resection or ablation of superficial peritoneal endometriosis has
been discussed in 3 investigations. In the first study, the corre-
lation between minimal-mild endometriosis surgery and
change in endometrium ovp3 expression was discussed.’
Treatment of women with superficial endometriosis by laser
ablation of implants has been reported to have positive impacts
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Table 2. Summary of Included Studies.

Studies Surgical Intervention Receptivity Markers Comment
I. Celik et al (2015)* e Endometrioma HOXA-10, HOXA-I1, LIF, e Endometrioma surgery increases expression
resection ITGB3, ITGAV levels of endometrial HOXA-10, || and LIF
e Nonendometriotic mRNA.
cystectomy Unchanged receptivity markers expression
2. Celik et al (2013)® e Endometrioma NF-xBI (p50/105), NF-xB p65 Endometrioma surgery decreases
resection (Rel A) expression of NF-kBI| and NF-«xB pé65.
e Nonendometriotic e Unchanged NF-xB p65 expression
cystectomy
3. Lessey and Young Laser ablation of avp3 Returning of decreased endometrium integrin avf33

(1997)° superficial endometrial

implants

4. Moberg et al (2015)*” Cauterization and excision LIF, LIFR, and gp |30 protein
of endometrial implants

CO,-laser excision of the

endometriotic implants

expression after surgery

Any improvement in the failed expression of LIF,
LIFR, and gp130 did not occur.

Cytotoxicity assays in autologous Decreased natural killer cell activity and impaired
and heterologous endometrial cytotoxicity did not change.
lymphocytes

HOXA-10 HOXA-I I, LIF,
ITGB3, and ITGAV genes

5. Oosterlynck et al
(1994)%8

6. Unlu et al (2016)7 Intramural myomectomy Intramural myomectomy upregulates expression
levels of endometrial HOXA-10 and HOXA-I 1
mRNA.

Submucosal myomectomy leads insignificant
upregulation in endometrial HOXA-10 and
HOXA-I1 mRNA expression.

Metroplasty does not alter expression levels of
endometrial receptivity markers.

Submucosal myomectomy

Metroplasty

7. Meyer et al (1997)8 Surgical extirpation e Integrin al Bl (i) Surgery improved the failed expression of
Distal e Integrin a4pl integrin avP3 in the endometrium of 70%
neosalpingostomy e Integrin avp3 patients.

e Transvaginal needle e Gland/stroma (if) Surgery leads to reduction in the gland
drainage e synchronization stroma dyssynchrony and out-of-phase
e Proximal tubal endometrium.
ligation of the
hydrosalpinges.

8. Bildirici et al (2001)®° Salpingectomy avf3 Improvement in the expression of endometrial

integrin avp3 following salpingectomy.

9. Seli et al (2005)"7 Salpingectomy LIF LIF levels of the postsalpingectomy samples reached

to the levels of age-matched fertile controls.
10. Daftary et al (2007)'® Salpingectomy HOXA-10 Salpingectomy leads to |5-fold increase in

I'1. Zhong et al (2012)°

12. Elbehery et al
(2011)"°

13. Ben-Nagi et al
(2009)*

e Salpingectomy
e Hydrosalpinx
aspiration

Salpingostomy

Proximal tubal

ligation
Polypectomy

Polypectomy

14. Bozkurt et al (2015)*  Polypectomy

LIF, L-selectin

IGFBP-1, glycodelin

IGFBP-I, TNF-0, osteopontin,
glycodelin, IL-6, and IL-10

NF-xB| and NF-kB p65

endometrial HOXA-10 expression.
Hydrosalpinges surgery increased the expression of
endometrial LIF and L-selectin ligand.

Polypectomy upregulates the IGFBP-1 and
glycodelin levels in endometrial flushing samples
(i) Polypectomy improved failed expression of
IGFBP-1, TNF-o, and osteopontin in
flushing samples.
(i) Unaltered glycodelin, IL-6, and IL-10 levels
after polypectomy

Polypectomy leads to significant decline in both
endometrial NF-kB| and NF-kB p65 expressions

Abbreviations: NF-kB, nuclear factor kB; HOX, homeobox; LIF, leukemia inhibitory factor; IL, interleukin; TNF-o, tumor necrosis factor o; IGFBP-1, insulin-like
growth factor | binding protein; LIF-R, leukemia inhibitory factor receptor; mRNA, messenger RNA; ITGAYV, integrin subunit alpha V; ITGB3, integrin subunit beta 3.
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on the return of decreased endometrium integrin avB3 expres-
sion and improved fertility.” Nevertheless, the study could be
criticized because the GnRH analog treatment was used after
endometriosis surgery. Suppression of chronic inflammation
with GnRH analog has been noted to improve in vitro fertiliza-
tion (IVF) outcomes.®' Concordantly, Lessey reported that
administration of a GnRHa to women with stage I/II endome-
triosis having disturbed endometrial B3 integrin expression
resulted in normalization of expressions in about two-third of
the patients.®' Treatment of patients having superficial endo-
metriosis with GnRHa improves the IVF outcome and further
supports beneficial role of analogs.®* Moreover, Ruan et al
demonstrated that, in a murine model, failed endometrial 3
integrin and LIF expression were partially improved after
GnRHa treatment.®® Together, returning of failed integrin
expression after combined treatment with surgery and analogs
restrict to make a further comment regarding the impact of
surgery for superficial endometriosis on endometrial integrin
expression.

In the second study, Moberg et al measured the LIF, LIF
receptor (LIFR), and glycoprotein 130 (gp130) immunostain-
ing in the eutopic endometrial samples that were taken from 65
subfertile women with the revised American Society for Repro-
ductive Medicine stage I to II disease before and after laparo-
scopy.®” In all, 23 healthy women undergoing laparoscopic
tubal ligation were accepted as controls. During laparoscopy,
peritoneal endometriotic implants were cauterized or excised,
and adhesiolysis was performed. They reported reduced endo-
metrial LIF, LIFR, and gp130 protein expression before endo-
metriosis surgery. Following surgery, they did not find any
improvement in the failed expression of LIF, LIFR, and
gp130. The LIF is the first endometrial receptivity marker to
be conclusively accepted as critical for blastocyst implanta-
tion.®* Expression levels of endometrial LIF and its gp130
receptor are upregulated in response to human chorionic gona-
dotrophin treatment.**Nevertheless, Moberg et al study could be
criticized because only 24 (36.4%) of the 65 participants agreed
to have a second endometrial biopsy. More important handicap
of this study was the timing of second endometrial biopsy which
were obtained after postoperative goserelin treatment.

In the third study, to detect whether natural killer activity of
eutopic endometrium changes after the CO,-laser excision of
the endometriotic lesions, Oosterlynck et al performed cyto-
toxicity assays in 15 women having endometriosis.'> Endome-
trial samples were obtained before and 3 to 4 months after
CO,-laser excision of the superficial endometriotic lesions.
Authors reported that after complete removal of the endome-
triotic implants, decreased natural killer cell activity and
impaired cytotoxicity in both autologous and heterologous
endometrial lymphocytes remained unaltered.®®

Assessment of endometrial receptivity markers after endo-
metrioma resection has been discussed in 2 studies conducted
by our group. We demonstrated that surgical removal of uni- or
bilateral ovarian endometriomas improved the pathological
expression of some endometrial receptivity markers.>*In the
first clinical study, we investigated the possible relationship

between ovarian cystectomy and eutopic endometrial inflam-
mation in 15 infertile women with endometrioma and 10
women with nonendometriotic cyst undergoing laparoscopic
surgery.” In all, 10 healthy women without ovarian cyst were
included as controls. We measured the expression levels of NF-
kB1 (p50/p105) and NF-kB p65 (Rel A) in the eutopic endo-
metrium before and 3 months after laparoscopic removal of the
endometrioma during the mid-secretory phase. Expression lev-
els of endometrial NF-kB1 (p50/105) in women with endome-
trioma were found to be significantly higher compared to both
nonendometriotic benign ovarian cysts and fertile controls.
Laparoscopic endometrioma cystectomy resulted in a signifi-
cant decline in expression levels of NF-kB1. Likewise, immu-
noreactivity of NF-kB p65 (Rel A) in the eutopic endometrium
decreased significantly subsequent to the surgical removal of
the endometrioma.

Physiological amount of endometrial inflammation is nec-
essary for successful embryo implantation. Progesterone stimu-
lus is essential for the decidualization and the establishment of
endometrial receptivity.*® Progesterone influences the expres-
sion of HOXA-10 and HOXA-11 in the mid- and late secretory
endometrium.”®*” In contrast, by leading progesterone resis-
tance, pathological endometrial inflammation may impair
receptivity of eutopic endometrium.*** Therefore, the loss of
physiologic pattern of NF-kB expression could be responsible
for the progesterone resistance in the endometrioma. Thus,
laparoscopic removal of endometrioma, similar to salpingect-
omy in hydrosalpinx, may improve the endometrium by
decreasing the NF-kB levels during the implantation window.
The interval necessary for the resolution of the inflammation
after the treatment depends on the degree of inflammatory
reaction. Nevertheless, the 3-month interval resulted in a sig-
nificant decrease in the endometrial NF-kB levels after the
endometrioma removal.

