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Abstract: This systematic review and meta-analysis aims to evaluate the impact of chronic endometri-
tis (CE) and its therapy on in vitro fertilization (IVF) outcome. Additionally, we aim to investigate
whether various degrees of CE severity may exert a different effect on IVF outcome. Ongoing-
pregnancy rate/live-birth-rate (OPR/LBR), clinical-pregnancy rate (CPR), and miscarriage rate (MR)
were calculated. A total number of 4145 patients (from ten studies) were included. Women with CE
had lower OPR/LBR (OR 1.97, p = 0.02) and CPR (OR 2.28, p = 0.002) compared to those without CE.
CE cure increased OPR/LBR (OR 5.33, p < 0.0001) and CPR (OR 3.64, p = 0.0001). IVF outcome was
comparable between women with cured CE and those without CE (OPR/LBR, CPR and MR: p = ns).
Women with severe CE had lower OPR/LBR (OR 0.43, p = 0.003) and CPR (OR 0.40, p = 0.0007)
compared to those mild CE. Mild CE showed no influence on the IVF outcome as compared to
women without CE (OPR/LBR, CPR and MR: p = ns). Based on this data analysis, CE significantly
reduces OPR/LBR and CPR in women undergoing IVFE. Importantly, CE resolution after antibiotic
therapy may improves IVF outcome, leading to similar OPR/LBR and CPR as compared to unaffected
patients. The negative effects of CE on IVF outcome may be restricted to severe disease, whereas mild
CE may have no influence on IVF success.

Keywords: chronic endometritis; endometritis severity; infertility; IVF outcome; antibiotic therapy;
plasma cell count; CD-138 immunohistochemistry; hysteroscopy; recurrent implantation failure

1. Introduction

Chronic endometritis (CE) is a chronic inflammatory state of the endometrium caused
by an abnormal endometrial microbiome [1]. In recent years, a growing interest in CE has
been seen, especially due to its putative role in infertility, recurrent pregnancy loss, and
repeated IVF failures (RIF) [2-7]. Notably, in these conditions, CE prevalence has been
often reported to exceed 30% [8-10].

Different theories have been proposed for explaining CE-related impaired endometrial
receptivity [11-14], including the activation of local inflammatory processes with altered
cytokine and chemokine secretion [13,15-18], abnormal leukocyte infiltration within the
endometrium [19,20], altered uterine contractility [21], defective decidualization [17,22],
and defective endometrial vascularization [13,23].
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Although these theories are certainly intriguing, available evidence regarding corre-
lation between CE and implantation defects is mainly based on observational data from
studies with some shortcomings (e.g., heterogeneous design and criteria for diagnosing
CE) [24]. Therefore, the scientific community remains divided between researchers who
are for and those who are against recognizing that CE is a real cause of female infertility.

One of the crucial issues regarding CE is the methodology used for its diagnosis.
Hysteroscopy has a fair sensitivity but suffers from being strongly operator dependent [24].
For this reason, the current gold standard for CE diagnosis is syndecan-1 staining of plasma
cells on endometrial tissue sections, alone or in combination with multiple-myeloma
antigen 1 immunohistochemistry [25,26]. Yet, the amount of plasma cells per sample/area
or microscope field for diagnosing CE remains controversial [27].

In a previous systematic review with meta-analysis of data from five studies [28], we
found that CE therapy with antibiotics could improve the IVF outcome in women with
a history of repeated IVF failure. In this present review, we extended our earlier evaluation
to all studies on infertile women undergoing IVF. Specifically, we tested whether CE may
worsen IVF outcome. Additionally, we evaluated the effects of CE cure on IVF outcome.
Finally, we also investigated whether various degrees of CE severity (i.e., entity of plasma
cell infiltration) may exert a different effect on the IVF outcome.

2. Materials and Methods
2.1. Study Design

This is a systematic review and meta-analysis of published data (PROSPERO ID:
CRD42017062494). The review was reported following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [29].

2.2. Search Strategy

Electronic databases (Sciencedirect, Medline, Scopus, Embase, the Cochrane library,
Clinicaltrials.gov, EU Clinical Trials Register, and the World Health Organization Interna-
tional Clinical Trials Registry) were searched from their inception through 31 December 2021.

Key search terms were: chronic endometritis OR endometrial inflammation OR en-
dometrial plasma cells OR endometrial CD-138 count AND IVF OR ICSI OR embryo
transfer OR ARTs. The electronic search and the eligibility of the studies were indepen-
dently assessed by two authors (A.V.,, E.C.).

2.3. Inclusion Criteria

We included all studies evaluating the effects of CE on IVF-ET outcome in infertile
patients. Studies on women with a history of recurrent miscarriage were excluded. Addi-
tionally, all studies evaluating the rates of spontaneous conception in women with CE were
not eligible for inclusion.

