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Endometrial polyps, adenomyosis, and leiomyomas are commonly encountered abnormalities frequently found in both fertile women
and those with infertility. The clinician is frequently challenged to determine which of these entities, when found, is likely to impair
fertility, and which are ‘‘innocent bystanders’’ unrelated to the problem at hand. Although removing an endometrial polyp may be
seen as a relatively benign and safe intervention, myomectomy, and in particular adenomyomectomy, can be substantive surgical pro-
cedures, associated with their own potential for disrupting fertility. One of the mechanisms thought to be involved when these entities
are contributing to infertility is an adverse impact on endometrial receptivity. Indeed polyps, adenomyosis, and leiomyomas have all
been associated with an increased likelihood of abnormal endometrial molecular expressions thought to impair implantation and early
embryo development. This review is designed to examine the relationship of these common entities to endometrial receptivity and to
identify evidence gaps that should be considered when strategizing research initiatives. It is apparent that we have the tools necessary to
fill these gaps, but it will be necessary to approach the issue in a strategic and coordinated fashion. It is likely that we will have to recog-
nize the limitations of imaging alone and look to the evidence-based addition of molecular analysis to provide the individualized phe-
notyping of disease necessary for patient-specific treatment decisions. (Fertil Steril� 2019;111:629–40.�2019 by American Society for
Reproductive Medicine.)
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S uccessful implantation is the
result of a series of complex in-
teractions between the decidual-

ized endometrium and the early
embryo. It is apparent that structural
abnormalities of the uterus can be asso-
ciated with a disruption of this essential
process by impeding some combination
of embryo transport and subsequent
implantation into the endometrium.
However, it is also clear that some struc-
tural abnormalities may not have any
apparent impact on these aspects of
normal fertility, a circumstance that
begs a number of questions. How do
we determine when, and when not, to
intervene when structural anomalies
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are identified in women with infertility
or recurrent early pregnancy loss? Has
our improved ability to diagnose abnor-
malities such as polyps, adenomyosis,
and leiomyomas placed infertilewomen
in jeopardy from unnecessary surgery
and other interventions? If interven-
tions are required or recommended,
what is the role for medical therapy?
For traditional surgery? For new
image-guided and other techniques?

This article is designed to review
what is currently known about the
impact of endometrial polyps, adeno-
myosis, and uterine leiomyomas on
factors associated with implantation,
and in particular, endometrial recep-
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tivity. A systematic review has been
performed to evaluate the available
literature for evidence regarding the in-
fluence of these entities on implanta-
tion. PubMed was searched for each of
the entities (polyps, adenomyosis, and
leiomyomas) using the following terms:
endometrial, polyps, adenomyosis,
leiomyomas, fibroids and endometrial
receptivity, and implantation and im-
plantation failure. Searches were re-
viewed initially for relevance, and
then abstracts were obtained to identify
those that seemed to represent
receptivity-related studies for one or
more of the three entities. When ab-
stracts were deemed relevant the full
article was obtained and reviewed.
Additional articles were identified by
review of bibliographies of full-text pa-
pers. A total of 54 citations were re-
viewed for endometrial polyps, 92 for
adenomyosis, and 148 that were related
to leiomyomas. From these were
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identified 5 for polyps, 24 for adenomyosis, and 11 for leio-
myomas that related to implantation, focusing on but not
limited to endometrial receptivity, generally based on molec-
ular expressions or uterine peristaltic activity.

Before we launch into the review of what is known about
the impact of adenomyosis, polyps, and leiomyomas on endo-
metrial receptivity, it seems appropriate to review what is
known about endometrial receptivity itself.
ENDOMETRIAL RECEPTIVITY
The process of implantation requires coordinated and syn-
chronous development of the embryo and an endometrium
that is receptive to implantation, optimally between 6 and
10 days after ovulation (1). For the endometrium, the stage
is set by exposure to E2 during the 2 weeks or so before ovula-
tion, following which the process of decidualization begins,
promoted by the production and systemic release of P from
the corpus luteum. The histopathologically visible process of
decidualization reflects a largely invisible and complex yet
rigorously coordinated set of molecular events that are essen-
tial to endometrial receptivity.

Critical to these processes are homeobox (Hox) genes. The
family of 39 Hox genes encodes proteins that act as transcrip-
tion factors that are not only important embryologically for
axial development but are also pivotal to the normal develop-
ment of the female reproductive tract (2). They also are critical
to functional endometrial development during the menstrual
cycle, and in particular to endometrial receptivity. Hox-A10
and -A11 seem to be the most important; both are expressed
in the endometrium during the proliferative phase of the cycle
and peak in the mid-secretory phase under the influence of P
(3, 4). In addition, both have been demonstrated deficient in
the secretory phase of women with low rates of implantation
(4, 5). Both HOXA-10 and HOXA-11 influence downstream
factors influencing endometrial receptivity by activating or
repressing target genes, such as b3-integrin and Emx2 (2).