As HOXA10 directly affects expression pattern of some
receptivity genes including avp3 integrin, pinopods, and estro-
gen receptors, in the second study, we investigated whether
surgical removal of endometrioma alters HOX genes, integrins,
and LIF messenger RNA (mRNA) expression in the endome-
trium of 20 infertile women with endometrioma, 5 women with
nonendometriotic benign ovarian cyst, and 5 fertile controls
without cyst.*” We evaluated expression levels of endometrial
HOXA-10, HOXA-11, LIF, ITGAV, and ITGB3 genes before
and after laparoscopic removal of the endometrioma during the
mid-secretory phase.* Endometrial sampling was performed at
the time of surgery. Second endometrial biopsies were obtained
3 months after laparoscopic endometrioma resection. Expres-
sion levels of all genes were lower before the surgery. How-
ever, their differences failed to show statistical significance
excluding ITGAV.

Surgical removal of endometriomas upregulated the expres-
sion levels of endometrial HOXA-10, HOXA-11, and ITGAV
mRNA. Compared to preoperative fold-change values, signif-
icantly increased HOXA-10 and HOXA-11 mRNA expression
were noted after surgery. We detected 12.1-fold increase in
endometrial HOXA-10 mRNA and 17.2-fold increase in
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endometrial HOXA-11 mRNA expression. This postoperative
increment in endometrial HOXA-10, and HOXA-11 mRNA
was statistically significant (P < .008 and P < .035, respec-
tively). Fold change in endometrial ITGAV mRNA after endo-
metrioma surgery was found to be 30.1. However, this fold
increase was insignificant. Both endometrial LIF and ITGB3
mRNA expression have not changed significantly after endo-
metrioma surgery.

However, we do not know whether this increase in endome-
trial HOXA-10 and HOXA-11 mRNA expressions after endo-
metrioma surgery is associated with removal of endometrioma
or a consequence of other factors associated with the disease.
Upregulation of HOXA-10 and HOXA-11 mRNA cannot be a
direct result of endometrioma resection but rather an outcome
of surgery-induced stress. To exclude this, in our study, all
endometrial samples were obtained 3 months after endome-
trioma surgery. Moreover, HOXA-10 and HOXA-11 mRNA
expression have not changed significantly after nonendome-
triotic cyst resection, suggesting surgical stress alone does not
affect the expression of endometrial HOX genes. Several
mechanisms may be responsible for increased HOX gene
expression after endometrioma surgery. Disturbed progester-
one receptor expression in endometriosis may lead to dimin-
ished progesterone response and decreased expression of
progesterone-responsive HOXA-10 and HOXA-11 genes.>>®
In this sense, endometrioma surgery might improve proges-
terone resistance and may lead to increased endometrial
HOXA-10 and HOXA-11 mRNA expression. Another
mechanism proposed is the epigenetic changes and hyper-
methylation of the HOXA-10 and HOXA-11 genes.’® Hyper-
methylation of the 5’ promoter region of HOXA-10 gene and
decreased expression were demonstrated in the eutopic endo-
metrium.*”>% In addition, chronic inflammation which is
main component of endometriosis, can lead to epigenetic
changes.”® A common concept that is emerging related to
eutopic endometrial receptivity is based on the pathological
endometrial inflammatory changes that occur in response to
endometriosis or endometrioma.*°' Taken together, we can
suggest that interruption of pathological inflammation in
endometrium by laparoscopic removal of endometrioma may
inhibit hypermethylation of HOXA-10 and HOXA-11 genes
and increases their expression.

As opposed to our results, studies associated with oocyte
donation demonstrated that endometriosis is not detrimental
to embryo implantation in oocyte recipients.'>* For this rea-
son, one may believe that presence of endometrioma does not
significantly impair the endometrial microenvironment then
someone can also say that there is no need for endometrioma
surgery. Nevertheless, conception of a patient after oocyte
donation does not mean that endometrium is certainly healthy.
It should be remembered that good quality oocytes come from
any healthy donors may come through endometriosis-
associated implantation defect. Moreover, pretreatment of reci-
pients having endometriosis with GnRH analogues might
improve the endometrial impairment. Study of Lessey and
Young supports our hypothesis.” They have demonstrated that

treatment of women having endometriosis with GnRH analo-
gues improves fertility.’

Endometrial Receptivity After Myomectomy

Depending on their localization, submucosal leiomyomas
(SMs) and intramural leiomyomas (IMs) have been implicated
in the infertility etiology.”**** It is well known that host myo-
metrium of the myomatous uterus differs from normal myome-
trium.”” In agreement, several hypotheses including inhibition
of sperm and blastocyst transport, dysfunctional uterine con-
tractility, increased estrogen receptor concentration within the
myometrium, and defective implantation have been suggested
to explain how leiomyomas cause infertility, but none is defi-
nitive.”*”® All of these may lead to disturbed subendometrial
contractions. Nevertheless, a comprehensive review by Donnez
and Jadoul highlighted the lack of scientific evidence necessary
to establish a causal relationship between leiomyomas and
infertility or to evaluate the potentially beneficial effects of
myomectomy on reproductive outcome.’” In contrast, signifi-
cantly lower implantation and pregnancy rates have been
reported in women with submucosal leiomyomas.'” Concor-
dantly, myomectomy of submucosal leiomyoma increases
pregnancy rate of these patients.'’’'%? Likewise, reduced
implantation and pregnancy rates have been noted in women
with intramural fibroids, even in the normal endometrial cavity,
and surgical removal of intramural fibroids improves endo-
metrial receptivity.®>'°*'%® Unlikely, subserosal leiomyomas
do not affect pregnancy rates.'®

To date, it remains to be clarified whether surgical treatment
of uterine fibroids improves endometrial receptivity. Most of
the researchers have shown a better reproductive outcome after
myomectomy, and the difference is evident when the leio-
myoma was the only identifiable cause of infertility.'®*!%3
However, increased pregnancy rates following myomectomy
are based on only clinical observations. We, therefore, have
little information on how myomectomy improves fertility, and
little is known which molecular events occur inside the endo-
metrium following myomectomy.

Assessment of endometrial receptivity markers following
leiomyoma removal has been performed in only 1 study which
was conducted by our group. We designed a clinical study to
investigate whether endometrial receptivity genes are altered in
infertile patients with intramural leiomyomas not distorting the
endometrial cavity undergoing myomectomy. We have mea-
sured the expression levels of endometrial HOXA-10, HOXA-
11, LIF, ITGB3, and ITGAV mRNA before and after
myomectomy during mid-luteal phase in participants with
intramural leiomyomas (n = 7), submucosal leiomyomas
(n: = 7), and fertile participants without fibroids (n = :7). First
endometrial sampling was obtained at the time of surgery and
second sampling was obtained 3 months after myomectomy. A
trend toward decreased endometrial HOXA-10, HOXA-11, and
ITGAV mRNA expression was detected in both SM and IM
groups before myomectomy when compared to the fertile
group. However, the differences failed to show statistical
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significance. Likewise, there were no statistically significant
differences between the SM and the IM groups in terms of
endometrial HOXA-10 and HOXA-11 mRNA expression lev-
els before surgery. Following myomectomy of IM, we have
detected 12.8-fold increase in endometrial HOXA-10 mRNA
expression and 9.0-fold increase in endometrial HOXA-11
mRNA expression. This increase in both endometrial HOXA-
10 and HOXA-11 mRNA expression were found to be signif-
icant. After myomectomy of IM, we have detected 26.0-fold
increase in endometrial LIF mRNA, 15.9-fold increase in endo-
metrial ITGB3 mRNA, and 2.81-fold increase in endometrial
ITGAV mRNA expressions. However, these fold-change val-
ues of LIF, ITGB3, and ITGAV mRNA were insignificant.

Surgical removal of SM leads to insignificant upregulation
in endometrial HOXA-10 and 11 mRNA expressions. Insignif-
icant downregulation was also detected in the LIF and ITGAV
mRNA expression after submucosal myomectomy. We have
also noted insignificant upregulation in ITGB3 mRNA expres-
sion after submucosal myomectomy.

Significant upregulation of endometrial receptivity markers
after intramural myomectomy lead us to believe that intramural
leiomyomas which do not distort the endometrial cavity may
disturb the endometrial receptivity. Reduced implantation and
pregnancy rates in women with intramural leiomyomas may be
secondary to impaired endometrial BMP-2 expression. Sinclair
et al have reported that leiomyoma-derived TGF-B3 induces
BMP-2 resistance in endometrium and leads to disturbance on
endometrial decidualization.>” They also showed that treatment
of leiomyoma-associated endometrial stromal cells with
recombinant human BMP-2 caused the decline in both
HOXA-10 and LIF genes expression. Interestingly, inhibition
of TGF-P signaling using TGF-B antibody restored BMP-2
stimulated expression of HOXA10 and LIF genes.>® These
results support the presence of BMP-2 resistance in
leiomyoma-associated endometrial stromal cells.*®'°® Above-
mentioned studies and our results when taken together show
interruption of TGF-P signaling may be a potential approach to
improve reduced implantation rates associated with leiomyo-
mas. Accordingly, leiomyoma-derived TGF-3 signals can be
prevented by either medical treatment or surgical intervention.
For now, we do not have any drug that will stop these signals.
The only alternative we have is to remove leiomyomas by
surgery. Because TGF-B3 is secreted in large amounts by uter-
ine fibroids, surgical removal of intramural leiomyomas inhi-
bits secretion of TGF-B3 and prevents BMP-2 resistance and
increases the expression of HOXA-10 and HOXA-11 mRNA.*
As a consequence, we can strongly suggest that myomectomy
of intramural leiomyomas may increase endometrial receptivity
by restoring endometrial BMP-2 resistance. Together, we may
conclude that there is a direct link between the intramural leiomyo-
mas and the infertility, and we can vigorously hope to improve
fertility by surgically removing of the intramural leiomyomas.

