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Abstract
Purpose Chronic endometritis (CE) is a frequent hysteroscopic and histological finding which affects embryo transfer implan-
tation during IVF-ICSI cycles. In particular, CE impairs proper decidualization and, subsequently, implantation. Although this
correlation has been clearly clarified, a pathophysiological explanation assembling all the studies performed has not been
elucidated yet. For this reason, we have structured a systematic review considering all the original articles that evaluated a
pathological element involved in CE and implantation impairment.
Methods The authors searched electronic databases and, after screening, collected 15 original articles. These were fully scanned
and used to create a summary pathway.
Results CE is primarily caused by infections, which lead to a specific cytokine and leukocyte pattern in order to prepare the uterus
to fight the noxa. In particular, the immunosuppression requested for a proper semi-allogenic embryo transfer implantation is
converted into an immunoreaction, which hampers correct embryo implantation. Moreover, endometrial vascularization is
affected and both irregular vessel density and luminal thickening and thrombosis reduce what we have first identified as
endometrial flow reserve. Finally, incorrect uterine wave propagation could affect embryo contact with decidua.
Conclusion This is the first summary of evidence on CE pathophysiology and its relationship with infertility. Understanding the
CE pathophysiology could improve our knowledge in embryo transfer success.

Keywords Chronic endometritis . Infertility . Pathophysiology . IVF .Embryo transfer .Recurrentpregnancy failures .Recurrent
pregnancy loss

Introduction

Chronic endometritis (CE) is a persistent inflammatory disor-
der of the endometrial lining, characterized by superficial en-
dometrial edematous change, high stromal cell density, disso-
ciated maturation between epithelium and stroma, and infil-
tration of endometrial stromal plasmacytes (ESPCs) [1–5].
The pathogenesis of CE seems to be related to a qualitative
and quantitative alteration of endometrial microbioma, with

the abnormal proliferation of different types of microorgan-
isms, mainly gram-negative and intracellular bacteria (i.e.,
Enterococcus faecalis , Mycoplasma , Ureaplasma ,
Chlamydia, Escherichia coli, and Streptococcus spp.) [2,
6–9]. As proof of the infectious etiology of CE, several studies
have found that specific antibiotic cycles can cure CE in the
majority of patients [1, 7, 10].

In most cases, women with CE are asymptomatic or dis-
play mild disturbances, such as abnormal uterine bleeding
(AUB), dyspareunia, pelvic discomfort, and leukorrhea
[11–13]. Moreover, CE cannot be identified by ultrasound
examination due to a lack of specific ultrasound markers [8].
For these reasons, CE is often overlooked or diagnosed inci-
dentally during the diagnostic workup of different gynecolog-
ical disorders including AUB, infertility, or chronic pelvic
pain [14].

Fluid hysteroscopy plays a central role in the diagnostic
challenge of CE. This technique allows the identification of
some endometrial modifications that are specific for CE (i.e.,
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focal or diffuse micropolyps, stromal edema, focal hyperemia,
strawberry aspect, and endometrial hemorrhagic spots), as re-
cently demonstrated by our group [15].

The current gold standard for CE diagnosis is endometrial
biopsy with histological analysis, where the detection of plas-
ma cells within endometrial stroma is the main diagnostic
marker [7]. A plasma cell is a type of white blood cell which
is derived from B lymphocytes; it is capable of secreting im-
munoglobulins and is the main cell responsible for humoral
immunity. Different studies have shown that traditional stain-
ing with hematoxylin and eosin (H&E) may be not sufficient-
ly accurate for highlighting endometrial plasma cells due to
their morphological similarities with fibroblasts. Differently,
the immunohistochemical staining for CD138 was associated
with lower intra- and interobserver variability between pathol-
ogists in the detection of plasma cells and has now become the
reference standard technique for diagnosing CE [16–18].

During the last several decades, CE has attracted a great
deal of attention among scientists and fertility care providers
due to its potential association with reproductive issues. In
particular, several studies have found that CE is highly prev-
alent among women suffering from unexplained infertility
(from 40.7 to 55.7%), recurrent IVF failures (from 13.95 to
57.55%), and repeated early pregnancy loss (from 42.9 to
56%). Importantly, adequate therapy of CE can lead to a com-
plete normalization of endometrial histology and to the resto-
ration of the reproductive function in women with CE
[19–24].

In recent years, many authors have investigated the possi-
ble mechanisms by which CE may hamper the reproductive
health of the endometrium, but the pathophysiological path-
way has not been fully assessed yet. In this present study, we
aimed to provide the first summary of evidence on the patho-
physiological mechanisms involved in CE-related reproduc-
tive impairment.

Materials and methods

Study design

This is a systematic literature review on the pathophysiologi-
cal mechanisms involved in CE-related reproductive issues.
As it was a review of published data, institutional review
board approval was not required.