A number of other parallel and related endometrial events
seem critical to enhanced endometrial receptivity. There ex-
ists a complex interplay among autocrine and paracrine fac-
tors that include a spectrum of cytokines and chemochines as
well as their receptors and secondary messengers. During the
decidualization process there are demonstrable local increases
in prostaglandins and vascular endothelial growth factor, as
well as extravasation of immune cells, primarly comprising
macrophages and natural killer (NK) cells (6). Also witnessed
on the endometrial surface is increased pinopode expression
(7) and expression of cell adhesion molecules, such as integrin
and osteopontin (8, 9).

When it is expelled into the endometrial cavity from the
fallopian tube, the free-floating blastocyst is approximately
0.2 mm in diameter. It is apparent that there is bidirectional
communication between the ‘‘preimplanted’’ embryo and
endometrium that coordinates and facilitates impantation
(10). After ‘‘hatching’’ from the zona pellucida, and in the re-
gion of the inner call mass (11), the early embryo seems to
attach to the endometrium in a region of increased pinopode
expression.
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It seems that successful embryo implantation is the
consequence of an invasive process that is facilitated by a
number of factors, including cytokines, morphogens, steroid
hormones, adhesion molecules, and growth and transcription
factors. Macrophages, largely the product of P, locally pro-
duce cytokines such as leukocyte inhibitory factor (LIF) and
interleukin (IL)-11 that seem to be important to embryo im-
plantation (12, 13), possibly via the gp130 signaling
pathway (14–16). After attachment of the embryo to the
endometrium, IL-11 plays a role in the regulation of tropho-
blast invasion; deficiencies are associated with reduced local
levels of NK cells in the secretory endometrium (12) and, at
least in mice, early pregnancy loss (17). The NK cells are the
dominant immune cells during the window of implantation
(WOI) and seem to be important reglators of immunotoler-
ance, angiogenesis (via vascular endothelial growth factor
and placental growth factor), and trophoblast migration and
invasion (18, 19). Growth factors are also important; for
example, heparin-binding epidermal growth factor is a trans-
forming growth factor (TGF)-b family protein that responds
to P to induce the secretion of bone morphogenetic protein
(BMP)-2, critical to the process of decidualization (20–22).
Reduced secretion of BMP-2 is associated with reduced endo-
metrial stromal cell expression of HOXA-10 and LIF (23).

Another important contributor to conception and im-
plantation is uterine peristalsis. Indeed, disorders of uterine
peristalsis may contribute to the pathogenesis of a number
of disorders, such as endometriosis and adenomyosis, and
may impair sperm and embryo transport as well as implanta-
tion (24). This will be discussed in more detail later.
IMPACT OF UTERINE ANOMOLIES (POLYPS,
ADENOMYOSIS, LEIOMYOMAS) ON
IMPLANTATION
Each of these disorders is commonly found in both normal
and infertile women. It can be estimated that, during the
reproductive years, endometrial polyps can be identified in
8%–12% of women (25, 26), adenomyosis in 35% (27), and,
by age 50 years, leiomyomas in almost 70% of Caucasians
and in more than 80% of women of African ancestry (28). It
is also apparent that their mere presence does not imply a
negative impact on fertility in general and endometrial
receptivity in particular. So a fundamental question facing
the clinician is, ‘‘When do polyps, adenomyosis, and
leiomyomas negatively impact fertility and early pregnancy
development?’’ Presented a different way, when may these
lesions adversely impact the molecular and other factors
necessary for blastocyst attachment and normal developent
within the decidualized endometrium? When do they result
in abnormal expressions of receptivity genes, growth
factors, cytokines, and other factors, including myometrial
contractility, in a fashion that impairs implantation?
Polyps

Endometrial polyps are localized endothelial tumors
comprising endometrial glands, stroma, blood vessels, and,
typically, fibrous tissue. Their morphology varies
VOL. 111 NO. 4 / APRIL 2019
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considerably, from millimeters to centimeters in largest
dimension, sessile or pedunculated in shape, and single or
multiple in number. When followed for a year, spontaneous
resolution may occur in up to 27% (26).

Polyps and infertility. Endometrial polyps are common in
those with infertility (29, 30), with a prevalence as high as
32% (31). However, the sometimes similar prevalence of
endometrial polyps in normal and infertile women raises
questions regarding the role, if any, that endometrial polyps
have in the pathogenesis of infertility.

