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Abstract
Problem: Repeated implantation failure and recurrent pregnancy loss are associated 
with chronic endometritis, a persistent endometrial inflammation. Its diagnosis and 
treatment may increase pregnancy and live birth rates. The aim of this study was to 
assess the effectiveness of endometrial diagnostic biopsy and subsequent antibiotic 
treatment in cases of chronic endometritis on reproductive outcomes over a long ob-
servation period.
Method of Study: We conducted a historical cohort study (2014– 2018) at our 
University- based infertility center that included women (n = 108) with repeated im-
plantation failure or recurrent pregnancy loss without known pathologies associated 
with either condition. Forty- one women underwent a hysteroscopy only (reference 
group); the remaining 67 women underwent, in addition to the hysteroscopy, an endo-
metrial diagnostic biopsy with immunohistochemically staining for CD138 to detect 
plasma cells (biopsy group). If one or more plasma cells were detected, the women 
were treated with doxycycline 100 mg twice a day orally for 2 weeks. We performed 
stratified survival analysis (Kaplan- Meier) and Cox regression.
Results: The biopsy group had higher chances of pregnancy (hazard ratio 2.28; 95% 
confidence interval 1.23– 4.24; p = .009) and of live birth (hazard ratio 2.76; 95% con-
fidence interval 1.30– 5.87; p = .008) compared with the reference group. In the sensi-
tivity analysis, repeated implantation failure or recurrent pregnancy loss did not affect 
the outcome.
Conclusion: Endometrial diagnostic biopsy followed by antibiotic treatment in case of 
chronic endometritis in women with repeated implantation failure or recurrent preg-
nancy loss may increase the chances for live birth.

K E Y W O R D S
chronic endometritis, endometrial diagnostic biopsy, plasma cells, recurrent pregnancy loss, 
repeated implantation failure, time to live birth, time to pregnancy
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1  |  INTRODUC TION

Repeated implantation failure (RIF) and recurrent pregnancy loss 
(RPL) impose a heavy burden on women desiring children, especially 
when etiology is unclear. Implantation failure has been identified by 
the European Society of Human Reproduction and Embryology as 
one of the main unresolved issues in reproductive medicine.

Known risk factors for RIF and RPL are parental age, obesity, 
environmental exposure (including smoking and alcohol), genetic 
factors, uterine malformations or pathologies, and thyroid autoim-
munity.1– 3 In addition, antiphospholipid syndrome is a risk factor for 
RPL.3 According to Coughlan et al.,4 RIF is defined as “the failure 
to achieve a clinical pregnancy after transfer of at least four good- 
quality embryos in a minimum of three cycles in a women under 
the age of 40 years.” The World Health Organization defines RPL 
as three or more consecutive miscarriages; it affects up to 5% of 
women.2,5 Endometrial dysfunction and reduced endometrial recep-
tivity caused by inflammatory or immunological processes are found 
to be associated with both RIF and RPL.6,7

These conditions can be due to chronic endometritis (CE), which 
is often subtle and asymptomatic or presents with atypical symp-
toms such as pelvic pain, vaginal discharge, abnormal bleeding, 
dyspareunia, or leucorrhea. While there is no doubt that CE is of 
importance clinically, there is still no universally accepted definition 
and there is a lack of clear criteria,8,9 standardized diagnostic proce-
dure, or treatment confirmed by randomized clinical trials.8– 13 The 
prevalence of CE in women with RIF reported in published studies 
ranges from 7.7% to 67.5%14,15; the prevalence of CE in women with 
RPL from 7.0% up to 67.6%.9,16,17 It is unclear whether these differ-
ences in prevalence result from differences in study populations, 
prevalence of different pathogens, or diagnostic assessment tech-
niques and thresholds.14,18

Using hysteroscopy (HSC), CE can be suspected in the pres-
ence of mucosal edema, focal or diffuse endometrial hyperemia, 
and/or micro polyps (<1 mm).15,19– 21 The diagnosis should be con-
firmed by an endometrial biopsy stained immunohistochemically 
with Syndecan- 1 for plasma (CD138) cells.14,18,22– 24 A meta- analysis 
showed higher pregnancy and live birth rates after antibiotic treat-
ment for plasma cell- positive CE in women with RIF.25 This was also 
found in a meta- analysis of randomized controlled trials on endo-
metrial scratch injury in women who had at least one failed embryo 
transfer.26