All original studies (experimental and observational) reported in the English language
were evaluated. CE was defined as the presence of at least one endometrial stromal
plasma cell in the entire section, as demonstrated by immunohistochemistry for CD-138
(syndecan-1). “Severe CE” was defined as the presence of >5 plasma cells/HPF. “Mild CE”
was defined as the presence of 1-4 plasma cells/HPF within endometrial tissue.

All studies evaluating other types of endometrial inflammation (such as acute, suba-
cute, or tubercular endometritis) were excluded.

2.4. Comparators

e Patients with CE vs. non-CE: defined as patients suffering from CE (i.e., untreated
or persistent after antibiotic therapy) versus those without CE (with normal
endometrial histology);

e  Patients with CE vs. cured CE: defined as patients suffering from CE (i.e., untreated
or persistent after antibiotic therapy) versus those in which (after antibiotic therapy)
endometrial biopsy showed the resolution of CE;
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e Patients with cured CE vs. non-CE: defined as women with CE resolution (after
antibiotic therapy) versus women without CE (with normal endometrial histology);

e  Patients with CE vs. not tested for CE: defined as patients with CE (i.e., untreated or
persistent after antibiotic therapy) versus those in which CE was not investigated.

Secondary analyses included the comparison between patients with CE as defined
by the presence of >5 plasma cells/HPF (“severe CE”) vs. 1-4 plasma cells/HPF (“mild
CE”) within endometrial tissue. Additionally, the subgroup of patients with 1-4 plasma
cells/HPF was compared with patients without CE.

2.5. Study Outcomes

Study outcomes included ongoing pregnancy or live birth rate (per patient [OPR/LBR]),
clinical pregnancy rate (per patient [CPR]), miscarriage rate (per clinical pregnancy [MR]).
Outcomes measures:

e  OPR/LBR: “Ongoing pregnancy” defined as a pregnancy beyond 12 weeks’ gestation;
“live birth” defined as the delivery of one or more living infants;

e  CPR: defined as the presence of a gestational sac on transvaginal ultrasound or other
definitive clinical signs;

e  MR: defined as fetal loss prior to the 20th week of gestation.

2.6. Study Selection and Data Extraction

Three authors (A.V., CM.S., R.C.) independently performed the study selection. Dis-
agreements were discussed with a third reviewer (E.C.).

Data extraction was performed independently by two authors (A.V., C.M.S.). A manual
search of the reference list of each study was performed to avoid missing relevant publica-
tions. One Author (E.C.) completely reviewed the selection and data extraction process.
Results were compared, and any disagreement was resolved by consensus.

2.7. Risk of Bias in Individual Studies

Two reviewers (A.V., C.M.S.) independently judged the methodological quality of the
studies included in the meta-analysis using a modified version of the “Newcastle-Ottawa
Scale” [30]. The quality of the studies was evaluated in five different domains: “sample rep-
resentativeness”, “sampling technique”, “ascertainment of chronic endometritis diagnosis”,
“quality of description of the population”, and “incomplete outcome data” (Appendix A).
According to the total number of points assigned, each study was judged to be at low risk of
bias (>3 points) or high risk of bias (<3 points). Any discrepancies concerning the authors’

judgements were referred to a third reviewer (E.C.) and resolved by consensus.

2.8. Statistical Analysis

Data analysis was performed independently by two authors (A.V., E.C.) with Review
Manager version 5.3 (Nordic Cochrane Centre, Cochrane Collaboration, Copenhagen,
Denmark). The study outcomes were expressed using odds ratio (OR) with 95% confidence
interval (95% CI); p values lower than 0.05 were considered statistically significant. The I?
statistics was used to assess heterogeneity. The degree of heterogeneity was considered
as low when 12 was <30%, moderate if it was between 30% and 50%, and high if I? was
>50%. Random-effects model (DerSimonian and Laird method) was applied to the meta-
analyses. Subgroup and sensitivity analyses were also planned in order to explore the
sources of heterogeneity across studies (when at least four studies were included in the
meta-analysis). We followed Cochrane Handbook recommendations for the assessment
of publication bias (Cochrane Handbook. 10.4.3.1 Recommendations on testing for funnel
plot asymmetry) [31]. However, not enough studies (fewer than ten) were included in the
pooled analysis.
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3. Results
3.1. Study Selection

After the evaluation of the full text, a total number of ten studies [4,6,8-12,32-34] were
included in the present meta-analysis (Figure 1).

Records identified through Additional records identified through other sources
PubMed searching (n=1683)
{n=216)

\/

Records after duplicates removed
{n=1905)
l Records excluded after title screening

/ (n=1818)
\

Records excluded after abstract screening
(n=72)

Records screened
{n=1905)

Records excluded, with reasons (n=5)

Records assessed for E|Ig|b|\| ity ——3 | -investizated the rates of spontanecus conception

(n=15) in women with crhonic endometritis (n=1)
l -included women with recurrent miscarriages
(n=2)

Studies included in gualitative
synthesis
{n=10])

|

Studies included in quantitative
synthesis
(n=10)

Figure 1. PRISMA flow-chart of study screening, selection, and inclusion/exclusion.