Impact of polypectomy. One approach to estimating the rela-
tionship between endometrial polyps and infertility is to
study the impact of polypectomy on infertile women. There
is one randomized trial, involving 215 subjects, designed to
evaluate the impact of hysteroscopic polypectomy on fertility
when performed before IUI (32–34). Those randomized to
hysteroscopic polypectomy were twice as likely to become
pregnant as those in the control group, who did not
undergo polypectomy. Another prospective, comparative,
but nonrandomized trial involving 171 women also
demonstrated that hysteroscopic endometrial polypectomy
improved IUI results (35). Two other comparative studies,
not randomized, demonstrated no benefit to hysteroscopic
polypectomy (36, 37). In one of these studies, removal of
polyps less than 1.5 cm in maximum diameter did not
improve the results of ET (37).

Although the evidence linking hysteroscopic polypec-
tomy to IVF-ET success rates is conflicting, there has been
investigation regarding the appropriate timing of ET after
polypectomy. In a nonrandomized study of 487 patients,
there was no difference when ET was performed after one,
two to three, or more than three subsequent cycles in the rates
of implantation (42.4%, 41.2%, 42.1%), clinical pregnancy
(48.5%, 48.3%, 48.6%), spontaneous pregnancy loss (4.56%,
4.65%, 4.05%), and live bith (44.0%, 43.6%, 44.6%) (38).

Impact on endometrial molecular expressions. The poten-
tial mechanisms whereby endometrial polyps could adversely
impact fertility include both mechanical interference and the
release of molecules that adversely effect sperm transport or
embryo implantation. There exists evidence of increased
levels of glycodelin (39), aromatase (40), inflammatory
markers (41), and reduced levels of HOXA-10 and -11
messenger RNA (42); the latter, as discussed, molecular
markers associated with endometrial receptivity. No studies
were found comparing these expressions before and after
polypectomy.
Adenomyosis

Definition and background. Adenomyosis is the presence of
ectopic, nonneoplastic, endometrial glands and stroma in the
myometrium. Typically, the ectopic endometrium is sur-
rounded by hypertrophic and hyperplastic myometrium.
Although adenomyosis was first described in 1860 by Carl
von Rokitansky (43), before the descriptions of endometriosis,
until relatively recently it could only be reliably diagnosed by
hysterectomy. Consequently, because endometriosis could be
diagnosed by laparoscopy, investigation into the role of ad-
VOL. 111 NO. 4 / APRIL 2019
enomyosis amidst a spectrum of gynecologic disorders,
including infertility and recurrent pregnancy loss, was
obscured. With the advent of high-resolution ultrasound
and the development of magnetic resonance imaging (MRI),
the diagnosis of adenomyosis can now be relatively reliably
made absent hysterectomy (44–47), a circumstance that has
created the opportunity to investigate its pathogenesis,
molecular expressions, and clinical impact.

Pathogenesis. There exist a number of hypotheses regarding
the pathogenesis of adenomyosis, and it is likely that more
than one is responsible for the spectrum of the recognized dis-
ease phenotypes. The disorder can manifest as one or a com-
bination of thickening of the internal myometrium, areas of
focal or diffuse disease, and involvement of the outer myome-
trium. One hypothesis is that trauma occurs at the endome-
trial myometrial interface fostered (fostered by increased
peristalsis) increased peristalsis of the junctional zone (48).
This process results in local trauma and a repair meachanism
(tissue injury and repair) that results in increased local levels
of E2 (49), a circumstance that further promotes hyperperistal-
sis and increasing local damage that allows ‘‘invasion’’ of
endometrium into the myometrium (50, 51) (Fig. 1). When
outer myometrial adenomyosis exists in isolation it has
been hypothesized that it may occur secondary to invasion
of endometriosis, either from posterior or anterior sources
(52). Relatively recent genetic evidence suggests that there
are more than 1,000 abnormally up-regulated or down-
regulated genes in the eutopic endometrium of women with
adenomyosis when compared with controls (53).

Adenomyosis and infertility. Although evidence has been
conflicting, there seems to be an overall negative impact of
adenomyosis on fertility (54) and, in particular, assisted
reproductive technology outcomes (55). It is postulated that
adenomyosis may contribute to infertility by changing the
normal myometrial architecture and function by altering
normal uterine peristalsis and by negatively impacting sperm
transport. However, and perhaps more importantly, adeno-
myosis may result in disordered decidualization manifesting
in reduced endometrial receptivity, a circumstance associated
with the presence of defects or other abnormalities in measur-
able implantation markers.

The adenomyosis–infertility story is not a simple one. It is
apparent that, in somewomen, adenomyosis seems inert, with
no impact on reproductive function. For example, there is ev-
idence that women with adenomyosis that is asymptomatic
have ET success rates similar to those in women without ad-
enomyosis (56). So one important caveat is that there may
well be a spectrum of manifestations of adenomyosis, a
circumstance that may affect our interpretation of studies un-
less they are controlled for the presence of symptoms, disease
location and burden, and other potentially relevant pheno-
typic features of the disease (57).