Search strategy

Electronic databases (ScienceDirect, MEDLINE, Scopus,
Embase, the Cochrane Library, Clinicaltrials.gov, EU
Clinical Trials Register, and the World Health Organization
International Clinical Trials Registry) were searched for
articles indexed from the inception to September 2019. The

search was conducted adopting the following keywords:
“chronic endometritis AND (infertility OR fertile OR
fertility OR miscarriage OR implantation failure OR
implantation OR endometrial receptivity OR decidualization
OR ART OR IVF OR mechanisms OR causes OR pathway
OR pathophysiology).” Furthermore, the reference list of all
identified articles and reviews were accurately examined to
avoid any missing data.

Inclusion criteria

All the studies assessing the pathophysiology of infertility in
women with CE were evaluated. Chronic endometritis was
defined as a chronic inflammation of endometrium, diagnosed
by the histologic presence of one or more plasma cells in the
endometrial stroma in the entire section. Articles evaluating
other types of endometrial inflammation (such as acute, sub-
acute, or tubercular endometritis) were not included.

No restrictions on the year of publication were applied. The
search and the selection criteria were restricted to English
language and only studies with full text available were con-
sidered suitable for inclusion.

We included only original articles both on humans and
animals. However, we did not find any animal study which
matched our inclusion criteria. Reviews, systematic reviews
and meta-analysis were excluded. The studies evaluated were
primarily case-control studies, cohort studies, and retrospec-
tive studies.

Study selection and data extraction

The electronic and reference list searches were performed in-
dependently by G.B., R.C., and C.M.S. These investigators
then screened titles and abstracts. The results were then com-
pared and any disagreement was resolved by discussion with
other reviewers (E.C. and A.V.).

Included studies

The electronic search identified 419 records. Forty-one full-
text articles were evaluated, of which 26 were excluded. A
total of 15 manuscripts were considered eligible for inclusion
in the study. Table 1 shows the main characteristics of the
studies considered.

Fifteen studies performed hysteroscopy (Carvalho 2013
Cicinelli 2008, Cicinelli 2009, Di Pietro 2013 Di Pietro
2018, Kitaya 2010, Kitaya 2014, Kushnir 2016, Liu 2019,
Matteo 2009, Mishra 2008, Moreno 2018, Pinto 2015,
Wang 2019, Wu 2017). One study performed vaginal swab
(Cicinelli 2008). Nine studies performed biopsy via Novak
curettage (Cicinelli 2008, Cicinelli 2009, Di Pietro 2013,
Kitaya 2014, Matteo 2009, Mishra 2008, Moreno 2018,
Wang 2008, Wu 2017). On the other hand, 2 studies
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performed biopsy via Pipelle (Di Pietro 2018, Liu 2019). One
study performed blind endometrial biopsy (Carvalho 2013).

The time of intervention was different. Carvalho (2013)
performed biopsy between 10 and 5 days post ovulation.
Cicinelli (2008, 2009), Di Pietro (2018), Matteo (2009), and
Moreno (2018) carried out the biopsy during the follicular
phase. By contrast, Di Pietro (2013) and Mishra (2008) per-
formed the intervention in the secretive phase. Liu (2019)
administered biopsy on day 7 from luteinizing hormone
(LH) surge. Kitaya (2010) performed biopsy from days 6 to
8 post LH surge. Kitaya (2014) conducted the procedure from
days 6 to 12 post period, and Wang (2019) from day 8 to 12
post period. Wu (2017) from days 7 to 8 after predicted ovu-
lation. Finally, Matteo (2009) performed biopsy on the late
secretive phase.

Moreover, in order to perform a microbiological study, 4
studies used cultures (Cicinelli 2008, Cicinelli 2009, Moreno
2018 and Wu 2017).

Only one study performed vaginal ultrasound evaluation
(Pinto 2015).

Gene expression profiling RT-PCR was used in 8 studies
(Cicinelli 2008, Cicinelli 2009, Di Pietro 2013, Di Pietro
2018, Liu 2019, Moreno 2018, Wang 2019, Wu 2017).
Three studies used immunohistochemistry (Mishra 2008,
Wang 2019, Wu 2017). Three studies used immunoassay
(Kitaya 2014, Wang 2019, Wu 2017). One study examined
serum (Kushnir 2016) and another study performed antibody
labeling and flow cytometry (Matteo 2009).

Results and discussion

Chronic endometritis (CE) is a disease characterized by one
main feature: inflammation. Actually, while the biopsy find-
ings are defined and classified, the pathophysiological path-
way is still unclear. Moreover, the relationship between CE
and infertility or repeated implantation failure is still under
investigation.

Firstly, it must be considered that implantation is the result
of a complex interaction between the blastocyst and the endo-
metrium. Different signaling pathways participate in this
unique biological link and an appropriate endometrium is re-
quested for the implantation success. This unstable balance
can easily be altered by embryonic factors (and this is not
our study concern) or endometrial factors. In this case, CE is
what inhibits the endometrial ability to achieve a successful
implantation.

Our pathophysiological model starts with the following
consideration: CE inflammation ismainly caused by infection.
Different microorganisms have been detected and various an-
tibiotic protocols have enhanced IVF success after administra-
tion in CE infertile women. However, we are of the opinionT
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that the infection is only a trigger of a more complex sequence
that consists of an academically organized flowchart.