3.2. Included Studies

Studies included a total of 4145 patients. All studies were observational: four prospective
studies [6,12,32,34], five retrospective studies [4,9-11,33], and one cross-sectional study [8].

Two studies compared non-CE patients, patients with cured CE, and patients with
persistent CE [12,34]. One study compared patients with cured CE and patients with
persistent CE [4]. Two studies compared non-CE patients, patients with cured CE, and
patients not tested for CE [6,11]. Two studies compared patients with CE and patients
without CE [32,33]. One study compared patients with CE, patients without CE, and
patients with cured CE [8]. Li et al. [9] divided their patients into six groups based on the
number of CD138* cells per HPF (0/HPF, 1/HPF, 2/HPF, 3/HPF, 4/HPF, and >5/HPF)
and compared pregnancy outcome in women with <5/HPF and >5/HPF plasma cells.

Xiong et al. [10] studied different subgroups of patients as well, based on the number
of CD138* cells (0/HPF, 1-4/HPF, >5/HPF) and compared pregnancy outcome between
women with CD138* /HPF < 5 and women with persistent CE after antibiotic therapy. The
characteristics of all included studies are summarized in Appendix B.
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3.3. Patients

Four studies included patients with RIF [4,6,11,12,34]. RIF was defined as the failure of
at least two or three previous (fresh or frozen-thawed) IVF-ET attempts, including at least
one good-quality cleavage-stage embryo or blastocyst transferred per cycle. One study
included patients who had experienced only one previous embryo transfer failure [33].
Four studies analyzed infertile patients with unselected previous ET [8-10,32].

3.4. IVF-Embryo Transfer Cycle

All patients underwent IVF. Information about IVF-ET protocols were not available
for three studies [9,12,33], whereas seven studies reported adequate information about
IVE-ET protocols. Ovarian stimulation was performed through the daily administration of
recombinant FSH (rFSH) alone or in combination with human menopausal gonadotropin
(hMG), using GnRH-ant (fixed or flexible protocol) or GnRH-a (long protocol) for pituitary
desensitization. U-hCG (5000-10,000 IU) was administered when at least two pre-ovulatory
(17 mm) follicles were identified on a transvaginal ultrasound scan. Egg retrieval was
performed 34-36 h after ovulation induction and no more than three embryos or two
blastocysts per cycle were transferred. Specifically, in two studies [4,34] only cleavage-stage
embryos (up to three) were transferred, whereas in the study by Hirata and Kuroda [8,32],
only blastocysts were transferred. In two studies [10,11], embryo transfers were performed
at either the cleavage or blastocyst stage. No data were available on embryo stage in
the study reported by Johnston-MacAnanny and coworkers [6]. Luteal phase support
with either vaginal or intramuscular progesterone was administered in all the studies that
reported information about their protocols.

3.5. Diagnosis of Chronic Endometritis

Plasma cells identification was achieved with hematoxylin and eosin (H&E) stain-
ing alone or in combination with immunohistochemical (IHC) examination for CD-138,
except in Fan et al. [33], who preferred to use only immunohistochemical (IHC) exami-
nation for CD-138. Endometrial specimens were collected during the follicular phase in
six studies [4,10,12,32-34]; Demirdag et al. [11] performed endometrial biopsy either in
the follicular phase of the cycle or mid-luteal phase (cycle days 21-23). In two studies,
endometrial biopsy was performed in mid-luteal phase [8,9]. No information was obtained
in the report made by Johnston-MacAnanny et al. [6].

The diagnosis of CE was made by a single, expert pathologist in four studies [4,6,12,32].
In the studies of Fan et al. [33] and Li et al. [9], two experienced pathologists independently
performed the identification and counting of CD138" cells. The diagnosis of CE was made
by different experienced pathologists in three studies [8,10,34]. Demirdag et al. [11] did not
report any information about the number of the pathologists who evaluated the biopsies.

3.6. Therapy of Chronic Endometritis

First line antibiotic therapy for CE was germ-specific when endometrial culture was
performed [4,8,34] or empiric: doxycycline 200 mg/day for 14 days [6,10,12] or ciprofloxacin
1 g/day and metronidazole 1 g/day for 14 days [11].

3.7. Assessment of Study Quality and Risk of Bias

e  Sample representativeness: three studies had adequate sample representativeness [4,11,33].
Remaining studies were judged at a high risk of bias [6,8-10,12,32,34].

e  Sampling technique: three studies had adequate sampling strategy (consecutive) [8,11,12].
The majority of studies did not provide precise information [4,6,9,10,32-34].

e  Ascertainment of chronic endometritis diagnosis: all studies were at low risk
of bias [4,6,8-12,32-34].

e  Quality of population description: two studies failed to provide a clear description of
the study population or incompletely reported descriptive statistics [12,34]. Remaining
studies were at low risk of bias for this domain [4,6,8-11,32,33].
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Incomplete outcome data: Three studies provided incomplete outcome data [11,12,33].
According to the total number of points assigned, all studies were judged at low risk
of bias (>3 points) [4,6,8-12,32-34] (Table 1).