Insignificant upregulation of endometrial receptivity genes
after submucosal myomectomy can be attributed to the intra-
mural remnants of the submucosal leiomyomas. In our clinical
practice, intramural portion of some submucosal leiomyoma

could not be fully removed during hysteroscopic myomectomy.
Data supporting our “intramural remnants” hypothesis comes
from 2 different studies. Horcajadas et al have showed that
endometrial GPx3 gene expresses abnormally in the presence
of small intramural leiomyomas, suggesting that endometrial
receptivity may be disturbed in the presence of the small intra-
mural lesions.!?® Consistent with this, Khalaf et al have
reported that the presence of small leiomyomas are associated
with reduced ongoing pregnancy rates in IVF-ET.'"” Hence,
the remaining parts of the submucosal leiomyomas after myo-
mectomy might continue to send the diffusible signaling mole-
cules that cause the persistence of endometrial receptivity
defect. However, before concluding, submucosal myomectomy
does not improve the endometrial molecular defects involved
in implantation, a comparison of receptivity markers should be
made between patients with submucosal fibroids which were
surgically removed as complete and incomplete. Different ori-
gin of submucosal fibroids may also explain the unimproved
endometrial receptivity after submucosal myomectomy. Con-
cordantly, submucous leiomyomas arise from junctional zone
myocytes and are distinct from intramural and subserosal
leiomyomas.'?’

Endometrial Receptivity After Uterine Septum Resection

Uterine septum is the most common type of congenital uterine
malformation, approximately with 80% to 90% of all uterine
malformations. It has been reported that presence of septate
uterus may cause infertility.'%*'% Studies reported that defec-
tive blood supply to the uterine septum makes septum unsui-
table for a successful implantation and might lead to
spontaneous miscarriage.''!!! Hysteroscopic septum resec-
tion is a simple and safe approach for the removal of the uterine
septum.'%%1% Metroplasty improves fertility outcomes after a
diagnosis of uterine septum in women having a history of
miscarriages and infertility.'%%!1%12113 Iy 3 recent study,
Tomazevic et al.have reported that the pregnancy rates before
metroplasty are lower than after metroplasty in women under-
going in vitro fertilization.''*

Although studies have confirmed the validity of metroplasty
to improve reproductive functions they did not evaluate the
preoperative and postoperative endometrial receptivity change
and concluded improved pregnancy rate after surgery based on
only clinical observations.'?!1%!15:116 Unfortunately, there is
no comprehensive endometrial study investigating the effects
of metroplasty on expression patterns of endometrial receptiv-
ity markers. The possible impacts of uterine septum resection
on endometrium receptivity were analyzed only in 1 publica-
tion from our group. In this study, we have measured expres-
sion levels of endometrial HOXA-10 HOXA-11, LIF, ITGB3,
and ITGAV mRNA before and after metroplasty during
mid-luteal phase in 7 participants with septate uterus.” The
diagnosis of septate uterus was made by American Society for
Reproductive Medicine classification criteria.'!” We have
shown that endometrial receptivity markers upregulated in
women with uterine septum before the surgery. However, this



184

Reproductive Sciences 24(2)

upregulation does not reach statistical significance. Likewise,
expression levels of receptivity markers were found to be
unchanged after septum resection, suggesting preserved endo-
metrial receptivity in patients having uterine septum. Our study
could be criticized because of the small sample size and lack of
power to address our hypothesis, but overall we did not see any
significant change in receptivity status of endometrium after
metroplasty. In light of this information, one might think that
the reason for the increase in pregnancy rates after uterine
septum resection may be due to mechanical factors rather than
endometrial receptivity defect.’

Endometrial Receptivity After Hydrosalpinges Surgery

Despite progress in ART, studies have reported that women
with hydrosalpinges have difficulty in conceiving.''®''? It has
been reported that leakage of hydrosalpinx fluid into the endo-
metrial cavity exerts detrimental effect on both embryo growth
and sperm survival.***! Treatment of uni- or bilateral hydro-
salpinges by surgical interventions such as extirpation, drai-
nage, or proximal tubal ligation could increase implantation
rates and lead to decline in early embryo loss. > &1

The impact of hydrosalpinges surgery on endometrium
receptivity were individually analyzed in 5 publications. In a
first study conducted by Meyer et al,® patients with unilateral or
bilateral hydrosalpinges underwent an endometrial biopsy
before and after hydrosalpinges surgery. Endometrial samples
of 103 cases having hydrosalpinges were compared to 55 infer-
tile and 44 fertile controls. Fluid-filled hydrosalpinges lead to
the failed expression of integrin avf3 in the endometrium of 63
patients before surgery.® However, expressions of endome-
trium o131 and a4B1 were found to be normal before surgery.
Different surgical approaches such as extirpation, distal neo-
salpingostomy, transvaginal needle drainage, and proximal
tubal ligation of the hydrosalpinges were performed. In all,
20 of 63 participants with hydrosalpinges having impaired
expression of the avB3 underwent second endometrial biopsy
3 months after the surgery. In all, 15 of 20 endometrial samples
demonstrated an increase in overall avB3 expression after sur-
gery. Neosalpingostomy, ligation, and aspiration of fluid were
less successful in restoring endometrial receptivity than in the
salpingectomy. Authors also noted that salpingectomy led to a
reduction in both gland/stromal dyssynchrony and out-of-phase
endometrium.®

Similar results were noted in 10 women undergoing surgery
for communicating hydrosalpinges by Bildirici et al.*” They
reported an improvement in the expression levels of endome-
trial integrin avB3 following salpingectomy.Likewise, Seli
et al examined the expression levels of LIF in the endometrium
of infertile women with both uni- or bilateral hydrosalpinges
prior to and following salpingectomy.'” Endometrial expres-
sion levels of LIF in women having hydrosalpinx increased
after salpingectomy. Surgery for hydrosalpinx led to increase
in total H-score for LIF expression in 8 of 10 cases with hydro-
salpinx.'” Moreover, LIF levels of the postsalpingectomy sam-
ples reached the levels of age-matched fertile controls (n =

10).A study conducted by Daftary et al evaluated HOXA-10
expression levels in the endometrium of 9 infertile women with
unilateral or bilateral hydrosalpinx and in 6 fertile controls.'®
Expression levels of HOXA-10 gene were measured during the
midsecratory phase in endometrium of patients with hydrosal-
pinges before and after salpingectomy. They demonstrated that
expression levels of endometrial HOXA-10 was downregulated
in patients with hydrosalpinx before surgery. Salpingectomy
culminated in 15-fold increase in endometrial HOXA-10
expression. Immunohistochemical analysis of endometrial
samplings is in agreement with the real-time reverse transcrip-
tion polymerase chain reaction findings. They also noted that
endometrial HOXA-10 expression was upregulated to normal
levels 4 months after salpingectomy. Fifth study by Zhong et al
investigated the impact of different hydrosalpinges surgeries on
the expression levels of endometrium of LIF and L-selectin
ligand. In all, 60 patients with hydrosalpinx and 30 patients
with tubal obstruction were collected. Immunohistochemical
analysis of endometrium was performed before and after
hydrosalpinges surgery.’® They found markedly reduced LIF
and L-selectin ligand expression in the endometrium of patients
with hydrosalpinges before surgery. After surgery, LIF and
L-selectin ligand of women having hydrosalpinx was compara-
ble to that of patients with tubal obstruction. Isolatedly, surgi-
cal treatment of women having fallopian tube with phimosis
has been reported to improve fertility rates.”'

Taken together, we suggest that HOXA10, LIF, L-selectin,
and avp3 integrin expression in response to hydrosalpinx fluid
as a potential molecular mechanism for diminished implanta-
tion rates in women with uni- or bilateral hydrosalpinx. Pri-
marily salpingectomy after other surgical interventions restore
endometrial HOXA10, LIF, r-selectin, and avp3 integrin
expressions. This may be 1 mechanism by which salpingect-
omy results in augmented implantation rates in IVF. Improve-
ment in reproductive outcomes of women with inflammatory
hydrosalpinges following different surgical approaches may be
due in part to an increase in endometrial expression of these
receptivity markers.

Endometrial Receptivity After Endometrial Polypectomy

Endometrial polyp (EP) is the localized hyperplastic over-
growths of endometrial glands and stroma.'*® Up to 25% of
women with otherwise unexplained infertility exhibit endome-
trial polypduring hysteroscopic evaluation.'?°"'** Endometrial
polyps not only lead to mechanical interference with sperm and
embryo but also may alter endometrial receptivity and implan-
tation. Relevantly, endometrial Polypshave decreased expres-
sion of progesterone receptors that might culminate in
progesterone resistance. This can lead to abnormalities in the
secretion of progesterone-regulated receptivity markers.'??
However, their effect on endometrial receptivity and the
impact of polypectomy on fertility outcome is unclear. Many
authors believe that hysteroscopic polypectomy may improve
fertility in these women. Recent prospective randomized study
reported a significant improvement in pregnancy rates after
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hysteroscopic polypectomy.124Likewise, 3 nonrandomized
studies also noted an association between polypectomy and
increased spontaneous pregnancy rates.'?>'?” Studies inves-
tigating the polyp size or number demonstrated that hystero-
scopic polypectomy improved reproductive outcome in
previously infertile women, regardless of the number or size
of endometrial polyps.'?*'?® In contrast, polyps smaller than
2 cm in size did not cause any impairment of pregnancy rates
in women undergoing IVF.'?*'3% Nevertheless, Lass et al
noted increased miscarriage rate in women with endometrial
polyp smaller than 2 mm and recommended embryo
cryopreservation.'°