An altered cytokine and chemokine secretion induces al-
tered leukocyte population recruitment. These two conditions
impact on uterine contractility, endometrial function in
decidualization, and receptivity and vascularization. The main
role is played by autophagy, which is necessary for achieving
implantation.

Infection and autoimmunity

In the majority of patients with CE, microbiological analyses
(cultures or RT-PCR analyses) are positive for endometrial
microorganisms. However, there are also specific cases in
which we are unable to identify any microorganisms, or the
microorganism is not culturable, raising the doubt of a possi-
ble autoimmune pathogenesis of CE. It is to be noted that CE
is characterized by plasma cell infiltrates, which are associated
with practically all organ autoimmune responses, including
rare autoimmune diseases of the reproductive system (i.e.,
autoimmune oophoritis). To test the hypothesis of CE as an
autoimmune condition, a recent study (Kushnir et al. 2016)
[25] compared different inflammatory and autoimmune
markers between infertile women with CE versus infertile
women without CE. The authors failed to demonstrate differ-
ent values of total immunoglobulins, antinuclear antibodies,
thyroid antibodies, and antiphospholipid antibodies between
the two groups under comparison (p > 0.05), drawing the con-
clusion that CE does not have a substantial autoimmune com-
ponent. Although these results need further confirmation, the
hypothesis of an autoimmune-driven CE cannot be sustained
at present. Accordingly, our model starts considering infec-
tions as the main immune trigger for CE.

As is already known, the uterine cavity is not sterile in
physiological conditions, but is inhabited by a plethora of
microorganisms mainly belonging to Lactobacilli species.
Therefore, the isolation of endometrial microorganisms does
not necessarily correlate with endometrial inflammation [26].
Cicinelli et al. investigated CEmicroorganisms by performing
both hysteroscopic and histologic exams, in addition to endo-
metrial and vaginal cultures [2, 9]. The findings can be sum-
marized as follows:

1 CE endometrium showed a prevalence of common bacte-
ria. In particular, streptococci were found in 27.9% of
cases and bacteria from intestinal flora (Enterococcus
faecalis and Escherichia coli) were detected in 25.5% of
cases. Ureaplasma urealyticum was detected in 10.0%,
and Chlamydia in only 2.7% of cases. No cases of
N. gonorrhoeae were found.

2 Endometrial, vaginal, and endocervical cultures in CE
women were compared to investigate the percentage of
concordance with the etiologic agent. There was a

statistically significant difference for Streptococcus,
Staphylococcus, E. faecalis, and U. urealyticum (which
were found to be more prevalent in vaginal than in endo-
metrial samples).

3 Both vaginal and endocervical cultures have low concor-
dance with endometrial cultures. In particular, positive
Staphylococcus endometrial cultures did not have any pos-
itive vaginal findings. On the other hand, Chlamydia has a
100% concordance between endometrial culture and
endocervical culture. By contrast, in the majority of cases
which proved positive for Ureaplasma and yeast, the mi-
croorganisms were also detected at the vaginal level.

However, bacteriological cultures are limited to those mi-
croorganisms that are able to grow under traditional culture.
About 10% of cultures were negative in the endometrium
suffering from CE (with histological diagnosis), and this was
ascribable to the presence of other microorganisms (viruses or
non-culturable bacteria) or the presence of autoimmune
factors.

Moreno (2018) reported other results. In particular, strep-
tococci were the most abundant bacteria detected (47%),
fo l lowed by ente rococc i (15%), E. col i (12%) ,
K. pneumoniae (5%), staphylococci (3%), and Mycoplasma
hominis (2%) [8]. These results are quite similar to previous
findings and, specifically, it is generally accepted that strepto-
cocci are the most prevalent microorganism in CE endometri-
um. Interestingly, G. vaginalis was detected in 7% of the
samples analyzed and this is in line with Liu 2019, who found
an increase in CE endometrium [27]. On the other hand,
C. trachomatis and N. gonorrhoeae were undetectable in all
tested samples, which is in agreement with the limited role of
sexually transmitted disease in the CE pathogenesis of previ-
ous studies [8].

Liu (2019) studied CE microbioma on the 7th day after the
LH peak (midluteal phase), the most favorable period for pos-
sible implantation, with PCR [27]. The main findings are that
CE endometrial cavity shows a lower percentage of
Lactobacillus species which are negatively correlated with
Gardne r e l l a , Anae ro c o c c u s , F in ego l d i a , a nd
Staphylococcus. These are reported to be associated with pre-
term delivery and bacterial vaginosis. Lactobacillus species
are, indeed, known to inhibit other bacteria by producing hy-
drogen peroxide and lactic acid. For this reason, Lactobacillus
plays a major role as protective bacteria against dangerous
microorganisms [28]. Table 2 summarizes the percentage of
all the different species detected in these 4 studies [2, 8, 9, 27].