Molecular impact. There exists an evolving body of evidence
examining the impact of adenomyosis on the molecular ex-
pressions thought to be important for optimal endometrial
receptivity (Fig. 1). Hox-A10 gene expression can be
decreased both in the mouse model with experimental adeno-
myosis (58) and in the secretory-phase endometrium of
631



FIGURE 1

Adenomyosis may adversely impact fertility by its impact on myometrial contractility and/or via altered molecular expressions in the endometrium.
Local hyperestrogenism is thought to be related to increased and dysfunctional peristalsis of the inner myometrium, leading to disruption of the
integrity of the endometrial–myometrial interface, thereby facilitating growth of endometrium into the myometrium. This process is self-
propagating as the mechanism of repair itself results in increased local levels of E2. Adenomyosis may also reduce endometrial receptivity when
it is associated with abnormal molecular expressionsm, such as reduced levels of HOXA-10, -11 and increases or decreases in other factors
thought or known to be important for implantation and early embryo development.
Munro. Uterine factors in embryo implantation failure. Fertil Steril 2019.
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women with adenomyosis (59). Dysregulation of endometrial
LIF is also seen during the WOI (58, 60, 61). NR4A receptors
drive decidualization of human endometrial stromal cells by
transcriptional activation of FOXO1A, and both NR4A and
FOXO1A are down-regulated in adenomyotic tissue, a
circumstance that impairs decidualization (62). Some inflam-
matory markers are increased, such as IL-1b and
corticotropin-releasing hormone (63), as well as NK cells,
macrophages (64), and a spectrum of cytokines (65). The
role of the integrin family of cell adhesion receptors is related
to the cell to cell interactions that occur between the
conceptus and the endometrium that involve the ECM. Also
reported are increased levels of b-catenin (66) and L-selectin
(67), proteins that in part are involved with regulation of cell
to cell adhesion. The normal elevations of integrin beta-3 and
osteopontin are reduced in women with adenomyosis (68),
632
and lower serum osteopontin levels have been reported in
women with ‘‘focal’’ disease (69).

There is also evidence of decreased estrogen (E) meta-
bolism in eutopic endometrium (70). Increased E resistance
also is associated with a down-regulation of P receptors and
resulting P resistance (70, 71) and decreased P receptor
isoform B (72), perhaps related to methylation of the
promoter (73). Overall this suggests that adenomyosis may
be be related to epigenetic dysregulation of genes (73, 74).

Uterine peristalsis. As discussed above, the inner myome-
trium, an entity embryologically distinct from the outer my-
ometrial layers, is the structure that largely contributes to
uterine peristalsis. The thickening of this zone, seen best
with MRI, is a feature found in many if not most women
with adenomyosis. It does not take much to imagine that
involvement of this muscular layer with eutopic glands and
VOL. 111 NO. 4 / APRIL 2019
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stroma might adversely impact the normal peristaltic activity
thought necessary to facilitate sperm and embryo transport
within the endometrial cavity. An elegant experiment by
Kissler et al. (75), using radionucleotide techniques, demon-
strated that normal ipsilateral (to the follicle) uterotubal
transport was suppressed in women with diffuse
adenomyosis.

Evidence exists that higher uterine contraction fre-
quencies in natural (76) and stimulated cycles (77, 78), as
well as around ET (79, 80), are associated with a reduction
in conception, implantation, and live birth rates. There are
fewer data evaluating the impact of adenomyosis on
periimplantation uterine peristalsis, and the frequent
coexistence of endometriosis and adenomyosis has made
interpretation of the available literature difficult (24).

Local hyperestrogenism is thought to lead to increased
peristalsis of the subendometrial myometrium (inner myome-
trium or junctional zone), imposing supraphysiologic me-
chanical strain on the cells near the fundo-cornual raphe
that activates the tissue injury and repair system focally,
with further local production of E2 (50) (Fig. 1). The suggested
mechanism is activation of aromatase and sulphatase because
there are increased levels of E2 in menstual blood but not pe-
ripheral blood of women with adenomyosis (81). Paracrine
focal E production, possibly mediated by endometrial
oxytocin, increases the uterine peristalsis.

Impact of therapy on adenomyosis-related infertility. There
are limited data evaluating the impact of medical therapy,
surgical removal, and other procedural interventions on
adenomyosis-related infertility. Consequently, there is little
evidence available to help understand the relationship be-
tween adenomyosis and endometrial receptivity. Nonetheless,
there is some evidence from comparative but nonrandomized
studies that down-regulation with GnRH agonists for 1 to
3 months may improve pregnancy rates after frozen embryo
transfer in women with adenomyosis (82, 83). Given
evidence that long-term GnRH agonist therapy can result in
reduced local manifestations of adenomyosis, including
reduced tissue inflammation and angiogenesis as well as an
increased apoptotic index (84), one could hypothesize that
this approach could improve endometrial receptivity. Poten-
tial mechanisms could also include reducing local hyperestro-
genism thought to be related to dysfunctional inner
myometrial peristalsis discussed previously.