Great majority of endometrial polypectomy studies did not
evaluate endometrium receptivity after surgery. The impact of
hysteroscopic polypectomy on endometrium receptivity was
individually analyzed in 3 publications. Elbehery et al mea-
sured the levels of IGFBP-1 and glycodelin in endometrial
flushings obtained from 100 infertile women with endometrial
polyp and 150 women having a history of menorrhagia resis-
tance to medical approaches'® Endometrial flushing samples
were collected before and after hysteroscopic polypectomy.
The expression levels of endometrial IGFBP-1 and glycodelin
were found to be significantly lower before polypectomy. Hys-
teroscopic polypectomy reversed the IGFBP-1 and glycodelin
levels in postpolypectomy endometrial samples.'® Ben-Nagi
et al*? performed similar study in uterine flushing samples
obtained from 20 women with endometrial polyps and had a
similar conclusion. They found decreased mid-secretory
IGFBP-1, TNF-qa, and osteopontin levels in uterine flushing
samples. Following hysteroscopic polypectomy, defective
expression of IGFBP-1, TNFo, and osteopontin levels
improved.** Nevertheless, they did not find any differences
in the concentrations of glycodelin, IL-6, and IL-10 in paired
samples prior to and postpolypectomy. In a recent study, Boz-
kurt et al evaluated the expression levels of endometrial
NF-kB1 and NF-xB p65 in 15 women with endometrial polyp,
5 women with unexplained infertility, and 5 fertile controls.
Expression of NF-kB1 and NF-xB p65 was measured before
and after hysteroscopic polypectomy during the mid-secretory
phase.*® They reported that NF-kB1 and NF-kB p65 expression
levels in prepolypectomy samples were significantly higher
compared to both unexplained infertile and fertile controls.
Hysteroscopic polypectomy leads to significant decline in
endometrial NF-kB1 and NF-kB p65 expression.*® Together,
EPs not only lead to defective expression of some receptivity
markers but also give rise to pathological endometrial inflam-
mation. Hysteroscopic polypectomy restores the defective
endometrium in regard to receptivity markers and normalizes
endometrial inflammation. Additionally, endometrial injury
occurring secondary to polypectomy may also participate in
the development of a receptive endometrium.

Endometrial Receptivity After Adenomyosis Surgery

So far, the impact of adenomyosis surgery on endometrium
receptivity remains elusive. Conflicting results were obtained

regarding endometrium receptivity in cases with adenomyosis.
Some studies demonstrated that both HOXA10 and LIF gene
expression are significantly decreased in women with adeno-
myosis.'*"!3? In contrast, overexpression of IL-6 and
cytochrome P450 have been reported in patients with adeno-
myosis suggesting dysfunctional endometrium."**'** More-
over, both dysregulated estrogen receptor  expression and
the lack of PR expression might contribute to the defective
endometrium seen in patients with adenomyosis.’® Unfortu-
nately, there is no study investigating possible impact of ade-
nomyosis surgery on endometrium receptivity in human or
animal model of adenomyosis. Hence, little is known on altera-
tions in receptivity markers in women with adenomyosis
undergoing surgery, and knowledge is based on clinical obser-
vations seen in cases with endometriosis."*

Endometrial Receptivity After Endometrial Injury

Studies demonstrated that local injury to endometrium such as
biopsy, scratches, and hysterscopy increase implantation and
pregnancy rates in subsequent IVF cycles.'*'*® There are sev-
eral possible mechanisms by which endometrial manipulation
may increase endometrium receptivity. Local injury of endo-
metrium may trigger decidualization, wound healing, cytokines
and growth factors secretion, and accumulation of stem cells
within the injured endometrial areas.'**'** Mechanical manip-
ulation of endometrial cavity which is associated with
improved decidualization is not a new phenomenon. For exam-
ple, scratching the endometrium, oil injection into the endome-
trial cavity, suturing the uterine horn of some animals, and scar
tissue secondary to cesarean section induced a rapid growth of
decidualization.'*!"'** Concordantly, by inducing inflamma-
tory events, endometrial injury regulates the local expression
of receptivity genes and cytokines, suggesting improved decid-
ualization and embryo implantation.'** Likewise, accumula-
tion of macrophages, dendritic cells, and immune cells within
the injured endometrium further supports the implantation
rates.'*® Recent meta-analysis reported that in cases with
implantation failure, there is enhanced pregnancy outcome
with local endometrial injury performed in the cycle preceding
controlled ovarian stimulation.'#” Nevertheless, before recom-
mending the routine use of local endometrial injury in the
women with implantation failure, we have to find answers for
some questions such as timing of local injury, use of hystero-
scopy or endometrial scratching, and preference of single or
multiple endometrial injury.'*’

Endometrial Receptivity After Nonendometriotic Benign
Ovarian Cystectomy

The effects of nonendometriotic benign ovarian cysts on endo-
metrium receptivity were individually analyzed as a control
group in 2 publications from our group.®* We did not find any
alteration in the expression levels of endometrial HOXA-10,
HOXA-11, ITGB3, ITGAV, and LIF mRNA after surgical
removal of nonendometriotic benign ovarian tumors including,
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serous, dermoid, and mucinous cysts.4 Likewise, there was no
statistically significant difference in the endometrial NF-kB
p65 (Rel A) expression after the benign ovarian cystectomy.’

Impact of BGDs Surgery on Ovarian Reserve

Several studies revealed that cystectomy for ovarian endome-
triomas lead to a decrease in ovarian reserve, especially in
cases of bilateral endometriomas. Disturbance of the blood
supply after surgery has been considered one of the reasons
to affect ovarian reserve in endometrioma cystectomy. Uni-
or bilateral laparoscopic endometrioma cystectomy lead to a
significant decline in serum levels of AMH than cystectomy for
other benign nonendometriotic ovarian tumors."**'*° Like-
wise, laparoscopic cystectomy for bilateral endometriomas
have been reported to cause a greater decline in serum AMH
levels than unilateral cystectomy.'*%!'4°

Similar to endometrioma resection, laparoscopic cystect-
omy for nonendometriotic benign ovarian tumors lead to a
significant decline in AMH levels after surgery.'*’ Neverthe-
less, decline in serum AMH levels after benign ovarian cystect-
omy has been reported to be lower than those observed after
endometrioma cystectomy.'*® Conversely, the rate of AMH
decline at 3 months after laparoscopic cystectomy has not been
found to differ between the endometrioma and the other benign
ovarian cysts.'>°

Similar to endometrioma surgery, hydrosalpinx surgery may
result in decreased blood supply to both ovaries. Nevertheless,
the ovarian response after prophylactic salpingectomy was not
impaired.'®! Ni et al reported that serum AMH levels of
patients who underwent bilateral salpingectomy, unilateral sal-
pingectomy, bilateral interruption in the proximal oviducts, and
bilateral oviduct obstruction were similar.'>* Consistent with
above-mentioned study, Findley et al reported that mean AMH
levels were not significantly different at 4 to 6 weeks post-
operatively or 3 months postoperatively among women with
salpingectomy versus no salpingectomy.'> In contrast, Gryn-
nerup et al showed that AMH levels were significantly lower in
the salpingectomy group than in the nonsalpingectomy
group.””

Discussion

For better understanding of the underlying molecular mechan-
isms of BGDs-associated subfertility, we must turn our atten-
tion to the endometrium.* So far, it remains unexplained why
some women with BGDs are infertile, whereas others are not.
Understanding the interactions between BGDS and endome-
trium may shed light on this subject. We can suggest that not
all women with endometriosis, endometrioma, leiomyomas,
and hydrosalpinges exhibit abnormal endometrium. Some
women with BGDs might have endometrial receptivity defects
that alter embryo implantation, whereas others have normal
endometrium. If endometrial receptivity defects are a conse-
quence of the disease located in the peritoneum, myometrium,
or ovary as demonstrated by human and baboon studies,

surgical excision of BGDs might have beneficial impact on
eutopic endometrium.>*%!147

Both hydrosalpinges and endometriosis have been associ-
ated with decreased IVF success, and surgical correction of
both is associated with an improvement in subsequent preg-
nancy outcomes.”®!3!:135:136 A reduction in normal expression
levels of secretory phase endometrial HOXA, LIF, avp3 integ-
rin, and L-selectin, and an increase in inflammatory molecules
including NF-kB predict poor reproductive outcomes and may
reflect an inflammatory basis for BGDs. Concordantly, inflam-
matory cytokines present in the peritoneal fluid of patients with
endometriosis/endometrioma and tubal fluid of patients with
hydrosalpinges may alter normal endometrial function and
account for the aberrant expression of some receptivity mole-
cules in otherwise “in phase” endometrium. Some intermedi-
ate molecules produced by leiomyomas, endometriomas, or
superficial endometriosis may reach to the endometrium via
local diffusion or systemic circulation and disturb the endome-
trial receptivity. Increased levels of both peritoneal fluid and
serum CA-125 in women with endometriosis and increased
secretion of TGF-B3 from leiomyomas might support this
hypothesis. In good agreement, it has been reported that
TGF-B3 induces BMP-2 resistance in endometrium and leads
to abnormal decidualization and receptivity defect.>’” Myo-
mectomy may inhibit leiomyoma-derived TGF-f secretion and
resume BMP-2 stimulated expression of HOXA-10 and LIF.*®

Incomplete removal of any benign lesion located near or
remote from endometrium may explain why some women have
failed to observe improvement in pregnancy rates after surgical
treatment of BGDs. Accordingly, the remaining parts of the
BGDs after surgery may continue to secrete and send the harm-
ful cytokines and diffusible signaling molecules which cause
the persistence of endometrial receptivity defect. Clinical and
laboratory findings support our idea. Accordingly, treatment
failure seen in cases with hydrosalpinges were mostly related
to reaccumulation of the hydrosalpinx fluid which occurs sec-
ondary to incomplete surgery. Similarly, persistence of high
serum CA-125 levels following incomplete surgical excision
or ablation of superficial or ovarian endometriosis further sup-
ports our opinion.