In conclusion, both an increase in dangerous microorgan-
isms and a decrease in protective microorganisms can lead to
potential uterine damage. The link between infections and the
development of inflammation is a clear pathway step, since a
vast number of studies have clarified that organ inflammation
diseases can be caused by microorganisms. To clarify, HAV,

2902 J Assist Reprod Genet (2020) 37:2897–2911



HBV, and HCV are well-known causes of chronic hepatitis
and this can lead both to cirrhosis and liver hepatocarcinoma.
On the other hand, Alzheimer’s disease is now also related to
viral infections such as Human herpesvirus 1 (HHV-1),
Cytomegalovirus (CMV), and Human herpesvirus 2 (HHV-
2) [29]. For this reason, it seems reasonable that an organ
which is more prone to extra-corporeal contamination can
also develop a chronic inflammatory disease. In particular,
the link between infections and inflammation is the first
step in our pathway and it is mediated by an interaction
between inflammation stimuli such as microbial products,
interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor ne-
crosis factor-α (TNF-α), and toll-like receptors (TLRs),
IL-1 receptor (IL-1R), IL-6 receptor (IL-6R), and the
TNF receptor (TNFR) [30]. Lipopolysaccharide, in partic-
ular, is the major component of the outer membrane of
gram-negative bacteria and the ligand to toll-like receptor
4 expressed on their host cells. For this reason, lipopoly-
saccharide derived from gram-negative bacteria may be a
trigger and mediator of chronic endometritis.

Cytokine dysregulation

Cytokines are inflammation mediators. Infection causes an
aberrant local microenvironment due to an altered secretion
of paracrine factors. Moreover, the endometrial microvascular
endothelium plays a critical role by mediating the recruitment
of leukocytes. In particular, the following signaling pathways
have been reported in association with CE:

1 CE downregulates IL-11 expression. A possible expla-
nation can be found in miR-124-3p upregulation, which
is a negative modulator of IL-11 [31, 32]. To clarify,
IL-11 activity, binding to IL-11R alpha, helps tropho-
blast invasion by inducing endometrial epithelial adhe-
sion molecule mRNA expression. Moreover, IL-11
plays a key role in decidualization, since it progresses
progesterone-induced decidualization of human endo-
metrial stromal cells, and in endometrial vasculariza-
tion, promoting angiogenesis and/or remodeling of the
maternal vasculature [33].

Table 2 microorganism
percentage detected at CE
biopsies

Authors and years Analysis method Microorganisms detected in CE endometrium

Cicinelli 2008 Hysteroscopic and histologic exam,
microorganism cultures.

Streptococci 27,9%

Intestinal flora (Enterococcus
faecalis and Escherichia coli) 2.5%

Ureaplasma urealyticum 10%

Chlamydia 2.5%

Staphylococci

Neisseria gonorrhoeae 0%

Cicinelli 2009 Microorganism cultures, PCR Streptococci 28,7%

Intestinal flora (Escherichia coli,
Enterococcus faecalis) 26,6%

Ureaplasma urealyticum 11%

Chlamydia trachomatis 2,8%

Staphylococci 4%

Moreno 2018 PCR Streptococci 47%

Enterococcus faecalis 15%

Escherichia coli 12%

Gardnerella vaginalis 7%

Staphylococci 3%

Mycoplasma hominis 2%

Chlamydia 0%

Neisseria gonorrhoeae 0%

Liu 2019 PCR (vs non-CE endometrium)

Lactobacilli ↓

Atopobium ↑

Bifidobacterium ↑

Gardnerella ↑

Prevotella ↑

Stenotrophomonas ↑

Others ↑

2903J Assist Reprod Genet (2020) 37:2897–2911



2 CE downregulates CCL-4. CCL-4 is a chemokine that
attracts natural killer (NK) cells and macrophages, whose
activity is important for implantation, as they produce an-
giogenic factors, such as vascular endothelial growth fac-
tor (VEGF) promoting spiral artery remodeling which sup-
ports the implantation of the trophoblast. Specifically,
CCL-4 can be responsible for uterine NK recruitment from
plasma NK cells [31].

3 CE upregulates IGFBP-1, whose expression is normally
increased during decidualization [31]. However, Wu et al.
(2017) found a discordant result regarding IGFBP-1 [34],
which is downregulated in CE. In addition to this, it must
be considered that IGFBP-1 is a modulator of trophoblast
invasion, and specifically a negative modulator [35].
Probably, IGFBP-1 is a regulator of decidualization, acting
as a damper of this complex interaction between embryo
and decidua.

4 CE downregulates IGF-1, which mediates the effects of es-
trogen on endometrial proliferation during the proliferative
phase of the endometrial cycle. An explanation can be found
on the role of miR-27a-3p, which is a negative modulator of
IGF-1 and is upregulated in CE. A significant anti-correlation
ratio was found for miR-27a-3p and IGF-1 [31, 32].

5 CE upregulates both BCL-2 and BAX. BCL-2 inhibits
CASP-8, which is a pro-apoptotic gene and has a role in
endometrial decidualization. The BCL-2 overexpression
in women with CE makes the endometrial cells more re-
sistant to apoptosis. However, BAX partially counteracts
BCL-2 [31]. It is possible that this is related to an unstable
balance between proliferation and commitment of endo-
metrial cells (see the “Altered autophagy” section).