Table 1. Risk of bias assessment.

Quality of

Authors Sample Samolin Ascertainment Description Incomplete
Representa- ping of CE p Outcome Total Score Risk of Bias
and Year . Technique . . of the
tiveness Diagnosis . Data
Population
Cicinelli et al.
2015 [4] * - * * * *kk ok Low
Demirdag et al.
2021 [11] * * * * - Kk kK Low
Fan et al.
2019 [33] * - * * - KKk Low
Hirata et al.
2021 [32] - - * * * %k k Low
Johnston-
MacAnanny - - * * * Yk k Low
etal. 2010 [6]
Kitaya et al.
2017[12] * * * - - *kk Low
Kuroda et al.
2020 [8] - * * * * Jo A Kk Low
Lietal. * _ * * * Yk kK Low
2021 [9]
Xiong et al. * _ * * * S oo ¢ Low
2021 [10]
Zhang et al.
2019 [34] * - * - * FHk Low

For a detailed description of the criteria used to develop this score, refer to Appendix A. % the study is of fair
quality in the specific domain

Assessment of publication bias was not possible because not enough studies (fewer
than ten) were included in pooled analysis for the primary outcome.

3.8. Synthesis of Results
e CEvs. non-CE

Data from eight studies [6,8-12,32,34] showed significantly lower OPR/LBR (OR 1.97,
95% CI 1.11-3.48, I? = 64%, p = 0.02) and CPR (OR 2.28, 95% CI 1.34-3.86, I? = 70%, p = 0.002)
in patients with CE in comparison to those without CE, with no difference in terms of MR
(p = ns) (Figure 2a—c). The serial exclusion of each study from meta-analysis did not provide
substantial changes to pooled results in terms of OPR/LBR, CPR, and MR. Subgroup
analysis based on the number of previously failed ET did not find statistical differences
(p = ns) (Figure 2a—c).
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Non-CE CE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
2.21RIF
Demirdag etal. 2021 3103 36 129 202% 1.11[0.63,1.87] B
Johnston-MacAnanny etal. 2010 12 23 1 10 5.2% 9.82[1.06, 90.59]
Kitaya etal. 2017 a0 228 0 4 33% 2.581[0.14, 48.63]
Zhangetal 2018 22 126 3 24 11.0% 1.481[0.41,5.40] B —
Subtotal (95% CI) 478 167 39.7% 1.52 [0.75, 3.06] e
Total events 114 40
Heterogeneity: Tau*=0.12; Chi*=3.71,df=3 (P =0.29); F=19%
Testfor overall effect Z=116 (P=0.24)
2.2.2 Unselected number of previous ET
Hirata et al. 2021 14 27 B 26 121% 359[1.10,11.73] —
Kuroda et al. 2020 18 27 3 18 94% 10.00([2.29 4373 I —
Lietal 2021 221 443 142 273 237% 092068, 1.24] -
Hiong etal 2021 42 as 8 26 151% 205[0.81,527] T
Subtotal (95% CI) 585 343 60.3% 2.44[0.90, 6.67] e o
Total events 285 159
Heterogeneity: Tau®= 0.79; Chi*=15.43, df= 3 (P=0.001), F=81%
Testfor overall effect Z=1.74 (P =0.08)
Total (95% CI) 1063 510 100.0% 1.96 [1.11, 3.48] -
Total events 410 1949
he 2 — - 2= —_ —_ SR = ! 1 1 1
Heterogeneity: Tau = 0.33; Chi*=19.38,df=7 (P=0.007), F=64% 'IJ.IJ1 l]:1 1-0 1IJIJ'
Testfor overall effect Z= 232 (P=0.02) CE MNon-GE
Testfor subgroup differences: Chi*= 058, df=1 (P =045, F=0%
(a)
Non-CE CE Odds Ratio Odds Ratio
Study or Subgroup Events Total Bvents Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1RIF
Demirdag et al. 2021 38 103 47 129 164% 1.06[0.62, 1.82] i
Fanetal 2019 Ta a7 23 44 138% 3Ta[1.73,8.14)] —
Johnston-MacAnanny et al. 2010 12 23 2 10 6.2% 4 36[0.76, 25.17] I e —
Kitaya etal. 2017 61 226 i} 4 28% 334018, 63.03)
Zhang etal 2019 40 126 5} 24 116% 1.40[0.81, 3.78] [
Subtotal (95% Cl) 575 211 50.7% 1.98 [1.00, 3.89] -
Total events 230 7a
Heterogeneity: Tau®= 0.28; Chi*=8.40, df=4 (P=0.08); F=52%
Test for overall effect: Z=1.97 (P =0.05)
2.1.2 unselected number of previous ET
Hirata et al. 2021 17 27 8 26 102% 3.83[1.22,11.88] s —
Kuroda et al. 2020 21 27 4 18 8.0% 1225[292 5147 e
Lietal 2021 283 443 172 273 184% 1.04 [0.76,1.427] -
Kiong etal. 2021 58 as 11 268 126% 2.64 [1.08, 6.45] —
Subtotal (95% CI) 585 343 49.3% 2.91[1.04,8.11] i
Total events 378 185
Heterogeneity: Tau®= 0.85, Chi*=17.12, df= 3 (P =0.0007); F=82%
Test for averall effect 2= 2.04 (P = 0.04)
Total (95% CI) 1160 554 100.0% 2.28 [1.34, 3.86] -
Total events 609 73
Heterogeneity: Tau®= 0.37; Chi*= 2624, df=8 (P =0.0010); F=70% f t t i
i 0.0 0.1 10 100
Test for overall effect. 2= 3.06 (P =0.002) CE Mon-GE
Test for subgroup differences: Chi*=0.38, df=1 (P =0.54), F=0%
(b)