Although it is not mentioned in most polypectomy studies,
we see the benefits (possible causes) of endometrial alteration
following polypectomy. Polypectomy studies obviously
demonstrated that hysteroscopic resection of endometrial
polyps improved the expression of implantation markers. How-
ever, it is not clear whether the hysteroscope itself produces
endometrial injury or whether the distending medium would
have an impact on expression of receptivity markers. This
needs to be clarified with comprehensive studies.

Collection of all studies which evaluate the impacts of sur-
gical intervention for different infertile women having BGDs
on endometrium receptivity strengthens this review. Weak-
nesses include the nonuniform surgical treatment protocols of
women after the first endometrial biopsy was performed. The
types of surgical intervention and measured receptivity mar-
kers did differ between the groups; therefore, we believe that
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this did alter the outcomes or the conclusions of the study.
Although contains some limitations, this review involved the
systematic collection of articles to assess endometrium recep-
tivity in relation to surgical treatment of BGDs. As we
reviewed manuscripts for this article, the following results were
demonstrated: (1) the influence of ablation or resection of
superficial endometriosis on endometrium receptivity remains
controversial; (2) cystectomy for endometriomas increased the
expression levels of endometrial avf3 integrin, HOXA-10, and
HOXA-11 mRNA; (3) myomectomy for intramural leiomyo-
mas not distorting endometrial cavity tends to increase the
expression levels of endometrium HOXA-10 mRNA more sig-
nificantly than that for myomectomy for submucosal leiomyo-
mas, (4) different form of hydrosalpinx surgery increased the
expression levels of endometrial avB3 integrin, LIF, L-selectin,
and HOXA-10; (5) by leading decreased pathological endome-
trial inflammation and increased receptivity markers hystero-
scopic polypectomy could be the responsible factor that
improved endometrium receptivity; and (6) there are insuffi-
cient evidence to draw a conclusion about the impact of ade-
nomyosis removal, uterine septum resection, and benign
ovarian cystectomy of nonendometriotic cysts on endometrium
receptivity.

Conclusion

Although positive impacts of surgery on fertility outcome have
been described, individual function and role of BGDs surgery
on the network of endometrial receptivity are still not fully
understood. Disturbed expression of some well-known endo-
metrial receptivity markers in patients with BGDs are sugges-
tive of impaired endometrial receptivity in these women.
Surgical treatment of BGDs not only overcomes anatomical
distortion caused by the disease but also has a perceptible
impact on the alteration in receptivity gene expressions, cyto-
kine concentrations, or other local inflammatory molecules that
may inhibit conception. These findings provide molecular data
to support some clinical findings that pregnancy rates improve
after surgical resection of BGDs. Finally, prophylactic salpin-
gectomy, intramural myomectomy, local endometrial injury,
and hysteroscopic polypectomy improve endometrium recep-
tivity. Unfortunately, there are currently insufficient data eval-
uating the impact of surgical resection of adenomyosis, uterine
septum, and nonendometriotic benign ovarian cysts on endo-
metrium receptivity.

Because of the difference in the methods used for analyzing
endometrium, the receptivity markers, and the timing in rela-
tion to endometrial sampling, there was considerable hetero-
geneity in the included studies. The reliability of these
conclusions, therefore, can be questioned as these studies were
subjected to a wide range of substantial biases, including het-
erogeneity in the receptivity markers and demographics of the
populations that were compared and the inability to control
other confounding variables such as the adenomyosis, leio-
myoma, endometrioma, hydrosalpinges, or endometrial polyp
size, number and location. Despite limitations, this study has

the potential to guide clinical practice for this challenging prob-
lem and direct future basic science and translational research.
Clearly, well-designed prospective case-control studies are
necessary to draw any conclusions about the relative impact
of surgery on endometrium receptivity.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Donaghay M, Lessey BA. Uterine receptivity: alterations asso-
ciated with benign gynecological disease. Semin Reprod Med.
2007;25(6):461-475.

2. Taylor HS, Igarashi P, Olive DL, Arici A. Sex steroids mediate
HOXAT11 expression in the human peri-implantation endome-
trium. J Clin Endocrinol Metab. 1999;84(3):1129-1135.

3. Celik O, Celik E, Turkcuoglu I, et al. Surgical removal of
endometrioma decreases the NF-kB1 (p50/105) and NF-kB
p65 (Rel A) expression in the eutopic endometrium during the
implantation window. Reprod Sci. 2013;20(7):762-770.

4. Celik O, Unlu C, Otlu B, Celik N, Caliskan E. Laparoscopic
endometrioma resection increases peri-implantation endometrial
HOXA-10 and HOXA-11 mRNA expression. Fertil Steril. 2015;
104(2):356-365.

5. Giudice LC, Telles TL, Lobo S, Kao L. The molecular basis for
implantation failure in endometriosis: on the road to discovery.
Ann N Y Acad Sci. 2002;955:252-264.

6. Gashaw I, Hastings JM, Jackson KS, Winterhager E, Fazleabas
AT. Induced endometriosis in the baboon (Papio anubis)
increases the expression of the proangiogenic factor CYR61
(CCN1) in eutopic and ectopic endometria. Biol Reprod. 2006;
74(6):1060-1066.

7. Unlu C, Celik O, Celik N, Otlu B. Expression of Endometrial
Receptivity Genes Increase After Myomectomy of Intramural
Leiomyomas not Distorting the Endometrial Cavity. Reprod Sci.
2016;23(1):31-41.

8. Meyer WR, Castelbaum AJ, Somkuti S, et al. Hydrosalpinges
adversely affect markers of endometrial receptivity. Hum
Reprod. 1997;12(7):1393-1398.

9. Lessey BA, Young SL. Integrins and other cell adhesion mole-
cules in endometrium and endometriosis. Semin Reprod Endo-
crinol. 1997;15(3):291-299.

10. Elbehery MM, Nouh AA, Mohamed ML, Alanwar AA, Abd-
Allah SH, Shalaby SM. Insulin-like growth factor binding
protein-1 and glycodelin levels in uterine flushing before and
after hysteroscopic polypectomy. Clin Lab. 2011;57(11-12):
953-957.

11. Centini G, Afors K, Murtada R, et al. Impact of Laparoscopic
Surgical Management of Deep Endometriosis on Pregnancy
Rate. J Minim Invasive Gynecol. 2016;23(1):113-119.



188

Reproductive Sciences 24(2)

12.

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Gupta S, Goldberg JM, Aziz N, Goldberg E, Krajcir N, Agarwal
A. Pathogenic mechanisms in endometriosis-associated inferti-
lity. Fertil Steril. 2008;90(2):247-257.

Diaz1, Navarro J, Blasco L, Simon C, Pellicer A, Remohi J. Impact
of stage III-IV endometriosis on recipients of sibling oocytes:
matched case-control study. Fertil Steril. 2000;74(1):31-34.
Lessey BA, Castelbaum AJ, Sawin SW, et al. Aberrant integrin
expression in the endometrium of women with endometriosis.
J Clin Endocrinol Metab. 1994;79(2):643-649.

Taylor HS, Bagot C, Kardana A, Olive D, Arici A. HOX gene
expression is altered in the endometrium of women with endo-
metriosis. Hum Reprod. 1999;14(5):1328-1331.

. Daftary GS, Kayisli U, Seli E, et al. Salpingectomy

increases peri-implantation endometrial HOXA10 expres-
sion in women with hydrosalpinx. Fertil Steril. 2007;
87(2):367-372.

Seli E, Kayisli UA, Cakmak H, et al. Removal of hydrosalpinges
increases endometrial leukaemia inhibitory factor (LIF) expres-
sion at the time of the implantation window. Hum Reprod. 2005;
20(11):3012-3017.

Sharma SP, Misra SD, Mittal VP. Endometrial changes—a criter-
ion for the diagnosis of submucous uterine leiomyoma. Indian J
Pathol Microbiol. 1979;22(1):33-36.

. Young SL, Al-Hendy A, Copland JA. Potential non hormonal

therapeutics for medical treatment of leiomyomas. Semin
Reprod Med. 2004;22(2):121-130.

Yoshinaga K. Uterine receptivity for blastocyst implantation.
Ann N Y Acad Sci. 1988;541:424-431.

Daftary GS, Taylor HS. Endocrine regulation of HOX genes.
Endocr Rev. 2006;27(4):331-355.

Lessey BA, Castelbaum AJ, Sawin SW, Sun J. Integrins as mar-
kers of uterine receptivity in women with primary unexplained
infertility. Fertil Steril. 1995;63(3):535-542.

Illera MJ, Juan L, Stewart CL, et al. Effect of peritoneal fluid
from women with endometriosis on implantation in the mouse
model. Fertil Steril. 2000;74(1):41-48.

Arici A, Engin O, Attar E, Olive DL. Modulation of leukemia
inhibitory factor gene expression and protein biosynthesis in
human endometrium. J Clin Endocrinol Metab. 1995;80(6):
1908-1915.

Wu Y, Strawn E, Basir Z, Halverson G, Guo SW. Promoter
hypermethylation of progesterone receptor isoform B (PR-B)
in endometriosis. Epigenetics. 2006;1(2):106-111.

Lessey BA, Killam AP, Metzger DA, et al. Inmunohistochem-
ical analysis of human uterine estrogen and progesterone recep-
tors throughout the menstrual cycle. J Clin Endocrinol Metab.
1988;67(2):334-340.