6 CE enhances selectin E expression in endometrial micro-
vascular endothelium. Selectin E is not normally found in
microvessels of non-pathological endometrium. In particu-
lar, selectin E expression is stimulated by IL1b, TNF-a, and
lipopolysaccharide [24]. However, selectin E has a clarified
role in trophoblast migration within decidual spiral arteri-
oles. For this reason, we can infer that a correct balance
between selectin E and other selectins (L or P) is necessary
for successful implantation, and an excessive expression of
selectin E leads to inappropriate trophoblast invasion [36].

7 CE enhances CXCL13 expression in endometrial micro-
vascular endothelium, when it is normally found only on
endometrium surface. CXCL13 expression is only en-
hanced by lipopolysaccharide. It is likely that CXCL13
plays a role in selective recruitment of circulating naive
B cells into the endometrium and has a key role on sus-
taining inflammation [24].

8 CE enhances CXCL1 expression in endometrial glandular
epithelium, when it is usually not detectable and confined
in the stroma. CXCL1 expression is enhanced by lipopoly-
saccharide [24] and, as above, it can have a key role in
attracting stromal B cells into glandular epithelium [37].

9 In CE endometrium, there is an increase in IL-17 expres-
sion and a decrease in IL-10 and TGF-β1 expressions than
in non-CE endometrium [38]. IL-10 and TGF-β1, in par-
ticular, are anti-inflammatory modulators and are secreted
by Tregs. For this reason, they are both markers and me-
diators of a decreased inflammatory suppression and uNK
cell recruitment [39].

Moreover, there is growing interest regarding the impor-
tance of mi-RNA regulation in CE. Recently, mi-RNA com-
position of exosomes has been studied in cows. In particular,
exosomes are intercellular communication medium released
by the endometrial epithelium into the uterine cavity and are
involved in the transfer of signaling proteins (miRNAs and
mRNAs) to either the embryo or adjacent endometrium. A
difference between CE and non-CE endometrium has been
identified, which requires further investigation. In particular,
118 miRNAs were found differentially expressed in the
exosomes of cows without and those with endometritis. In
those with CE, 52 miRNAs were found downregulated and
66 upregulated [40].

Women with CE have an altered endometrial expression in
genes involved in inflammatory, cell proliferation, and apo-
ptosis processes. CE is associated with shifted cytokine milieu
toward Th17 over Treg immunity in endometrium. These
findings support the notion that CE is associated with in-
creased pro-inflammatory immune responses, which is often
related to poor pregnancy outcomes [38]. CE upregulates both
BCL-2 and BAX genes. As apoptosis is an important physio-
logical mechanism in maintaining homeostasis during the
menstrual cycle and in early phases of pregnancy, the altered
anti- to pro-apoptotic factors ratio in women with CE could
affect pregnancy-mediated tissue remodeling during blasto-
cyst implantation and placental development in the uterus.
Moreover, the prevalence of anti-apoptotic effect may explain
the abnormal endometrial proliferation that is observed in
women with CE, with the formation of endometrial
micropolyps and, possibly, macropolyps [31]. Moreover,
chronic inflammation may even predispose to endometrial
carcinogenesis [41], even if this speculation needs robust sci-
entific confirmation. CE is associated with the local release of
different pro-inflammatory and oncogenic mediators such as
nitric oxide (NO), cytokines (IL-1β, IL-2, IL-6, and TNF-α),
growth factor, and chemokines. These mediators may make
the endometrial inflammatory microenvironment more vul-
nerable toward tumorigenesis [42].

Leukocyte infiltration

After cytokine hyper-expression, a new microenvironment is
created in the endometrium, whose primary aim is no longer
implantation, but immune defense against an exogenous
agent. In a normal endometrium, B cells can be found in
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endometrial stroma, but not in surface epithelium, glandular
epithelium, or glandular lumina. In CE, B cells are recruited in
the functional layer and single cells can be found between
epithelial cells and within gland lumina. On the other hand,
T cells, NK cells, macrophages, and neutrophils do not show a
different pattern compared with non-pathological endometri-
um [24, 43, 44]. For this reason, it can be assumed that CE
inflammation relies on a B cell response. More specifically,
CE is characterized by a specific Ig-class expression. CE en-
dometrium has a higher density of Ig-bearing endometrial
stromal cells than in physiological endometrium. The density
of IgM+, IgA1+, IgA2+, IgG1+, and IgG2+ is higher, but
IgG2+ is the most predominant and peculiar Ig-class in CE
[45]. In particular, IgG2 is the main effector against bacterial
capsular poly-saccharide antigens [46]. For this reason, this
unique Ig subclass expression in CE is likely to result from in
situ production of endometrial plasmacyte infiltrates as a re-
sponse to infectious trigger [45].