High-intensity focused ultrasound has been the subject of
a number of case reports and small uncontrolled studies eval-
uating its impact on fertility and pregnancy performance
(85, 86). These studies suggest, but do not prove, that high-
intensity focused ultrasound may improve pregnancy rates
by reducing disease burden, and there have been nomolecular
studies evaluating the impact on markers of endometrial
receptivity. No relevant investigation has been identified
related to other image-guided therapy, adenomyosis, and
infertility.

There have been a number of studies evaluating the
impact of adenomyomectomy or adenomyosis resection on
fertility that collectively have been the subject of systematic
reviews and, in some cases, meta-analysis (87–90).
VOL. 111 NO. 4 / APRIL 2019
Although there seems to be an improvement in fertility
outcomes, no comparative studies exist, and there do not
seem to be any evaluating the impact of conservative
surgery on surrogate outcomes, such as endometrial
expression of markers associated with receptivity.

Leiomyomas

Pathogenesis. Leiomyomas, often called fibroids or simply
myomas, are believed to be derived from a single leiomyoma
stem cell (91). Such cells seem to develop after a genetic ‘‘hit’’
on a normal myometrial cell that results in a point mutation in
the mediator complex subunit 12 (MED12) gene or the high-
mobility group AT-hook2 (HMGA2) gene. The latter resides
on the long arm of chromosome 12 (91, 92). There are three
cell populations in leiomyomas: well differentiated,
intermediate differentiation, and fibroid stem cells. Tumor
growth may vary depending on the relative proportions, so
that it is more rapid when there exists a higher proportion
of fibroid stem cells (93). Endocrine-disrupting chemicals,
potentially altered by environmental, racial, or ethnic factors,
may contribute to these genetic alterations in myometrial
stem cells (94–96). Tumor-initiating myometrial stem
cells are more prevalent in women of African ancestry
with fibroids and lowest in Caucasians without uterine
leiomyomas (97).

Leiomyomas contain E2 receptors, and E2 is associated
with proliferation of uterine smooth muscle cells (98, 99).
This allows for a response to systemically released as well
as to locally derived Es, including those that are the result
of conversion from androgens via the effect of aromatase
(100). However, leiomyoma stem cells express low levels of
E and P receptors, a circumstance that could suggest a
paracrine mechanism for control of growth.

A signaling pathway seemingly important in leiomyoma
growth is the Wingless Type (WNT)/b-catenin pathway that
targets the MED12 subunit that, if mutated, can result in in-
hibition of b-catenin transactivation in response to WNT
signaling. Activation of the WNT/b-catenin pathway is asso-
ciated with increased levels of TGF-b3, a factor secreted in
relatively high levels by leiomyomas under gonadal steroid
stimulation (101). It has been demonstrated that TGF-b3 plays
a role in cellular proliferation, deposition of extracellular ma-
trix (102), and paracrine effects on endometrial stromal and
columnar cells (23, 42, 103). It also functions to mediate the
production of BMP-2, which has been shown to mediate
HOXA-10 expression.

Ten years ago a systematic review demonstrated that sub-
mucous leiomyomas were associated with lower implanation
rates than in women without such tumors (3.0%–11.5% vs.
14%–30%) and an increased risk of early pregnancy loss
(47% vs. 22%) (104)—a notion supported by other investiga-
tors (105, 106). This hypothesis was also supported by a
meta-analysis by Pritts et al. (107). Intramural leiomyomas,
on the other hand, have a questionable impact on fecundity.
Although there is some evidence that they are associated
with increasing rates of pregnancy loss and reduced fecundity
(107, 108), other prospective studies show no such
relationship (109, 110).
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Submucous leiomyoma impact. There are a number of po-
tential mechanisms whereby leiomyomas may adversely
affect implantiation. These include abnormally increased
uterine contractility and disturbances in endometrial cytokine
expression, as well as abnormal vascularization and chronic
endometrial inflammation.

One mechanism that has undergone substantial evalua-
tion is down-regulation of BMP-2 receptors and resulting
BMP-2 resistance secondary to TGF-b3 produced by leiomyo-
mas adjacent to the endometrium. There is evidence that
HOXA-10 levels are reduced in the endometrium of women
with submucous leiomyomas, not only in the tissue that is
over the leiomyomas themselves but also in the endometrium
elsewhere in the endometrial cavity (42) (Fig. 2). This implies
the presence of a signaling mechanism that is thought to be
TGF-b3, which has been demonstrated to be increased in
the endometrium in women with submucous myomas, that
results in down-regulation of BMP-2 receptor expression in
endometrial stromal cells and resulting resistance to MBP-2
(103). This mechanism has been demonstrated to be associ-
ated with the reduced expression of factors such as HOXA-
10 and LIF and may explain defective decidualization and
reduced implantation success (23).