Matsuzaki S, Canis M, Darcha C, Pouly JL, Mage G. HOXA-10
expression in the mid secretory endometrium of infertile patients
with either endometriosis, uterine fibromas or unexplained infer-
tility. Hum Reprod. 2009;24(12):3180-3187.

Dmowski WP, Ding J, Shen J, et al. Apoptosis in endometrial
glandular and stromal cells in women with and without endome-
triosis. Hum Reprod. 2001;16(9):1802-1088.

Harada T, Taniguchi F, Izawa M, et al. Apoptosis and endome-
triosis. Front Biosci. 2007;12:3140-151.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46

Park JS, Lee JH, Kim M, et al. Endometrium from women with
endometriosis shows increased proliferation activity. Fertil
Steril. 2009;92(4):1246-1249.
Zheng QM, Mao HI, Zhao J, Wei X, Liu PS. Risk of endometrial
polyps in women with endometriosis: a meta-analysis. Reprod
Biol Endocrinol. 2015;13:103.
Oosterlynck DJ, Cornillie FJ, Waer M, Vandeputte M, Koninckx
PR. Women with endometriosis show a defect in natural killer
activity resulting in a decreased cytotoxicity to autologous endo-
metrium. Fertil Steril. 1991;56(1):45-51.
Kunz G, Beil D, Huppert P, Noe M, Kissler S, Leyendecker G.
Adenomyosis in endometriosis prevalence and impact on ferti-
lity. Evidence from magnetic resonance imaging. Hum Reprod.
2005;20(8):2309-2316.
Bazot M, Darai E, Hourani R, et al. Deep pelvic endometriosis:
MR imaging for diagnosis and prediction of extension of dis-
ease. Radiology. 2004;232(2):379-389.
Benagiano G, Brosens 1. The endometrium in adenomyosis.
Women'’s Health. 2012;8(3):301-312.
Yen CF, Basar M, Kizilay G, Lee CL, Kayisli UA, Arici A.
Implantation markers are decreased in endometrium of women
with adenomyosis during the implantation windows. Fertil
Steril. 2006;86(suppl 1):P550.
Sinclair DC, Mastroyannis A, Taylor HS. Leiomyoma simulta-
neously impair endometrial BMP-2-mediated decidualization
and anticoagulant expression through secretion of TGF-$3. J
Clin Endocrinol Metab. 2011;96(2):412-421.
Doherty LF, Taylor HS. Leiomyoma-derived transforming
growth factor-f impairs bone morphogenetic protein-2-
mediated endometrial receptivity. Fertil Steril. 2015;103(3):
845-852.
Sozen I, Arici A. Interactions of cytokines, growth factors, and
the extracellular matrix in the cellular biology of uterine leio-
myomata. Fertil Steril. 2002;78(1):1-12.
Ng EHY, Ajonuma LC, Lau EYL, Yeung WSB, Ho PC. Adverse
effects of hydrosalpinx fluid on sperm motility and survival.
Hum Reprod. 2000;15(4):772-7717.
Mukherjee T, Copperman AB, McCaffrey C, et al. Hydrosalpinx
fluid has embryotoxic effects on murine embryogenesis: a case
for prophylactic salpingectomy. Fertil Steril. 1996;66(5):
851-853.
Ben-Nagi J, Miell J, Yazbek J, Holland T, Jurkovic D. The effect
of hysteroscopic polypectomy on the concentrations of endome-
trial implantation factors in uterine flushings. Reprod Biomed
Online. 2009;19(5):737-744.
Bozkurt M, Sahin L, Ulag M. Hysteroscopic polypectomy
decreases NF-kB1 expression in the mid-secretory endometrium
of women with endometrial polyp. Eur J Obstet Gynecol Reprod
Biol. 2015;189:96-100.
Metzger DA, Olive DL, Haney AF. Limited hormonal respon-
siveness of ectopic endometrium: histologic correlation with
intrauterine endometrium. Hum Pathol. 1988;19(12):1417-1424.
Young SL, Lessey BA. Progesterone function in human endome-
trium: clinical perspectives. Semin Reprod Med. 2010;28(1):5-16.
. Szczepanska M, Wirstlein P, Luczak M, Jagodzinski PP,
Skrzypczak J. Reduced expression of HOXA10 in the midluteal



Celik et al

189

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

endometrium from infertile women with minimal endometrio-
sis. Biomed Pharmacother. 2010;64(10):697-705.

Kim JJ, Taylor HS, Lu Z, et al. Altered expression of HOXA10
in endometriosis: potential role in decidualization. Mol Hum
Reprod. 2007;13(5):323-332.

Wu Y, Halverson G, Basir Z, Strawn E, Yan P, Guo SW. Aber-
rant methylation at HOXA10 may be responsible for its aberrant
expression in the endometrium of patients with endometriosis.
Am J Obstet Gynecol. 2005;193(2):371-380.

Hirata JD, Moghissi KS, Ginsburg KA. Pregnancy after medical
therapy of adenomyosis with a gonadotropin-releasing hormone
agonist. Fertil Steril. 1993;59(2):444-445.

Barrier BF, Malinowski MJ, Dick EJ Jr, Hubbard GB, Bates
GW. Adenomyosis in the baboon is associated with primary
infertility. Fertil Steril. 2004;82(suppl 3):1091-1094.

Sagoskin AW, Lessey BA, Mottla GL, et al. Salpingectomy or
proximal tubal occlusion of unilateral hydrosalpinx increases the
potential for spontaneous pregnancy. Hum Reprod. 2003;18(12):
2634-2637.

Savaris RF, Pedrini JL, Flores R, Fabris G, Zettler CG. Expres-
sion of alpha 1 and beta 3 integrins subunits in the endometrium
of patients with tubal phimosis or hydrosalpinx. Fertil Steril.
2006;85(1):188-192.

Hughes E, Brown J, Collins JJ, Farquhar C, Fedorkow DM,
Vandekerckhove P. Ovulation suppression for endometriosis.
Cochrane Database Syst Rev. 2007;(3):CD000155.

D’ Antonio M, Martelli F, Peano S, Papoian R, Borrelli F. Ability
of recombinant human TNF binding protein-1 (r-hTBP-1) to
inhibit the development of experimentally induced endometrio-
sis in rats. J Reprod Immunol. 2000;48(2):81-98.

Akoum A, Kong J, Metz C, Beaumont MC. Spontaneous and
stimulated secretion of monocyte chemotactic protein-1 and
macrophage migration inhibitory factor by peritoneal macro-
phages in women with and without endometriosis. Fertil Steril.
2002;77(5):989-994.

Ota H, Igarashi S, Sasaki M, Tanaka T. Distribution of
cyclooxygenase-2 in eutopic and ectopic endometrium in endo-
metriosis and adenomyosis. Hum Reprod. 2001;16(3):561-566.
Harris HA, Bruner-Tran KL, Zhang X, Osteen KG, Lyttle CR. A
selective estrogen receptor-beta agonist causes lesion regression
in an experimentally induced model of endometriosis. Hum
Reprod. 2005;20(4):936-941.

Lee B, Du H, Taylor HS. Experimental murine endometriosis
induces DNA methylation and altered gene expression in eutopic
endometrium. Biol Reprod. 2009;80(1):79-85.

Mehasseb MK, Panchal R, Taylor AH, Brown L, Bell SC,
Habiba M. Estrogen and progesterone receptor isoform distribu-
tion through the menstrual cycle in uteri with and without ade-
nomyosis. Fertil Steril. 2011;95(7):2228-2235.

Everitt JI, Wolf DC, Howe SR, Goldsworthy TL, Walker C.
Rodent model of reproductive tract leiomyomata. Clinical and
pathological features. Am J Pathol. 1995;146(6):1556-1567.
Hastings JM, Fazleabas AT. Future directions in endometriosis
research. Semin Reprod Med. 2003;21(2):255-262.

Matsuzaki S, Canis M, Darcha C, Dallel R, Okamura K, Mage G.
Cyclooxygenase-2 selective inhibitor prevents implantation of

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

eutopic endometrium to ectopic sites in rats. Fertil Steril. 2004;
82(6):1609-1615.

Gonzalez-Ramos R, Van Langendonckt A, Defrere S, et al.
Agents blocking the nuclear factor-kappaB pathway are effec-
tive inhibitors of endometriosis in an in vivo experimental
model. Gynecol Obstet Invest. 2007;65(3):174-186.

Stevens VC. Some reproductive studies in the baboon. Hum
Reprod Update. 1997;3(6):533-540.

D’Hooghe TM, Debrock S. Endometriosis, retrograde menstrua-
tion and peritoneal inflammation in women and in baboons. Hum
Reprod Update. 2002;8(1):84-88.

Dehoux JP, Defrére S, Squifflet J, et al. Is the baboon model
appropriate for endometriosis studies? Fertil Steril. 2011;96(3):
728-733.

Moberg C, Bourlev V, Ilyasova N, Olovsson M. Endometrial
expression of LIF and its receptor and peritoneal fluid levels
of IL-1o and IL-6 in women with endometriosis are associated
with the probability of pregnancy. Arch Gynecol Obstet 2015;
292(2):429-437.

Oosterlynck DJ, Meuleman C, Waer M, Koninckx PR. CO2-
laser excision of endometriosis does not improve the decreased
natural killer activity. Acta Obstet Gynecol Scand. 1994;73(4):
333-337.

Bildirici I, Bukulmez O, Ensari A, Yarali H, Gurgan T. A pro-
spective evaluation of the effect of salpingectomy on endome-
trial receptivity in cases of women with communicating
hydrosalpinges. Hum Reprod. 2001;16(11):2422-2426.