Over the last 30 years, there has been growing interest in a
peculiar class of leukocytes in relation to embryo implanta-
tion, namely the uNK. These cells have been detected in areas
of stromal decidualization, including progesterone-treated en-
dometrium, intrauterine decidua in ectopic pregnancy, and
extrauterine decidua in normal pregnancy. They probably play
a role in correct decidualization by promoting adequate vas-
cular remodeling [47, 48]. In CE, during the endometrial se-
cretory phase, the endometrium showed a lower percentage of
uterine NK cell (CD56+ CD16- and CD56brightCD16-) [49].
This finding may suggest that a different leukocyte pattern
may affect endometrial decidualization in CE and, subse-
quently, embryo implantation. Furthermore, in order to clarify
the immunomodulation role of uNK cells, we considered that
uNK cells, but not peripheral blood NK cells, were found to
selectively express the genes of immunomodulatory proteins.
In particular, they express glycodelin and galectin-1,
tetraspanins, integrins, lectin-like receptors, and inhibitory re-
ceptors in early pregnancy (KIRs) providing a locally immu-
nosuppressive environment at the maternal-fetal interface
[50–53].

Thus, uNK are probably involved in both proper endome-
trial vascularization and immunomodulation. On the contrary,
in CE endometrium, a decrease in these cells is observed
which may probably impair implantation.

With regard to T lymphocytes, Matteo et al. found a higher
percentage of CD3+ cells in CE endometrium and, in partic-
ular, the percentage of CD4 cells resulted significantly higher
[49]. Interestingly, previous studies have confirmed the im-
po r t an t r o l e o f T r eg ce l l s i n r egu l a t i ng loca l
immunomodulation during the implantation window. The
semi-allogenic embryo transplantation is tolerated by a pecu-
liar balance of Th1/Th2 and Th17/Treg cell immune responses
[54]. In particular, Tregs suppress maternal alloreactive im-
mune responses against paternal antigens in trophoblast

thanks to the production of TGF-β and IL-10, anti-
inflammatory mediators. Moreover, among the CD4+ T cells,
approximately 10 to 30% express the Treg transcription factor
FOXP3. A complex interaction between uNK and Tregs and
proper vascularization and decidualization are under study.
For this reason, an unstable balance of T cells can affect the
acceptation of the embryo by the endometrium [39].

Altered uterine contractility

Under normal conditions, a varied wave contractility pattern is
present in the endometrium for the duration of the menstrual
cycle. From an academic perspective, the contractility waves
can be divided into three patterns: fundus to cervix (antero-
grade), cervix to fundus (retrograde), opposing (conflicting
waves starting simultaneously on the fundus and the cervix
and meeting in the middle of the uterus), not propagating
(myometrial activity starting chaotically from different sites),
and absent. In addition, cycle-dependent changes can also be
observed in the characteristics of endometrial wave (EW) pat-
terns. More specifically, during the early follicular phase an-
terograde, EWs predominate and are characterized by high
amplitude and frequency. For the duration of the periovulatory
phase, EWs are, for the most part, retrograde. EW activity is,
to a large extent, absent throughout the secretory phase. From
a physiologic and clinical perspective, it has been speculated
that the purpose of anterograde EW is to empty the uterine
cavity during the menstrual and early proliferation phases. It
may be that retrograde EW during the periovulatory phase is
connected with the active transport of sperm from the vagina
to the fallopian tubes, while the quiescent status in the luteal
phase may facilitate the process of embryo implantation
[55–58].

Pinto et al. in 2015 studied the uterine contractility in non-
pregnant women with CE and demonstrated that cycle-
dependent uterine contractility is altered in women affected
by CE [59]. In particular:

1 CE EW showed a 3.3 times lower occurrence of retrograde
contractions during the periovulatory phase compared
with non-CE uterus.

2 CE EW in midluteal phase showed a propagating contrac-
tile activity that was either anterograde or retrograde in
20% of cases. By contrast, non-CE EWs were local and
non-propagating.

The EWs originate from the junctional zone (JZ), which is
the transitional interface between the endometrium and the
outer myometrium [60]. Different endometrial and
myometrial pathologies can potentially cause alterations of
the JZ thickness and activity, such as adenomyosis and fi-
broids [61]. For this reason, Pinto speculated that even the
chronic inflammatory process, which occurs in chronic
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endometritis, could affect JZ functionality. In fact, the altered
leukocyte population and the altered pattern of paracrine fac-
tors could influence the nearby endometrium of the JZ, induc-
ing an altered contractility which can lead to infertility.

Altered vascularization

Blood vessels are important players in the inflammatory pro-
cess. Moreover, they are the principal morphological element
of functional polyps, where large caliber arterialized vessels
are seen in the functional layer. For this reason, a new interest
has grown in detecting relationships between polyps and CE.
Starting with this consideration, we considered the following
study.