In the presence of submucous leiomyomas the normal
luteal phase increase in LIF is ‘‘blunted’’ (111), and defi-
ciencies have been shown to be associated with unexplaned
infertility and recurrent abortion (112). There is evidence
that IL-II levels are reduced in theWOI in womenwith submu-
cous leiomyomas (111).

Other investigators have demonstrated differences be-
tween inflammatory markers (macrophages, monocyte
chemotactic protein-1, and prostaglandin-F2a) of women
with submucous myomas, although these have not been
correlated with implantation or pregnancy outcomes (6).

Intramural myomas. Studies evaluating the role of ‘‘intramu-
ral’’ leiomyomas in the genesis of infertility in general, and
abnormalities in endometrial receptivity in particular, are
confounded by the variable definitions of intramural, and
of the methodology used to define the location of a leio-
myoma itself. Intramural myomas, by some definitions,
require the interposition of some amount of myometrium be-
tween the medial border of the leiomyoma and the endome-
trium, whereas others do not make this distinction and
include tumors that may abut the endometrium, even if
they do not distort the endometrial cavity. The method of
making the diagnosis—ultrasound, hysteroscopy, or MRI—
maywell impact the accuracy of the diagnosis, even if the def-
initions are agreed upon. The International Federation of
Gynecology and Obstetrics (FIGO) subclassification system
for leiomyomas (Fig. 3) has addressed this issue (113, 114),
but relatively few studies have used this system or an
equivalent definition when reporting methods for selecting
women with intramural myomas. Of course, there may be
other confounders as well, including tumor volume,
number, genetic heterogenity, and even the thickness of
intervening myometrium, that could explain differential
expression of molecules with an influence on endometrial
receptivity.
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The issue of defining the intramural leiomyoma should be
considered when interpreting the available evidence. For
example, although there is some evidence that there is an
adverse effect of intramural myomas on implantation rates
(105, 108, 115–118), including a systematic review (119),
other studies, including another systematic review (120),
have failed to support this hypothesis (110, 121–125). Some
studies have also shown that there is decreased HOXA-10
expression during the WOI, as well as lower endometrial
levels of E-cahedrin, a cell adhesion molecule in women
with intramural leiomyomas (126). Other evidence suggests
that subserosal leiomyomas and intramural tumors of
%4 cm in diameter do not impact IVF-ET rates but that intra-
mural myomas >4 cm in diameter were associated with
reduced pregnancy rates (124), findings similar to those re-
ported by others (104, 107, 110).

Although there may be changes in some endometrial
genes, expressions related to receptivity were not altered in
a large retrospective study that also correlated IVF-ET suc-
cess, which did not vary regardless of leiomyoma size or num-
ber (127). Although there were no clinical correlations, similar
results were published by investigators from University of
California, San Francisco, who evaluated endometrial gene
expression and function in women with intramural myomas;
although there were dysregulated transcripts, compared with
controls, there were no differences in the expression of recep-
tivity and decidualization markers (128).

Given the evidence that contact with the endometrium is
associated with impaired decidualization, it could be hypoth-
esized that ‘‘intramural’’ myomas that are in contact with the
endometrium may have a very different impact on implanta-
tion than those with myometrium between the myoma and
the endometrium. For example, a recent study that used the
FIGO classification system demonstrated that single or multi-
ple type 3 leiomyomas, R2 cm in diameter, individually or
collectively, were associated with a lower implantation rate
as well as a reduced rate of clinical pregnancy and delivery
(129). Biochemical pregnancy (29.1% vs. 51.4%), implanta-
tion (22.7% vs. 34.4%), clinical pregnancy (27.8% vs.
43.9%), and live birth rates (21.2% vs. 34.4%) were signifi-
cantly reduced in the women with type 3 myomas compared
with controls.

It has also not yet been demonstrated that myomectomy
improves pregnancy rates associated with type 3 leiomyomas
(107, 120). This suggests that the definition of ‘‘intramural’’
should be reviewed and that the FIGO leiomyoma
classification system should be considered when designing
future investigation.