Many different antibiotics have been used for the treatment of 
CE. A broad- spectrum antibiotic such as doxycycline (2 × 100 mg 
per day for 2 weeks) is mostly used as a first- line treatment.16,27,28 
Metronidazole (250 mg 2 × per day or 500 mg per day) in combi-
nation with ciprofloxacin27 (500 mg per day or 200 mg 2 × a day) 
or ofloxacin (800 mg per day) have been used as second- line treat-
ments.16,28 In a study published 2019, a mixture of a suitable antibi-
otic plus dexamethasone was administered directly to the uterus.29 
The choice of the antibiotic should depend on the regional recom-
mendations based on the incidence of pathogens on a population 
level, as well as on the profile of pathogens found.30

The aim of this study was to assess the effectiveness of endome-
trial diagnostic biopsy and subsequent antibiotic treatment in cases 
of CE in women with RIF and RPL over a long observation period. 
The focus was on reproductive outcomes, notably chance of live 
birth and chance of pregnancy over time. Most studies in this area 
focused on pregnancy and live birth rates achieved after just one 
in vitro fertilization (IVF) cycle following diagnosis and treatment of 
CE. We studied the effect of endometrial diagnostic biopsy and an-
tibiotic treatment in women undergoing hysteroscopy for the inves-
tigation of RIF or RPL with a focus on time to live birth by using the 
method of survival analysis (Kaplan- Meier). This method allowed us 
to compare reproductive outcomes over a longer period.

2  |  MATERIAL S AND METHODS

2.1  |  Study population

We screened retrospectively all women treated at our center for RIF 
or RPL between January 2014 and December 2018. We defined RIF 
as a failure to achieve a pregnancy after the transfer of six or more 
good- quality cleavage- stage embryos.4 For RPL, we used the WHO 
definition of three or more RPLs.2,5

Screening work- up consisted of thyroid function and antibody 
testing, exclusion of antiphospholipid syndrome, and assessment of 
the uterine cavity by ultrasound. Hysterosalpingosonography and 
transvaginal ultrasound to assess uterine anatomy had already been 
performed during assessment of infertility. We included all women 
undergoing HSC or both HSC and biopsy 42 years old or younger at 
the time of HSC and with a body mass index (BMI) between 18 and 
35 kg/m2. We excluded women with conditions known to be associ-
ated with RIF and RPL such as parental chromosomal abnormalities, 
sperm retrieved by testicular sperm extraction, antiphospholipid 
syndrome, or severe thyroid dysfunction (Figure 1).31,32

2.2  |  Diagnosis and histological assessment of CE

Before conducting HSC, we ruled out chlamydia (Chlamydia trachoma-
tis) and gonorrhea (Neisseria gonorrhoeae) using cervical- vaginal 
swabs. We performed HSC and biopsy during the late follicular 
phase, in an office setting without anesthesia. For HSC, we used a 
rigid 30° view 2.9 mm diameter hysteroscope with an atraumatic 
tip (TROPHYscope; Karl Storz). We did not provide preoperative 
analgesia, sedation, or antibiotics; we undertook cervical prepara-
tion with dequalinium chloride (Fluomizin®). We photo- documented 
the appearance of the uterine cavity and the endometrium 
(Figure 2A,B). In the biopsy group, we performed the endometrial 
diagnostic biopsy at the end of the HSC examination of the uterine 
cavity, using a pipelle (flexible biopsy device). We then conserved 
the endometrial tissue in a 10% formaldehyde solution. We immuno-
histochemically stained the sections of the paraformaldehyde- fixed 
paraffin- embedded endometrial biopsy samples with syndecan- 1 
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according to routine protocols. Syndecan- 1 is a cell surface heparan 
sulfate proteoglycan used as a specific marker for CD138 plasma 
cells (Figure 2C- F).18 Formalin- fixed paraffin- embedded slides with 
a thickness of 3 µm were pretreated with heat (95°C for 20 min) and 
then incubated with the CD138 antibody (Serotec) in EDTA buffer at 
pH 9 for 15 min at a dilution of 1:1600, with diacetylbenzene serv-
ing as the chromogenic agent. We counterstained with hematoxylin- 
eosin (HE) to compare the two diagnostic methods. For the diagnosis 
of CE as defined in this study, we relied on immunohistochemistry, 
considering one or more plasma cell per whole- slide tissue section 
(one plasma cell in the hotspot) as sufficient for the diagnosis of 
CE.19 Before 2016, HSC without biopsy was the standard diagnos-
tic intervention in women with RPL or RIF; these women served as 
historical references compared with the women in the biopsy group.