Zhong Y, Li J, Wu H, et al. Effect of surgical intervention on the
expression of leukemia inhibitory factor and L-selectin ligand in
the endometrium of hydrosalpinx patients during the implanta-
tion window. Exp Ther Med. 2012;4(6):1027-1031.

Marcoux S, Maheux R, Bérubé S. Laparoscopic surgery in infer-
tile women with minimal or mild endometriosis. Canadian
Collaborative Group on Endometriosis. N Engl J Med. 1997,
337(4):217-222.

Parazzini F. Ablation of lesions or no treatment in minimal-mild
endometriosis in infertile women: a randomized trial. Gruppo
Italiano per lo Studio dell” Endometriosi. Hum Reprod. 1999;
14(5):1332-1334.

Opoien HK, Fedorcsak P, Byholm T, Tanbo T. Complete surgi-
cal removal of minimal and mild endometriosis improves out-
come of subsequent IVF/ICSI treatment. Reprod Biomed Online.
2011;23(3):389-395.

Meuleman C, D’Hoore A, Van Cleynenbreugel B, Beks N,
D’Hooghe T. Outcome after multidisciplinary CO2 laser laparo-
scopic excision of deep infiltrating colorectal endometriosis.
Reprod Biomed Online. 2009;18(2):282-289.

Meuleman C, Tomassetti C, Wolthuis A, et al. Clinical outcome
after radical excision of moderate-severe endometriosis with or
without bowel resection and reanastomosis: a prospective cohort
study. Ann Surg. 2014;259(3):522-531 .

Barnhart K, Dunsmoor-Su R, Coutifaris C. Effect of endome-
triosis on in vitro fertilization. Fertil Steril. 2002;77(6):
1148-1155.

Kuivasaari P, Hippeldinen M, Anttila M, Heinonen S. Effect of
endometriosis on IVF/ICSI outcome: stage III/IV endometriosis



190

Reproductive Sciences 24(2)

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

worsens cumulative pregnancy and live-born rates. Hum Reprod.
2005;20(11):3130- 3135.

Nesbitt-Hawes EM, Campbell N, et al. The surgical treatment of
severe endometriosis positively affects the chance of natural or
assisted pregnancy postoperatively. Biomed Res Int. 2015;2015:
438790.

Practice Committee of the American Society for Reproductive
Medicine. Endometriosis and infertility. Fertil Steril. 2006;86(5
suppl 1):156-160.

Ordi J, Creus M, Casamitjana R, Cardesa A, Vanrell JA, Balasch
J. Endometrial pinopode and alphavbeta3 integrin expression is
not impaired in infertile patients with endometriosis. J Assist
Reprod Genet. 2003;20(11):465-473.

Lessey BA. Medical management of endometriosis and inferti-
lity. Fertil Steril. 2000;73(6):1089-1096.

Surrey ES, Silverberg KM, Surrey MW, Schoolcraft WB.
Effect of prolonged gonadotropin-releasing hormone agonist
therapy on the outcome of in vitro fertilization-embryo trans-
fer in patients with endometriosis. Fertil Steril. 2002;78(4):
699-704.

Ruan HC, Zhu XM, Luo Q, et al. Ovarian stimulation with
GnRH agonist, but not GnRHantagonist, partially restores the
expression of endometrial integrin beta3 and leukaemia-
inhibitory factor and improves uterine receptivity in mice. Hum
Reprod. 2006;21(10):2521-2529.

Bhatt H, Brunet LJ, Stewart CL. Uterine expression of leu-
kemia inhibitory factor coincides with the onset of blastocyst
implantation. Proc Natl Acad Sci U S A. 1991;88(24):
11408-11412.

Sherwin JR, Smith SK, Wilson A, Sharkey AM. Soluble gp130
is up-regulated in the implantation window and shows altered
secretion in patients with primary unexplained infertility. J Clin
Endocrinol Metab. 2002;87(8):3953-3960.

Achache H, Revel A. Endometrial receptivity markers, the jour-
ney to successful embryo implantation. Hum Reprod Update.
2006;12(6):731-746.

Taylor HS, Arici A, Olive D, Igarashi P. HOXA10 is expressed
in response to sex steroids at the time of implantation in the
human endometrium. J Clin Invest. 1998;101(7):1379-1384.
Aghajanova L, Velarde MC, Giudice LC. Altered gene expres-
sion profiling in endometrium: evidence for progesterone resis-
tance. Semin Reprod Med. 2010;28(1):51-58.

Daftary GS, Troy PJ, Bagot CN, Young SL, Taylor HS. Direct
regulation of beta3-integrin subunit gene expression by
HOXA10 in endometrial cells. Mol Endocrinol. 2002;16(3):
571-579.

Martin M, Herceg Z. From hepatitis to hepatocellular carcinoma:
a proposed model for cross-talk between inflammation and epi-
genetic mechanisms. Genome Med. 2012;4(1):8.

Halis G, Arici A. Endometriosis and inflammation in infertility.
Ann N Y Acad Sci. 2004;1034:300-315.

Sung L, Mukherjee T, Takeshige T, Bustillo M, Copperman AB.
Endometriosis is not detrimental to embryo implantation in
oocyte recipients. J Assist Reprod Genet. 1997;14(3):152-156.
Buttram VC, Reiter RC. Uterine leiomyomata: etiology, symp-
tomatology and management. Fertil Steril. 1981;36(4):433-445.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Manyonda I, Sinthamoney E, Belli AM. Controversies and chal-
lenges in the modern management of uterine fibroids. BJOG.
2004;111(2):95-102.

Brosens J, Campo R, Gordts S, Brosens 1. Submucous and outer
myometrium leiomyomas are two distinct clinical entities. Fertil
Steril. 2003;79(6):1452-1454.

Vollen-Hoven BJ, Lawrence AS, Healy DL. Uterine fibroids: a
clinical review. Br J Obstet Gynaecol. 1990;97(4):285-288.
Deligdish L, Lowenthal M. Endometrial changes associated with
myomata of the uterus. J Clin Pathol. 1970;23(8):676-680.
Richards PA, Tiltman AJ. Anatomical variation of the oestrogen
receptor in the non-neoplastic myometrium of fibromyomatous
uteri. Virchows Arch. 1996;428(6):347-351.

Donnez J, Jadoul P. What are the implications of myomas on
fertility? A need for a debate? Hum Reprod. 2002;17(6):
1424-1430.

Benecke C, Kruger TF, Siebert TI, Van der Merwe JP, Steyn
DW. Effect of fibroids on fertility in patients undergoing assisted
reproduction. A structured literature review. Gynecol Obstet
Invest. 2005;59(4):225-230.

Bulletti C, De Ziegler D, Setti PL, Cicinelli E, Polli V, Stefanetti
M. Myomas, pregnancy outcome, and in vitro fertilization. Ann
N Y Acad Sci. 2004;1034:84-92.

Casini ML, Rossi F, Agostini R, Unfer V. Effect of the position
of fibroids on fertility. Gynecol Endocrinol. 2006;22(2):
106-109.

Eldar GT, Meagher S, Healey DL, MacLachlan V, Breheny S,
Wood C. Effect of intramural, subserosal and submucosal uter-
ine fibroids on the outcome of assisted reproductive technology
treatment. Fertil Steril. 1998;70(4):687-691.

Pritts EA. Fibroids and infertility: a systematic review of the
evidence. Obstet Gynecol Surv. 2001;56(8):483-491.
Fernandez H, Sefrioui O, Virelizier C, Gervaise A, Gomel V,
Frydman R. Hysteroscopic resection of submucosal myomas in
patients with infertility. Hum Reprod. 2001;16(7):1489-1492.
Horcajadas JA, Goyri E, Higon MA, et al. Endometrial recep-
tivity and implantation are not affected by the presence of uter-
ine intramural leiomyomas: a clinical and functional genomics
analysis. J ClinEndocrinol Metab. 2008;93(9):3490-3498.
Khalaf Y, Ross C, El-Toukhy T, Hart R, Seed P, Braude P. The
effect of small intramural uterine fibroids on the cumulative
outcome of assisted conception. Hum Reprod. 2006;21(10):
2640-2644.

Chan Y, Jayaprakasan K, Zamora J, et al. The prevalence of
congenital uterine anomalies in unselected and high-risk popula-
tions: a systematic review. Hum Repod Update. 2011;17(6):
761-771.

Valle RF, Ekpo GE. Hysteroscopic metroplasty for the septate
uterus: review and meta-analysis. J Minim Invasive Gynecol.
2013;20(1):22-42.

Kowalik CR, Goddijn M, Emanuel MH, et al. Metroplasty ver-
sus expectant management for women with recurrent miscar-
riage and a septate uterus. Cochrane Database Syst Rev. 2011;
(6):CD008576.

Lewis A, Levine D. Pregnancy complications in women with uter-
ine duplication anomalies. Ultrasound Q. 2010;26(4):193-200.



Celik et al

191

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Paradisi R, Barzanti R, Fabbri R. The techniques and outcomes
of hysteroscopic metroplasty. Curr Opin Obstet Gynecol. 2014;
26(4):295-301.

Mollo A, De Franciscis P, Colacurci N, et al. Hysteroscopic
resection of the septum improves the pregnancy rate of women
with unexplained infertility: a prospective controlled trial. Fertil
Steril. 2009;91(6):2628-2631.

Tomazevi¢ T, Ban-Frangez H, Virant-Klun I, et al. Septate,
subseptate and arcuate uterus decrease pregnancy and live
birth rates in IVF/ICSI. Reprod Biomed Online. 2010;21(5):
700-705.