Nonspecific myomas. There is a body of evidence examining
leiomyomas not specific to location. For example, although
fibroid size may be a determining factor, it was not shown
to be relevant in a meta-analysis performed and reported in
2009 (107). There have been studies on endometrial gene
expression based on leiomyoma size, demonstrating that
three genes (glycodelin and aldehyde dehydrogenase 3 family
member B2) were dysregulated when intramural myomas
were >5 cm in diameter, whereas only one (glycodelin) was
abnormal when myomas were smaller.
VOL. 111 NO. 4 / APRIL 2019



FIGURE 2

Impact of submucous leiomyomas on endometrial Hox-A10 messenger RNA expression. Investigators from Yale University found that submucous
leiomyomas were associated with reductions in Hox-A10 expression both over the leiomyoma and throughout the endometrial cavity (upper left).
On the other hand, the Hox-A10 expression in womenwith intramural myomas (upper right) was similar to that of womenwithout any leiomyomas
(lower left). Adapted from Rackow et al. (42), with permission.
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Mechanical stretch of the endometrium and/or myome-
trium can manifest in varying gene expressions (130–132).
Abnormal uterine contractions have been demonstrated in
the luteal phase of women with leiomyomas, using cine
MRI (133). During the WOI in women with ‘‘intramural
fibroids,’’ high-frequency peristalsis, as opposed to low fre-
quency contractions, have been associated with 0 of 22 preg-
nancies, as opposed to 10 of 29 (134).

Impact of myomectomy and image-guided therapy. There is
evidence from a meta-analysis of randomized trials that hys-
teroscopic myomectomy improves spontaneous pregnancy
rates by 21%–39%. However even this study had too few sub-
jects to achieve significance (34), although a subsequent ran-
domized controlled trial came to the same conclusions (135).
Interestingly, in the one study that has evaluated surrogate
markers for receptivity, intramural but not submucous myo-
mectomy was shown to result in increased HOXA-10 levels
(136). No prospective comparative studies could be found.

Although there have been cases series and systematic re-
views of pregnancy after radiofrequency ablation (137, 138),
MR-guided focused ultrasound (138, 139), and uterine artery
VOL. 111 NO. 4 / APRIL 2019
embolization (140, 141), none have provided information
that would seem to be useful in understanding the
relationship between leiomyomas and endometrial
receptivity.
SUMMARY: SO WHAT DO WE KNOW?
In review, and especially when we look for them, polyps, ad-
enomyosis, and leiomyomas are found commonly both in
women who are symptomatic and in those who are not, and
in our patients with infertiity as well as those who conceive
and deliver with relative ease. Because of our relative ready
access to hysteroscopy, MRI, and high-resolution ultrasound
techniques, we can now can more readlly characterize these
entities in infertile women and those with recurrent early
pregnancy loss. However, the frequent presence of these dis-
orders begs the questions of when and how: When are they
clinically relevant, and how do we evaluate women for rele-
vant disease? It is apparent that there exist features of these
polyps, adenomyosis, and leiomyomas, beyond their mere
presence, that determine when andwhether they will manifest
635



FIGURE 3

The FIGO Leiomyoma Classification System (System 2). This system was developed to guide research and clinical care for women with abnormal
uterine bleeding, but the leiomyoma subclassification system applies equally well to research into infertility and reproductive loss (113, 114).
Munro. Uterine factors in embryo implantation failure. Fertil Steril 2019.
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with symptoms, including infertility and recurrent pregnancy
loss. Indeed, it seems likely that we are dealing with disorders
that are extremely heterogenous in their impact, in part
because of volume, number, and location, but largely related
to their molecular impact on the mechanisms of sperm and
embryo transport and on implantation and early embryonic
developemnt.

So where are we? Endometrial polyps are common, but
there is precious little proof that they cause or contribute to
infertilty in general and implantation failure in particular.
Of course, we have not even defined polyps in a consistent
fashion—an observation that points to the need for some
sort of universal classification system to provide an infra-
structure for research and subsequent clinical management.
For example, there may well be differences in the impact on
endometrial receptivity of a single 5-mm polyp and that of
a cluster of 2-cm lesions filling the endometrial cavity. Our
appetite for rigorous research on endometrial polyps may be
blunted by the fact that they are easy to remove, especially
if the clinician has access to an environment where hystero-
scopic polypectomy can be performed in an office setting un-
der local anesthesia.

Adenomyosis remains an enigma. Although overall the
evidence suggests that fertility is adversely affected, many in-
vestigators using IVF and ET have had a difficult time even
identifying any clinical impact of adenomyosis in their
subject-patients. I suspect that the investigators from Milan
are on to something when they evaluated the impact of
asymptomatic adenomyosis on ET success—the asymptomatic
women studied seemed to have success reates similar to those
of historical controls without symptoms (56). To me, and tak-
ing into account the overall impact of adenomyosis on ET
636
success, this points to intrinsic differences in histologically
similar disease processes in individuals that likely manifest
in some combination of abnormal molecular expressions
and dysfunctional myometrial contractility.