2.3  |  Treatment of CE

Women diagnosed with CE on the basis of immunohistochem-
istry were treated with 100 mg of doxycycline orally twice a day 
for 2 weeks. Women with an intolerance to doxycycline received 
400 mg of ciprofloxacin a day for 2 weeks. We did not perform a test 
of cure. In case of RPL after treatment, the women were re- biopsied 
and retreated with ciprofloxacin as a second- line treatment, as de-
scribed above. Tetracyclines (eg, doxycycline) and quinolones (eg, 

ciprafloxacine) also act against bacteria lacking cell walls such as 
chlamydia (Chlamydia trachomatis) and gonorrhea (Neisseria gonor-
rhea) as well as against parasites. Additionally, doxycycline has an 
anti- inflammatory potential, which we considered beneficial for the 
treatment of an inflammatory condition.

2.4  |  Fertility treatment

For women with RIF, the same IVF protocol as applied previously was 
initiated after biopsy, 1 month after termination of antibiotic ther-
apy, or when the couple felt ready. The IVF treatment cycles were 
conducted either as natural IVF33 or as conventional gonadotropin- 
stimulated IVF, either in an agonist or antagonist protocol. All em-
bryos were transferred at cleavage stage; IVF procedures did not 
change over the study period. We provided luteal phase support 
using progesterone for up to 12 weeks of gestation.34 Women with 
RPL did not receive IVF treatment. We prescribed 200 mg of vaginal 
micronized progesterone per day in the subsequent pregnancy.35,36

2.5  |  Statistical analysis

We compared the women from the biopsy group to the women 
who had HSC only, the reference group. For subgroup analysis, we 

F I G U R E  1 Study	population.	CE,	
chronic endometritis; CEneg, women 
diagnosed negative for chronic 
endometritis; CEpos, women diagnosed 
positive for chronic endometritis; HSC, 
hysteroscopy; RIF, repeated implantation 
failure; RPL, recurrent pregnancy loss; 
TESE, testicular sperm extraction
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grouped the women of the biopsy group as follows, according to the 
immunohistochemical diagnosis of plasma cells: (a) biopsy without 
diagnosis of CE (CEneg) and (b) biopsy with diagnosis of CE (CEpos). 
We compared baseline characteristics and outcomes (pregnancy 
rates, live birth rates, chance of pregnancy, and of live birth over 
time) among the biopsy group and the reference group and between 
women with RIF or RPL. We used the chi- square test or Fisher’s 
exact test for categorical variables and univariable linear regression 
for continuous outcomes. For the time- to- event analyses, follow- up 
time started at the date of HSC or biopsy (biopsy is performed dur-
ing HSC). The follow- up time ended at the event of interest or at last 
contact date recorded for each woman; the event of interest is either 
the date of clinical pregnancy confirmed by ultrasound display of an 
amniotic cavity (pregnancy) or the delivery date (live birth). We used 

Kaplan- Meier survival analysis to compare time to pregnancy and live 
birth between the groups. In further comparisons, we used multivari-
able Cox regression models that included the following variables: age 
of the women (continuous) and parity (parous vs. nulliparous). We 
stratified Cox regression models for RIF and RPL women allowing for 
different baseline hazards via separate risk- set definitions in the RIF 
and RPL groups. In a sensitivity analysis, we conducted separate Cox 
regressions for women with RIF and women with RPL and among the 
two subgroups, CEneg, and CEpos, always compared with the refer-
ence group. For the survival curves in Figure 3, we used inverse prob-
ability weighting to account for different proportions of RIF or RPL 
women and different age structure of mothers within the treatment 
groups.37 For statistical analysis, we used STATA version 16.0 (STATA 
Corporation LLC). We considered a p- value <.05 as significant.