Figure 2. Cont.
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Non-CE CE Odlids Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1RIF
Demirdag et al. 2021 ] 39 11 47 18.9% 0.84 [0.30, 2.36] . —
Johnston-MacAnanny et al. 2010 i} 12 1 2 1.8% 0.04 [0.00,1.50] 4
Zhang et al. 20149 18 40 3 B 6.8% 0.82[0.15, 4.56] e
Subtotal (95% CI) 91 55 27.2% 0.65[0.22, 1.92] ot
Total events 26 15

Heterogeneity. Tau®=0.24, Chi®= 2,56, df= 2 (P = 0.28), F= 2%
Testfor overall effect Z=079(P=0.43)

2.3.2 Unselected number of previous ET

Hirata etal. 2021 3 17 2 g 4.9% 0.64 [0.08, 4.89] e
Kuroda et al. 2020 3 21 1 4 30% 0.50[0.04, 6.45]

Lietal 2021 36 283 18 172 554% 1.25[0.68, 2.27]

Hiong etal. 2021 16 58 3 11 96% 1.02[0.24, 4.32]

Subtotal (95% CI) 379 195 72.8% 1.12 [0.66, 1.89]

Total events a8 24

Heterogeneity: Tau®=0.00; Chi*= 081, df= 3 (P =085} F=0%
Testfor overall effect Z=042 (P =0.68)

Total (95% CI) 470 250 100.0% 0.99 [0.63, 1.54] -
Total events a4 kL]
Heterogeneity: Tau®=0.00; Chi*= 417, df= 6 (F = 0.65) F=0% I f 1
Test for overall effect: Z=0.06 (P =0.958) ' ' CE Mon-CE
Test for subgroup differences: Chif=0.79, df=1 {P=0.37), F=0%

(c)

Figure 2. Pooled data analysis comparing CE versus non-CE: (a) ongoing pregnancy rate/live birth
rate; (b) clinical pregnancy rate; (c) miscarriage rate [6,8-12,32-34].

e CEvs. cured CE

We found higher OPR/LBR (OR 5.33, 95% CI 2.41-11.79, I? = 0%, p < 0.0001) and CPR
(OR 3.64, 95% CI 1.89-7.04, 1? = 0%, p = 0.0001) in patients with cured CE in comparison
to those with untreated /persistent CE (data from four studies [4,8,12,34]), with borderline
significance in terms of MR (p = 0.05) (Figure 3a—c). The serial exclusion of single studies
from meta-analysis did not provide substantial changes to pooled results for OPR/LBR
and CPR. Sensitivity analysis was not feasible for MR. Subgroup analysis based on the
number of previously failed ET did not find statistical differences (p = ns; data not shown).

Cured CE CE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cicinellietal. 2014 28 46 2 19 2445% 1011 [2.04, 5014 - &
Kitaya etal. 2017 45 116 1] 4 T.3%  5.73[0.30,108.91] *
Kuroda et al. 2020 11 29 3 18 30.0% 306 [0.72,13.01] I L
Zhang etal. 20149 a7 a5 3 24 382% 5.40[1.50,19.47] —
Total (95% CI) 276 61 100.0%  5.33[2.41, 11.79] B
Total events 121 a
Heterogeneity: Tau = 0.00; Chi*=118,df =3 (P =076), F=0% 'D.IZI1 DH 1'D 1DIZI'
Testfor overall effect Z=4.13 (P = 0.0001) CE Cured CE

(a)