Unlike endometrial polyps and even leiomyomas,
removing adenomyosis is not easy, so embarking on adeno-
myomectomy should be done only in women for whom a
benefit may exist. Not long ago such surgery would be seen
as folly, but it is apparent that women undergoing adenomyo-
mectomy can conceive, although usually with IVF-ET and, at
least in diffuse disease, with a greater risk of uterine rupture in
later gestations. Our understanding of the impact of medical
interventions designed to minimize the abnormal molecular
expressions, or image-guided ablative therapy using ultra-
sound or radiofrequency electrical energy, is currently ‘‘em-
bryonic’’ in terms of their development and assessment,
with no good data available regarding appropriate patient se-
lection, relevant patient outcomes, or subsequent pregnancy
risks.

Perhaps we know most about the role of leiomyomas on
endometrial receptivity—but it is not really much. There is
reasonable evidence that submucous leiomyomas produce
substances that can alter the endometrial milieu in the mid-
luteal phase in a way that is associated with reduced implan-
tation success. In this regard, it can generally be inferred that
removing FIGO type 0, 1, and 2 tumors should improve
fertility and that type 5, 6, and 7 tumors are unlikely to
have any impact on endometrial receptivity. However, when
faced with type 3 and 4 tumors we are currently at a loss,
because we are short of proof of any impact but also short
of evidence; and every day, women with such leiomyomas
are seen by reproductive surgeons and endocrinologists who
VOL. 111 NO. 4 / APRIL 2019
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have to opine regarding the potential impact of these tumors
on endometrial receptivity on the basis of perception rather
than evidence-supported measurement of the patient's endo-
metrial environment.

It would seem that the tools are there to measure what is
going on in the endometrium and, to an extent, the myome-
trium. We known that there are molecular alterations—it is
time that we put this information to work.
EVIDENCE GAPS AND SUGGESTED RESEARCH
1. General

a. It is likely that all of the polyps, adenomyosis, and leio-
myomas' structural entities are heterogenous with respect
to their genetic construct and molecular expressions, so
the notion that imaging alone can or should be the only
means by which interventions should be recommended
or avoided seems inadequate. Consequently, molecular
testing should be included.

b. Evaluation should be standardized with respect to cycle
time and the components of the testing paradigm.

c. Baseline and postintervention molecular evaluation
should be considered for all pathologies.

d. The role that all structural anomalies play in periconcep-
tual and peri-implantation uterine peristalisis should be
evaluated and should be correlated with molecular and
other surrogates.

2. Polyps

a. A universally accepted classification system is necessary to
guide design and interpretation of polyp research.

b. Investigation should be undertaken to identify correlations
between polyp size, number, location, and appearance and
relevant molecular expressions.

c. It will be important to evaluate the impact of polypectomy
on women with abnormal receptivity-related molecular
expressions in the WOI.

3. Adenomyosis

a. A universally accepted classification system for adeno-
myosis is needed, one that would facilitate the design
and interpretation of both basic and clinical research
(such a process is underway at FIGO).

b. Investigators should design studies evaluating the impact
of adenomyosis, with and without endometriosis, on uter-
ine peristalsis around spontaneous and stimulated cycles.
as well as around embryo transfer.

c. Molecular and other local indicators of impaired endome-
trial receptivity should be compared with clinical features,
such as disease burden, location, and symptoms, including
dysmenorrhea and heavy menstrual bleeding.

d. Structured research on the impact of short-term medical
therapy on molecular expressions of receptivity and on
conception should be a priority.

e. Evaluation of the impact of adenomyomectomy, carefully
determining disease burden, and including changes in mo-
lecular expressions of endometrial receptivity.

4. Leiomyomas
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a. Research should be conducted using the FIGO subclassifi-
cation system and consistent and accurate methodology
for categorizing leiomomas.

b. It is important to repeat and expand upon studies of endo-
metrial receptivity expressions with type 1, 2, 3, and 4 leio-
myomas, both over the tumor and elsewhere in the
endometrial cavity

c. Pre- and postmyomectomy studies, carefully designed to
appropriately categorize leiomyomas by type and other fea-
tures, should be performed to evaluate and compare changes
in endometrial expressions compared with baseline.

d. There should be an evaluation of the impact of novel med-
ical interventions on molecular expressions, including se-
lective P receptor modulators and GnRH antagonists. Such
studies should seek to determine whether there is a pro-
longed effect that persists beyond their systemic impact.

e. There are a number of new procedural interventions for
leiomyomas that have undergone evaluation and regulato-
ry approval based on changes in uterine bleeding. These
should be evaluated from a fertility perspective and include
transabdominal and transcervical radiofrequency abla-
tion, as well as MR-guided focused ultrasound. Such
studies should include baseline and postintervention mea-
sures of endometrial receptivity.

f. With the advent of agents designed to provide long term
medical therapy for leiomyomas, it will be important to
evaluate their role in secondary prevention following myo-
mectomy, particularly in young patients.
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