F I G U R E  2 Images	of	patients	with	and	
without CE in hysteroscopy, hemalaun- 
eosin staining and immunohistochemically 
CD138 staining. Comparison of patients 
with bland endometrium (A,C,E) 
vs. chronic endometritis (B,D,F) in 
hysteroscopy (A,B), conventional histology 
(C,D) and immunohistochemistry 
for CD138 (E,F). Note, the reddish 
inflamed mucosal surface in chronic 
endometritis (B) and the intermingled 
plasma cells in endometrial stroma in 
immunohistochemistry (F, central region). 
These differences in plasma cell densities 
cannot be distinguished in conventional 
histology (C,D) of the same patients. Of 
note, regular endometrial glands serve 
as a positive internal control as CD138 
also known as syndecan- 1 is positive 
in epithelial cells. Pictures were taken 
at 200× magnification. CE, chronic 
endometritis; HE, hemalaun- eosin 
staining; HSC, hysteroscopy

(A) (B)

(C) (D)

(E) (F)
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2.6  |  Ethical approval

The local ethical committee approved this study on the December 
21, 2017 (BASEC & Kantonale Ethik Kommission Bern: 2017- 01739), 
approving the use of encoded clinical data after patient information 
or the further use of biomaterials after informed consent retrieval.

3  |  RESULTS

3.1  |  Population, diagnosis, and treatment of CE

The flow chart of the study population is presented in Figure 1. 
In total, 108 women fulfilled the inclusion criteria, of whom 47 
(43.5%) had RIF and 61 (56.5%) had RPL. From 2014 to 2016, 

we performed only HSC in 41 (38.0%) women (reference group); 
from 2016– 2018, we performed HSC with subsequent biopsy in 
67 women. Twenty- four (35.8%) women showed suspicion of CE 
at hysteroscopy, with strawberry aspects, endometrial edema, ir-
regular endometrium, and hyperemic areas with prominent leuko-
plakia (Figure 2). Among the women who underwent a biopsy, a 
total of 42 women were diagnosed positive for CE (CEpos), which 
constitutes a prevalence of 62.7%; 25 (37.3%) women did not have 
any plasma cells according to histology and immunohistochemical 
CD138 staining (CEneg).

Among the 67 women who underwent a biopsy, with HSC, we 
could identify 18 women as CEpos out of 42 (sensitivity of 42.8%) 
and 19 as CEneg out of 25 (specificity of 76.0%) when comparing to 
immunohistochemically stained biopsy samples (p = .119). HE stain-
ing alone was not sufficient to identify plasma cells as compared 

F I G U R E  3 Time	to	pregnancy	and	time	to	live	birth.	Kaplan-	Meier	failure	estimates.	Observation	time:	from	hysteroscopy	or	biopsy	
date to clinical pregnancy or live birth; with applied inverse probability weighting to account for the proportion of women with repeated 
implantation failure and recurrent pregnancy loss, respectively, as well as the maternal age structure within each of the groups compared 
(according to Cole SR & Hernan MA). p- values for the two groups compared: (a) p = .009 B) p = .008 C) Reference group compared with 
biopsy CEpos group: p = .010; biopsy CEpos group compared with biopsy CEneg group: p = .800. (b) D) Reference group compared with 
biopsy CEpos group: p = .004; biopsy CEpos group compared with biopsy CEneg group: p = .327
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to IHC as well, with only 11 women correctly diagnosed as CEpos 
(sensitivity of 26.2%) and 21 as CEneg (specificity of 84.0%) in com-
parison with immunohistochemical staining (p = .333). False- positive 
cells in HE staining were due mainly to pseudodecidual of endome-
trial stromal cells, which could display a crescent- like cytoplasmic 
rim and represent a mimicker of plasma cells (Figure 2). Of the 42 
women diagnosed as CEpos, 41 took a first treatment of doxycycline 
and one woman took ciprofloxacin.

3.2  |  Population characteristics

Patient characteristics are shown in Table 1. The reasons for infertil-
ity are different between RIF and RPL patients (p < .005) but not 
among the three subgroups studied. Comparison of patient charac-
teristics between CEneg, CEpos, and the reference group are dis-
played in the Table S1.

3.3  |  Observation time

The mean observation time until live birth or last follow- up date 
was the longest for the reference group, with 1.86 years (SD 1.34). 
For CEneg women, the mean time was 0.88 years (SD 0.61), and for 
CEpos, it was 0.75 years (SD 0.47).

3.4  |  Fertility outcomes

The chance of a clinical pregnancy and a live birth was significantly 
higher for women with biopsy and subsequent management of en-
dometrial pathology compared with the reference group (Table 2). 
The hazard ratio (HR) stratified for indication is 2.28 (95% CI 1.23 
–  4.24, p = .009) for a clinical pregnancy and 2.76 for a live birth (95% 
CI 1.30– 5.86, p =.008).