Figure 3. Cont.
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Cured CE CE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cicinelli et al. 2014 30 46 a 15 285% 3.75[1.09,12.87] —
Kitaya etal. 2017 53 1186 1] 4 50% Y.58[0.40,144.08] +
Kuroda etal. 2020 15 29 4 18 246% 3.75[0.99, 14.16] |
Zhang et al. 2019 44 as ] 24 41.9% 3.22[1.16, 8.90] —a—
Total (95% CI) 276 61 100.0% 3.64 [1.89, 7.04] -
Total events 142 14
Heterogeneity: Tau®= 0.00; Chi*= 0.30, df= 3 (P = 0.96) F= 0% =D 01 IZI=1 150 1DD=
Test for overall effect; 2= 3.85 (P = 0.0001) ' ’ CE Cured CE

(b)

Cured CE CE Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
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Figure 3. Pooled data analysis comparing CE versus cured CE: (a) ongoing pregnancy rate/live birth
rate; (b) clinical pregnancy rate; (c) miscarriage rate [4,8,12,34].

e Cured CE vs. non-CE

Analysis of 609 patients from three studies [4,8,34] did not show any difference be-
tween groups in terms of OPR/LBR, CPR, and MR (p = ns) (Figure 4a—c). Sensitivity and
subgroup analyses were not feasible (1 = 3 studies included in meta-analysis).
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Total events 26 a0

Heterogeneity, Tau®= 0.79; Chi*=14.91, df=2 (P=0.0006), F= 87% I I f !
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Figure 4. Cont.
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Figure 4. Pooled data analysis comparing non-CE versus cured CE: (a) ongoing pregnancy rate/live
birth rate; (b) clinical pregnancy rate; (c) miscarriage rate [8,12,34].

CE vs. non-tested for CE

Pooled analysis of data on 1556 patients from two studies [6,11] showed lower
OPR/LBR (OR 0.55, 95% CI 0.37-0.82, I? = 0%, p = 0.003) and CPR (OR 0.59, 95% CI 0.41-0.85,
12 = 0%, p = 0.005) in women with untreated CE compared to those not tested for CE. No
difference was found in MR (p = ns) between comparators (Figure 5a—c). Sensitivity and
subgroup analyses were not feasible (1 = 2 studies included in meta-analysis).
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Johnston-MacAnanny et al. 2010 1 2 30 197 B.2% 557 [0.34, 91.44]
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Figure 5. Pooled data analysis comparing CE versus non-tested for CE: (a) ongoing pregnancy

rate/live birth rate; (b) clinical pregnancy rate; (c) miscarriage rate [6,11].
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e Severe CE vs. mild CE

Data from two studies [9,10] showed that severe CE (> 5 plasma cells/HPF) was
associated with significantly lower OPR/LBR (OR 0.43, 95% CI 0.25-0.74, I? = 0%, p = 0.003)
and CPR (OR 0.40, 95% CI 0.24-0.68, 1> = 0%, p = 0.0007) compared to mild CE (1-4 plasma
cells/HPF), with no difference in MR (Figure 6a—c). Sensitivity and subgroup analyses

were not feasible (n = 2 studies included in meta-analysis).
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Figure 6. Pooled data analysis comparing severe versus mild CE: (a) ongoing pregnancy rate/live

CE 1-4 pc/hpf CE =5 pofhpf

birth rate; (b) clinical pregnancy rate; (c) miscarriage rate [9,10].

e Mild CE vs. non-CE

No difference was found between groups [9,10] in terms of OPR/LBR, CPR and MR
(p = ns). Sensitivity and subgroup analyses were not feasible (n = 2 studies included in

meta-analysis) (Figure 7a—c).
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Figure 7. Pooled data analysis comparing mild CE versus non-CE: (a) ongoing pregnancy rate/live
birth rate; (b) clinical pregnancy rate; (c) miscarriage rate [9,10].

4. Discussion
4.1. Main Findings and Implications

This present systematic review summarized for the first time the available evidence
on the impact of CE, its cure, and severity on IVF outcome. The analysis included a total of
4145 infertile patients from 10 observational studies [4,6,8-12,32-34], of which 1716 were
women with RIE. The overall quality of the included studies was fair (no study judged at
high risk of bias).

Importantly, women without CE showed significantly higher OPR/LBR (OR 1.97,
95% CI 1.11-3.48) and CPR (OR 2.28, 95% CI 1.34-3.86) compared to women suffering
from CE. This finding, consistent across all study populations with variable numbers
of previously failed embryo transfers (p < 0.05), reinforces our previous results on the
negative effects of CE on embryo implantation [28] and extends the evidence to all women
undergoing IVFE. In addition, the analysis is now more robust, as it relies on a large number
of studies [4,6,8-12,32-34] with unambiguous diagnostic approaches for the diagnosis of
CE (i.e., CD-138 immunohistochemistry).