Homer HA, Li TC, Cooke ID. The septate uterus: a review of
management and reproductive outcome. Fertil Steril. 2000;
73(1):1-14.

Zlopasa G, Skrablin S, Kalafati¢ D, Banovi¢ V, Les$in J. Uterine
anomalies and pregnancy outcome following resectoscope
metroplasty. Int J Gynecol Obstet. 2007;98(2):129-133.
Buttram VC Jr, Gomel V, Siegler A, et al. The American Ferti-
lity Society classifications of adnexal adhesions, distal tubal
occlusion, tubal occlusion secondary to tubal ligation, tubal
pregnancies, Mullerian anomalies and intrauterine adhesions.
Fertil Steril. 1988;49(6):944-955.

Strandell A, Lindhard A, Waldenstrim U, et al. Hydrosalpinx
and IVF outcome: a prospective, randomized multicentre trial in
Scandinavia on salpingectomy prior to IVF. Hum Reprod. 1999;
14(11):2762-2769.

Nackley AC, Muasher SJ. The significance of hydrosalpinx in in
vitro fertilization. Fertil Steril. 1998;69(3):373-384.

de Sa Rosa e de Silva A, Rosa e Silva J, Candido dos Reis FJ,
Nogueira AA, Ferriani RA. Routine office hysteroscopy in the
investigation of infertile couples before assisted reproduction.
J Reprod Med. 2005;50(7):501-506.

Kim MR, Kim YA, Jo MY, Hwang KJ, Ryu HS. High frequency
of endometrial polyps in endometriosis. J Am Assoc Gynecol
Laparosc. 2003;10(1):46-48.

Stamellos I, Apostolides A, Stamatopoulos P, Bontis J. Preg-
nancy rates after hysteroscopic polypectomy depending on the
size or number of the polyps. Arch Gynecol Obstet. 2008;277(5):
395-399.

Peng X, Li T, Xia E, Xia C, Liu Y, Yu D. A comparison of
oestrogen receptor and progesterone receptor expression in
endometrial polyps and endometrium of premenopausal women.
J Obstet Gynaecol. 2009;29(4):340-346.

Pérez-Medina T, Bajo-Arenas J, Salazar F, et al. Endometrial
polyps and their implication in the pregnancy rates of patients
undergoing intrauterine insemination: a prospective, randomized
study. Hum Reprod. 2005;20(6):1632-1635.

Varasteh NN, Neuwirth RS, Levin B, Keltz MD. Pregnancy rates
after hysteroscopic polypectomy and myomectomy in infertile
women. Obstet Gynecol. 1999;94(2):168-171.

Spiewankiewicz B, Stelmachow J, Sawicki W, et al. The effec-
tiveness of hysteroscopic polypectomy in cases of female infer-
tility. Clin Exp Obstet Gynecol. 2003;30(1):23-25.

Shokeir TA, Shalan HM, El-Shafei MM. Significance of endo-
metrial polyps detected hysteroscopically in eumenorrheic infer-
tile women. J Obstet Gynaecol Res. 2004;30(2):84-89.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Yanaihara A, Yorimitsu T, Motoyama H, Iwasaki S, Kawamura
T. Location of endometrial polyp and pregnancy rate in inferti-
lity patients. Fertil Steril. 2008;90(1):180-182.

Isikoglu M, Berkkanoglu M, Senturk Z, Coetzee K, Ozgur K.
Endometrial polyps smaller than 1.5 cm do not affect ICSI out-
come. Reprod Biomed Online. 2006;12(2):199-204.

Lass A, Williams G, Abusheikha N, Brinsden P. The effect of
endometrial polyps on outcomes of in vitro fertilization (IVF)
cycles. J Assist Reprod Genet. 1999;16(8):410-415.

Fischer CP, Kayisili U, Taylor HS. HOXA10 expression is
decreased in endometrium of women with adenomyosis. Fertil
Steril. 2011;95(3):1133-1136.

Xiao Y, Sun X, Yang X, et al. Leukemia inhibitory factor is
dysregulated in the endometrium and uterine flushing fluid of
patients with adenomyosis during implantation window. Fertil
Steril. 2010;94(1):85-89.

Kitawaki J, Noguchi T, Amatsu T, et al. Expression of aromatase
cytochrome P450 protein and Messenger ribonucleic acid in
human endometriotic and adenomyotic tissues but not in normal
endometrium. Biol Reprod. 1997;57(3):514-519.

Yang JH, Wu MY, Chang DY, et al. Increased interleukin-6
messenger RNA expression in macrophage co-cultured endome-
trial stromal cells in adenomyosis. Am J Reprod Immunol. 2006;
55(3):181-187.

Campo S, Campo V, Benagiano G. Adenomyosis and infertility.
Reprod Biomed Online. 2012;24(1):35-46.

Barash A, Dekel N, Fieldust S, Segal I, Schechtman E, Granot I.
Local injury to the endometrium doubles the incidence of suc-
cessful pregnancies in patients undergoing in vitro fertilization.
Fertil Steril. 2003;79(6):1317-1322.

Raziel A, Schachter M, Strassburger D, Bern O, Ron-El R,
Friedler S. Favorable influence of local injury to the endo-
metrium in intracytoplasmic sperm injection patients with
high-order implantation failure. Fertil Steril. 2007;87(1):
198-201.

Zhou L, Li R, Wang R, Huang HX, Zhong K. Local injury to the
endometrium in controlled ovarian hyperstimulation cycles
improves implantation rates. Fertil Steril. 2008;89(5):
1166-1176.

Li R, Hao G. Local injury to the endometrium: its effect on
implantation. Curr Opin Obstet Gynecol. 2009;21(3):236-239.
Du H, Taylor HS. Contribution of bone marrow-derived stem
cells to endometrium and endometriosis. Stem Cells. 2007;25(8):
2082-2086.

Loeb L. Ueber die experimentelle Erzeugung von Knoten von
Deciduagewebe in dem Uterus des Meerschweinchens nach
stattgefundener. Copulation Zentralbl Allg Pathol Pathol Anat.
1907;18:563-565.

Turner CD.Biological effects of the ovarian hormones. In:
Turner CD, Bagnara JT, eds. General Endocrinology. 6. Phila-
delphia, PA: W. B. Saunders Company; 1976:466-476.

Saito S, Sasaki Y. Th1/Th2 balance at implantation stage. In:
Mor G, ed. Immunology of Pregnancy. New York, NY: Springer;
2006:37-48.

Dominguez F, Yanez-Mo M, Sanchez-Madrid F, Simon C.
Embryonic implantation and leukocyte transendothelial



192

Reproductive Sciences 24(2)

145.

146.

147.

148.

149.

150.

migration: different processes with similar players? FASEB J.
2005;19(9):1056-1060.

Kalma Y, Granot I, Gnainsky Y, et al. Endometrial biopsy-
induced gene modulation: first evidence for the expression of
bladder-transmembranal uroplakin Ib in human endometrium.
Fertil. Steril. 2009;91(4):1042-1049.

Gnainsky Y, Granot I, Aldo P, et al. Local injury of the endome-
trium induces an inflammatory response that promotes success-
ful implantation. Fertil Steril. 2010;94(6):2030-2036.

Potdar N, Gelbaya T, Nardo LG. Endometrial injury to over-
come recurrent embryo implantation failure: a systematic review
and meta-analysis. Reprod Biomed Online. 2012;25(6):561-571.
Chang HJ, Han SH, Lee JR, et al. Impact of laparoscopic cystect-
omy on ovarian reserve: serial changes of serum anti-Miillerian
hormone levels. Fertil Steril. 2010;94(1):343-349.

Iwase A, Hirokawa W, Goto M, et al. Serum anti-Miillerian
hormone level is a useful marker for evaluating the impact of
laparoscopic cystectomy on ovarian reserve. Fertil Steril. 2010;
94(7):2846-2849.

Kwon SK, Kim SH, Yun SC, et al. Decline of serum antimiiller-
ian hormone levels after laparoscopic ovarian cystectomy in
endometrioma and other benign cysts: a prospective cohort
study. Fertil Steril. 2014;101(2):435-441.

151.

152.

153.

154.

155.

156.

Strandell A, Lindhard A, Waldenstrdom U, Thorburn J. Hydro-
salpinx and IVF outcome: cumulative results after salpingect-
omy in a randomized controlled trial. Hum Reprod. 2001;16(11):
2403-2410.

Ni L, Sadiq S, Mao Y, Cui Y, Wang W, Liu J. Influence of
various tubal surgeries to serum antimullerian hormone level
and outcome of the subsequent IVF-ET treatment. Gynecol
Endocrinol. 2013;29(4):345-349.

Findley AD, Siedhoff MT, Hobbs KA, et al. Short-term effects
of salpingectomy during laparoscopic hysterectomy on ovarian
reserve: a pilot randomized controlled trial. Fertil Steril. 2013;
100(6):1704-1708.

Grynnerup AG, Lindhard A, Serensen S. Anti-Miillerian hor-
mone levels in salpingectomized compared with nonsalpingec-
tomized women with tubal factor infertility and women with
unexplained infertility. Acta Obstet Gynecol Scand. 2013;
92(11):1297-1303.

Strandell A, Lindhard A. Hydrosalpinx and ART-salpingectomy
prior to IVF can be recommended to a well-defined subgroup of
patients. Hum Reprod. 2000;15(10):2072-2074.

Littman E, Giudice L, Lathi R, et al. Role of laparoscopic treat-
ment of endometriosis in patients with failed in vitro fertilization
cycles. Fertil Steril. 2005,84(6):1574-1578.