Alterations in blood vessels in CE secretive endometrium
were studied by Carvalho (2013) [62]. The chief
anatomopathological modifications in CE are, in descending
order:

1 High vascular density with endothelial proliferation and
swelling associated with hyaline vascular wall thickening
with luminal occlusion

2 Hyaline thickening of the vascular wall with luminal
occlusion

3 High vascular density with endothelial proliferation and
swelling

4 High vascular density with endothelial proliferation and
swelling associated with small vessel thrombosis

5 Hyaline vascular wall thickening with luminal occlusion
and small vessel thrombosis

6 High vascular density with endothelial proliferation and
swelling associated with hyaline vascular wall thickening
with luminal occlusion and thrombosis of small vessels

7 High vascular density with endothelial proliferation and
swelling associated with hyaline vascular wall thickening
with luminal occlusion with luminal occlusion and seg-
mented fibrinoid degeneration

8 Small-vessel thrombosis.

According to the study, in 85.7% of cases, vascular chang-
es were associated with CE, while CEwithout vascular chang-
es was observed in only 7.3% of cases. It was specifically
noted that these vascular alterations are almost identical to
the thick-walled vessels along the vascular axis of polyps.
As a result of these observations, it can be hypothesized that
the vessel axis of polyps may represent a developing stage of
vasculopathy related to CE. Furthermore, the close relation
between endometritis, polyps, and infertility is currently being
studied [63]. The relationship between endometrial polyps
and CE has recently been investigated, and one of the princi-
pal outcomes has been that EPs are often immunoreactive for
CD-138, implying a possible role of chronic endometrial in-
flammation in their pathogenesis [64]. In all probability, these

three diseases share a unique pathological substrate, and in-
flammation is the most likely candidate. However, further
studies are needed to prove this relationship.

These pathological findings have the potential to impede
endometrium receptivity, and subsequently implantation, in a
range of different ways. Firstly, that increased vessel density is
associated with recurrent early pregnancy loss must be taken
into consideration. A possible reason for this may be found in
the increase of environment oxygenation in the early phase of
implantation, owing to the harmful effect of reactive oxygen
species. By contrast, normal placental development takes
place in a relatively hypoxic environment [48]. Secondly,
flow reserve could be impaired by swelling, endothelial pro-
liferation, small-vessel thrombosis, and luminal occlusion.
This consideration could be comparable to microcirculation
pathology in the myocardium. In this situation, when
microvessels are affected by luminal stenosis, coronary flow
reserve is reduced [65]. Analogously, it could be conjectured
that what we can define as “endometrial flow reserve” can be
affected by luminal impairment. Specifically, this blood per-
fusion could be reduced in instances where it is requested for
placental development. To summarize, both excessive and
reduced vascular efficiency may lead to a deleterious success
for embryo implantation.

Altered decidualization

Endometrial stromal cells (ESCs) participate in the process of
decidualization. Estrogen and progesterone modulate decidua
in order to facilitate embryo implantation and IGF-1 and IGF-
2 are mediators for hormone actions [31]. In particular, estro-
gen stimulates IGF-I gene expression in the endometrium [66]
and IGF-II is upregulated in decidualized endometrium in
women treated with levonorgestrel [67]. However, more stud-
ies are needed to clarify the relationship between the IGF
pathway and sexual hormones in decidualization.

At the beginning of this cascade, it is important to under-
stand that the estrogen receptor (ER) expression reaches a
peak in the early proliferative phase with a slight decrease in
the late proliferative and early secretory phases in both glan-
dular and stromal endometrium. It then shows a marked de-
crease in the late secretory phase, specifically in glandular
cells. On the other hand, the progesterone receptor (PR) ex-
pression increases gradually in the proliferative and secretory
phases and decreases in the late secretory phase, especially in
the glandular cells [68].

This hormonal pattern is a leading promoter of
decidualization. Specifically, decidua allows nutrition and
gas and waste exchanges between the fetus and mother in
cooperation with the placenta and also produces hormones,
growth factors, and cytokines such as prolactin (PRL),
corticotrophin-releasing factor (CRF), insulin-like growth fac-
tor binding protein-1 (IGFBP-1), and interleukin-15. Decidua
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probably also modulates trophoblast invasion and maternal
immune system tolerance [69–71].

Two studies were considered in order to clarify the role of
CE in endometrium decidualization: Wu (2017) and Mishra
(2008), who both studied the impact of CE on decidualization
[34, 72]. The main findings can be summarized as follows:

1 PRL and IGFBP-1 are markers of decidualization and are
both decreased in CE [34]. Importantly, PRL level expres-
sion decrease has been previously correlated with sponta-
neous early pregnancy loss. In particular, PRL role in em-
bryo implantation can be related to detrimental peptides
inhibition (e.g., IL-2) and cytokine stimulation (e.g., TNF-
a). Consequently, these cytokines can recruit immune
cells, sensitize the ESCs to Fas-mediated apoptosis, and
promote the release of molecules that interact with the
blastocyst and allow a successful implantation [73]. By
contrast, IGFBP-1 is part of a more complex pathway,
the forkhead transcription factor, forkhead box O1A
(FOXO1). In particular, IGFBP-1 plays a role in endome-
trial cell differentiation [74].

2 In patients suffering from both endometriosis and CE, the
concentration of PRL and IGFBP-1 produced tend to be
lower compared with that in patients with endometriosis
without CE [34].

3 It is likely that the decrease in PRL and IGFBP-1 has its
origin in gene expression. The mRNA levels of both, in-
deed, are lower in CE. As above, in this case, a similar
tendency is also noted in patients with endometriosis [34].

4 In ESCs, expressions of ERα and ERβ (estrogen receptors
α andβ) and PRA and PRB (progesterone receptors A and
B) are higher in CE endometrium than in non-CE endo-
metrium [34, 72].