Several factors may be involved in CE-related impaired reproductive failure [14]. The
disease is primarily caused by abnormal intrauterine bacterial proliferation, as demon-
strated by microbiological studies [1,35,36], and further confirmed by a high rate of CE
cure after antibiotic therapy [26,37]. Intrauterine infection leads to a specific cytokine and
leukocyte pattern in order to prepare the uterus to fight the noxa [13,16]. Specifically, the
immunosuppression needed for embryo implantation is converted into an immunoreaction.
On the one hand, such a reaction may disrupt the embryo—endometrial crosstalk and
hamper the process of blastocyst invasion [14]. On the other hand, sustained up-regulation
of proliferative genes and down-regulation of apoptotic genes [18] (required for endome-
trial reaction) may promote the development of proliferative lesions such as (micro and
macro) polyps [18,38,39]. Moreover, significant and severe alterations in the vascularization
and decidualization of secretory endometrium [6,40] may further contribute to receptivity
impairment in CE.

Interestingly, women with CE showed also poorer IVF outcomes compared to a group
of patients not screened for CE (OPR/LBR: OR 0.55, 95% CI 0.37-0.82; CPR: OR 0.59,
95% C1 0.41-0.85; p < 0.05). This comparison was based on data from two studies [6,11],
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and our confidence in the effect estimate is therefore limited. It implies that the data should
be interpreted with caution. Nevertheless, if this result is confirmed by future studies,
it may theoretically justify offering CE screening before IVF for the identification (and
treatment) of a subgroup of women with expected poor reproductive prognosis. This
principle is reinforced by the significant improvement of the IVF outcome after CE cure
emerging from additional analyses included in this review. Indeed, the OPR/LBR and CPR
after CE cure were considerably higher compared to those of women with untreated or
persistent CE (OR 5.33, 95% CI 2.41-11.79; OR 3.64, 95% CI 1.89-7.04; all p < 0.05), with
low statistical inconsistency (I> = 0%). Surprisingly, women with cured CE had similar IVF
success compared to women without CE (p > 0.05), potentially suggesting a “restitutio ad
integrum” of endometrial receptivity towards the embryo after the removal of CE.

Separate considerations are needed to simplify the interpretation of our findings on
MR, which apparently deviate from those of other outcomes (OPR/LBR, CPR). Our meta-
analysis found no effect of CE on MR, nor any advantages in terms of MR improvement
after CE cure (borderline significance; p = 0.05). We can speculate that miscarriage has many
different etiopathogenetic factors related to either the mother or the embryo, and therefore
it can be only moderately influenced by CE (and its cure) [41-44]. In particular, embryo
aneuploidy is considered as the principal factor of miscarriage, and advanced maternal age
(>35 years old) is the main risk factor [41,45,46]. In this regard, the majority of included
studies enrolled also patients of advanced age up to 44 [9], 40 [32], 39 [4,10,11], and 38 [33]
years old. Other studies (in which patients” age cut-off was not specified) reported mean
patients” age close to 35 years old [6] or higher than 35 years old [8,12] and therefore in-
cluded a certain proportion of women aged >35 years. No study applied pre-implantation
genetic testing for aneuploidies. The only study on young women (<35 years old) was
by Zhang et al. [34], in which women suffering from CE showed a trend towards higher
MR compared to healthy women or women with cured CE. Another reflection about MR
should account for statistical issues inherent to small sample sizes of the comparators, with
high risk of type II error. Notably, any comparisons involving MR will be underpowered
compared to those involving CPR or OPR/LBR in a definite study population. For instance,
if we consider a number of patients (N) enrolled in a certain study, of whom 50% achieve
a clinical pregnancy, the sample size for MR will be 50% lower than CPR and OPR/LBR
(i.e., N/2). Accordingly, the total number of patients and events included in our review
is insufficient to draw a definitive conclusion on the impact of CE and its cure on MR
after IVE.

Non-conclusive but intriguing findings of our review come from our secondary analy-
ses on the impact of severe CE (i.e., >5 plasma cells/HPF) and mild CE (i.e., 1-4 plasma
cells/HPF) on the IVF outcome. Data from two studies showed that severe CE was associ-
ated with lower OPR/LBR (OR 0.43, 95% CI 0.25-0.74) and CPR (OR 0.40, 95% CI 0.24-0.68)
than mild CE (p < 0.05). Nevertheless, women with mild CE showed similar OPR/LBR and
CPR as compared to women without CE (p > 0.05). These data were consistent with the
findings of Fan et al. [33] and Li et al. [9] in that the higher the number of cells expressing
CD138, the worse the outcome of IVE. Although the opportunity to classify CE in mild and
severe forms is tempting for practical reasons, available evidence is insufficient to consider
“mild CE” (defined as 1-4 plasma cells/HPF) as a benign condition [27]. The choice to
classify CE exclusively based on plasma cell counts is practical but potentially misleading.
When endometrial biopsy is performed with a blind method (i.e., by using a Pipelle or
a curette), the reliability of the CE classification may depend on the amount of endometrial
tissue captured, especially if the distribution of plasma cells is heterogeneous throughout
the endometrial surface. Moreover, in the case of focal CE, the disease can be underesti-
mated due to the random nature of tissue collection, potentially sampling healthy areas of
the uterine cavity. Last but not least, if plasma cells are counted based exclusively on CD138
staining, overestimation of CE may sometimes occur due to background reaction [25].