Time- to- event analysis shows a higher chance for pregnancy and 
live birth for the biopsied women at any given time point during the 
follow- up period. (Figure 3).

A comparative analysis of subgroups shows that the chance of 
clinical pregnancy is significantly higher for CEpos women (HR 2.39, 
95% CI 1.20– 4.36, p = .010) and slightly less pronounced for CEneg 
women (HR 2.04, 95% CI 0.85– 4.86, p = .110) compared with the 
reference group. This trend is also confirmed by analyzing women 
with RIF and RPL separately. When directly comparing CEpos to 
CEneg women to each other, both have almost similar chances for a 
clinical pregnancy (HR 1.12, 95% CI 0.46– 2.72, p = .800) but CEpos 
women have a somewhat elevated chance for a live birth (HR 1.75, 
95% CI 0.57– 5.38, p = .327). Adjustment for maternal age and par-
ity did not substantially affect the outcomes for clinical pregnancy 
(HR 1.28 (0.53– 3.10; p = .579) nor for live birth (HR 2.17, 95% CI 
0.73−6.49,	p = .164). All detailed results of the Cox regression mod-
els are presented in Table 2. Detailed fertility outcomes are pre-
sented in Table S2.

4  |  DISCUSSION

This is a historical cohort study on the effect of biopsy with subse-
quent management of CE on chance of live birth over a longer time 
period in women with RIF and RPL. Our results show that a diagnos-
tic endometrial biopsy with subsequent diagnosis and possibly treat-
ment in case of CE is associated with a higher chance of pregnancy 
and live birth in both conditions, RIF and RPL. However, it remains 
unclear, which of the interventions, and the biopsy or the treatment 
or a combination of both improved the outcome as women who had 
a biopsy and were diagnosed and treated for CE (CEpos) had a simi-
lar chance compared with those without CE (CEneg), but a better 
chance compared with women with HSC only (reference group).

This leads us to two hypotheses: first, diagnostic endometrial 
biopsy and CD138 staining and probably in combination with sub-
sequent treatment of CE are important in the high- risk population 
of women with RIF and RPL, and second, our study supports the su-
periority of immunohistochemistry over hysteroscopic assessment; 
even women not diagnosed with CE may possibly achieve a better 
reproductive outcome in a shorter time after a diagnostic endome-
trial biopsy.

Our results are based on the indication that hysteroscopy alone 
or HE staining is no longer considered sufficient to clearly diagnose 
CE or to identify plasma cells.22 Immunohistochemical staining of 
plasma cells with Syndecan- 1 is considered to be the best practice, 
but there are various methods regarding their quantification and 
threshold leading to the confirmation of a diagnosis of CE.14,18 We 
chose a more conservative approach of diagnosing with the thresh-
old of one plasma cell per high power field in the hot spot, which may 
have led to an overestimation of CE prevalence.

Our results show a difference in chance of pregnancy and, more 
important, chance of live birth between the biopsy group and the 
reference group. Our results suggest that the biopsy may have an 
impact also on women without CE (CEneg). Our results show that 
their reproductive outcome also seems to benefit from the biopsy. 
A biopsy, similar to an endometrial scratch, induces an inflamma-
tory response and may trigger immunological reconstitution.38– 40 
This might be particularly relevant in a more vulnerable RIF and RPL 
population. A large randomized controlled trial has recently shown 
that endometrial scratching before an IVF or ICSI cycle does not in-
crease the implantation rate in a subsequent transfer. However, in 
this trial, the effect in women with RIF or RPL or specifically the 
long- term effects were not addressed.41 Endometrial scratch was 
shown to be beneficial in a meta- analysis in women who had two or 
more implantation failures, but not for women with only one failed 
embryo transfer. The greatest effect was associated with double lu-
teal endometrial scratch with a pipelle.26 Reactions caused by endo-
metrial scratch and by endometrial diagnostic biopsy and the extent 
to which they can be considered as comparable have not been well 
researched.39

Chronic endometritis is often associated with the presence of 
diverse bacterial pathogens, which may desire different antibiotics 
to treat.42,43 This leads to an unbalanced resident microbiota of the 
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uterus and an abnormal pattern of lymphocyte subset in the endo-
metrium, which may influence reproductive immunology.44 An inva-
sion of plasma cells and other lymphocytes in the endometrial gland 
can sometimes be observed before menstruation and is possibly as-
sociated with higher uterine contractibility.45 In case of CE, both cell 
types are present in numbers greater than normal, independent of 
the menstrual cycle.