5 The cell number of decidualized ESCs is increased in CE
decidua [34]. In particular, a clear cell proliferation can be
noticed if considered Ki-67. Ki-67 is a marker of cell pro-
liferation and its expression in the endometrial cells
reaches a peak in the follicular phase and then decreases
by half during the early luteal phase and drops during the
mid- and late-luteal phase. Ki-67 in the endometrial glan-
dular and stromal cells is significantly higher in both gran-
ulomatous and CE than the control group [72].

This data suggests that CE modifies decidualization. In
particular, CE slows down decidua maturation by reducing
estrogen and progesterone action. If the real cause is un-
known, we can probably observe that the receptors are upreg-
ulated and speculate that inflammation may be responsible for
sexual-steroid resistance. Previously, it was noticed that the
loss of PR activity during early pregnancy resulted in the
resorption of implantation sites [75]. Moreover, it has been
proven that progesterone promotes ESC differentiation [76].
ERα and PRA are the predominant isoforms that mediate the

critical functions of the uterus for the embryo implantation and
maintenance of pregnancy [77, 78]. Taken together, these
findings can help hypothesize that estrogen and progesterone
action is decreased in CE endometrium and lead to altered
embryo implantation.

To conclude, we can speculate that there are a less differ-
entiation stimulus and a greater potential to proliferation in CE
endometrium, which results in a greater number of ESCs with
reduced commitment. As a result, the abnormal expression of
sex hormone receptors linked to a greater ESCs number brings
about the difficulty for the endometrium to prepare the field
for a correct implantation.

Altered autophagy

Autophagy is a mechanism of lysosome-mediated protein
degradation that is necessary in maintaining cellular homeo-
stasis by recycling amino acids, reducing the amount of dam-
aged proteins, and modulating intracellular protein levels in
response to extracellular signals. In particular, autophagy has
important effects on the induction and modulation of the in-
flammatory reaction, modulates Treg cells, supports their lin-
eage stability, and increases their life-expectancy [79].

Considering the fact that CE is associated with increased
pro-inflammatory immune responses, it has been demonstrat-
ed that in CE endometrium, the level of microtubule-
associated protein 1A/ 1B-light chain 3 (LC3-II protein) is
significantly higher, while the level of mTORC1 is signifi-
cantly lower than in controls [37].

Firstly, it must be considered that LC3-II is the transmem-
brane form of LC3, a soluble protein that is distributed ubiqui-
tously in mammalian tissues. LC3 exists in two forms: a cyto-
solic form (LC3-I) and a lipid phosphatidylethanolamine-
conjugated form (LC3-II) that is inserted into both inner and
outer membranes of the autophagosome. Increased numbers of
LC3-containing vesicles and increased LC3 flux indicate active
autophagosome formation and clearance [80]. However, LC3
increase can be detrimental for cells and promote cell death
which could possibly impair endometrial cells and lead to al-
tered implantation [81].

Conversely, mTOR is a regulator of cellular metabolism
and has a crucial role in regulating cellular autophagy [82].
mTOR action relies on integrating signals from the environ-
ment to the nucleus for the regulation of cell metabolism,
proliferation, survival, and autophagy. Indeed, mTOR action
in the placenta is positively correlated with birth weight of the
infant [83]. In particular, mTOR is an autophagy negative
modulator and modifies inflammatory responses by modulat-
ing immunoproteasomal degradation [84]. Furthermore,
mTOR has a key role in the post-implantation period and its
reduction can lead to reduced feto-placental growth and in-
creased resorption rate [85].
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Our pathophysiological model speculates on the integrat-
ing role of both LC3 and mTOR in CE endometrium in im-
plantation. In particular, autophagy is enhanced, and this cre-
ates an unstable balance between proteins (or modulators)
which should be released, and proteins which should be
recycled, leading to an altered environment which is less re-
ceptive for implantation. Finally, according to previous find-
ings, autophagy could have an important effect on the induc-
tion of inflammatory reaction in CE and sequential changes in
local cytokine milieu.

Strength and limitations

This review includes all the studies about CE pathophysiology
regarding altered implantation. However, most studies were pri-
marily case-control, cohort studies, and retrospective. For this
reason, various biases could arise from these study designs.

Conclusion

To the best of our knowledge, ours is the first summary of
evidence on CE pathophysiology and its relationship with
altered implantation. CEmay affect female fertility in multiple
ways, starting from an alteration of endometrial microbiota
and continuing with inflammation and its secondary effects.

Abnormal cytokines and leukocyte expression may impair the
immune tolerance of the endometrium to the embryo and alter
endometrial vascular permeability, potentially damaging em-
bryo viability and trophoblast invasion. Additionally, abnor-
mal uterine contractility during the midluteal phase may in-
hibit in vivo fertilization and affect transuterine migration of
the embryo before implantation. Finally, altered autophagy
may affect endometrial cell commitment and impair endome-
trial decidualization in women with CE. Figure 1 summarizes
all the findings and helps visualizing the complexity of our
model regarding the chronic endometritis pathway.
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