A prospective study analyzing immunologic cells within the en-
dometrium of 178 RIF and 155 RPL women revealed a significantly 
higher prevalence of uterine natural killer cells (53.2 vs. 45.2 and 
42.9%, p < .001) in women with RIF compared with women with 
RPL. However, in all sub- fertile populations, the percentage of pe-
ripheral uterine natural killer cells was higher (p = .001), as well as 
CD69+ activation (p = .005). Furthermore, the levels of B cells were 
higher (p < .001), and the ratio of CD4 to CD8 (p < .001) was ele-
vated. In addition, a higher proportion of CD4 positive Th1+ cells 
(p = .001) was found.43 Lastly, defective endometrial prostaglandin 
synthesis was observed in women with RIF.46 Based on the pres-
ence of uterine natural killer cells and defective prostaglandin syn-
thesis, the different immunological responses in the implantation 
process seem to be even more unfavorable in women with RIF than 
in women with RPL.

A recent study looked at the immune status of women with 
reproductive failure diagnosed for CE. The proportions of uterine 
CD68+ macrophages, CD83+ mature dendritic cells, CD8+ T cells, 
and regulatory T cells were significantly elevated in patients with CE, 
independent of whether they had RIF or RPL. The immunological 
changes associated with CE may, therefore, be associated with poor 
endometrial receptivity.47,48 The immunological pattern was normal-
ized after antibiotic treatment.7 This might strengthen the endome-
trial receptivity and improve reproductive outcome.

4.1  |  Strengths and limitations

Our study has two important strengths: (1) differentiated diagnos-
tics with HSC, endometrial biopsy, and immunohistochemically 
staining for CD138 and (2) an outcome that was not yet investigated 
in combination with CE, namely chance of pregnancy and live birth 
over time. The sensitivity of our HSC investigation correlates well 
with a study published recently.21

Our study also has limitations. First, it is an observational study 
with a historical cohort as reference group and a limited sample 
size. Gain of experience, development of treatment protocols, and 
embryo culture techniques over time might challenge compara-
bility between the groups. Second, we analyzed patients with RIF 
and RPL as one group, addressing this problem by stratifying the 
Cox regression models for RIF and RPL as well as by conducting 
subgroup analyses. We focused on chance of live birth over time 
as the main outcome. For the survival curves in Figure 3, we used 
inverse probability weighting to account for different proportions 
of RIF and RPL and different age structures of mothers.37 Live 
birth as outcome is valid for both conditions, and subgroup analysis 

confirmed that the procedure is beneficial primarily for women 
diagnosed and treated for CE (CEpos) independent of whether 
they had RIF and RPL. The small difference between CEpos and 
CEneg could indicate, that the biopsy is more important than the 
antibiotic treatment or, that the treatment success is influenced 
by the choice of the antibiotic treatment, which was not based 
on antibiogram. We were interested in the long- term follow- up 
of women with RIF and RPL after the intervention, independent 
of the course of events between intervention and the recorded 
outcome. Compared with many other studies looking at one sub-
sequent embryo transfer or the next subsequent pregnancy, our 
study provides information on the longer- term perspectives. We 
did not restrict the observation time under the assumptions that 
immunological processes may take time and the influence of inter-
ventions might be beneficial later.

Our results support the increasing evidence that in women with 
either RIF or RPL, CE needs to be diagnosed and treated. Our results 
show in particular the higher chance of live birth at any time point 
during the longer observation period. However, prospective and 
randomized studies with the assessment of different intervention in 
larger number of participants are needed as well as further discus-
sion on the definition of CE.

5  |  CONCLUSIONS

Diagnostic endometrial biopsy with subsequent antibiotic treat-
ment in case of CE increases chances of pregnancy and live birth 
compared with women undergoing HSC only. The causal associa-
tions between the diagnosis of CE with biopsy with or without an-
tibiotic treatment in case of CE and subsequent fertility remain to 
be resolved. Therefore, randomized controlled trials with longer 
follow- up times are needed to establish standards for diagnosis and 
treatment of CE and to find therapies for implantation failure in the 
future. Randomized controlled trials should be conducted in distinct 
RIF or RPL populations diagnosed with CE. As interventions, endo-
metrial scratch, as well as antibiotic treatment, ideally be guided by 
antibiogram should be controlled for.
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