According to our recent experience, hysteroscopy may represent an add-on technique
for the diagnosis of CE [5,24,26], especially in the case of diagnostic uncertainties [47,48].
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Through a visual evaluation of the whole endometrial surface, hysteroscopy may allow
the recognition of specific endometrial changes consistent with severe CE (e.g., microp-
olyps) [49]. In this regard, inconsistency has been previously demonstrated between the
diagnoses of CE achieved by plasma cell count and those obtained by hysteroscopy [5,16,24].
For this reason, it cannot be excluded that the combination of the two techniques may
provide higher diagnostic and prognostic value compared to immunohistochemistry alone.
For example, in the study by Yang et al. [50], those patients in whom control hysteroscopy
showed disappearance of CE “signs” had greater IVF success compared to women in whom
immunohistochemistry demonstrated CE cure (i.e., no residual plasma cells). Last but
not least, hysteroscopy may be a useful instrument for undertaking endometrial tissue
sampling under visual control (e.g., sampling the areas in which CE is suspected) [51,52].
Nevertheless, although the use of hysteroscopy with direct biopsies is consolidated in the
approach to focal endometrial lesions [53-55], its effectiveness has still not been evalu-
ated for CE.

4.2. Strengths and Limitations

To the best of our knowledge, this is the largest meta-analysis evaluating the effects of
untreated CE, its severity, and CE therapy on IVF outcome. Originality, rigorous method-
ology, and the inclusion studies with low risk of bias are the main strengths. Limitations
are inherent to the small number of patients and studies included in specific analyses,
heterogeneity in patients’ characteristics (including IVF cycles and days for embryo transfer
[cleavage stage vs. blastocyst stage embryos]), variability in therapeutic schemes for CE
among studies, and inclusion of patients of advanced age (>35 years old) without adjusting
for embryo aneuploidy.

5. Conclusions

CE may significantly reduce OPR/LBR and CPR in women undergoing IVFE. Impor-
tantly, CE resolution after antibiotic therapy seems to improve the reproductive outcome in
those women, leading to similar IVF outcomes as compared to unaffected patients.

Low quality evidence suggests that the negative effects of CE on IVF outcome may
be restricted to severe disease (>5 plasma cells/HPF), whereas mild CE (1-4 plasma
cells/HPF) may be non-harmful for embryo implantation.

Future randomized controlled studies are needed to test the effectiveness of offering
CE screening to the general IVF population with the purpose of improving OPR/LBR.
Additionally, further studies assessing the impact of mild CE on IVF outcome and the
usefulness of hysteroscopy in this condition are recommended.
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Appendix A Modified Newcastle-Ottawa Scoring Items
(1)  Sample representativeness:

1 point: Sample size was greater than or equal to 100 participants and exclusion rate
was lower than 20%.

0 points: Sample size was fewer than 100 participants or exclusion rate was higher
than 20%.

(2) Sampling technique:

1 point: Patients recruited consecutively or randomly (randomization criteria clarified).
0 points: Potential convenience sampling or unspecified sampling technique.

(8) Ascertainment of chronic endometritis diagnosis:

1 point: The study employed a commonly used histopathological technique (hema-
toxylin and eosin staining and /or immunohistochemistry with CD-138), with clear diag-
nostic criteria for chronic endometritis.

0 points: The study employed an infrequently used histopathological technique,
without a clear explanation of histological criteria for diagnosis of chronic endometritis.

(4)  Quality of population description:

1 point: The study reported a clear description of the population (e.g., age, kind
of reproductive disorder, diagnostic criteria for the reproductive disorder) with proper
measures of dispersion (e.g., mean, standard deviation).

0 points: The study did not report a clear description of the population, incompletely
reported descriptive statistics, or did not report measures of dispersion.

(5)  Incomplete outcome data:

1 point: The study reported complete data about clinical pregnancy rate, ongoing
pregnancy/live birth rate, miscarriage rate.

0 points: Selective data reporting cannot be excluded.

The individual components listed above are summed to generate a total modified
Newcastle-Ottawa risk of bias score for each study. Total scores range from 0 to 5.

For the total score grouping, studies were judged to be of low risk of bias (>3 points)
or high risk of bias (<3 points).



Diagnostics 2022, 12, 2250

16 of 26

Appendix B General Features of the Studies

Study Design,
Country, and Period
of Enrollment

Authors
and Year

Participants and Main
Inclusion Criteria

IVE-ET Cycle

Methods

Diagnostic
Criteria of CE

Groups

Outcomes

Retrospective study
Cicinelli et al. Italy
2015 [4] _
January 2009-
June 2012

106 RIF patients undergoing
IVF-ET cycle
-Unexplained infertility
-Age <40 years
-At least 6 good quality embryos
transferred in >3 previous
IVE/ICSI cycles
-Normal karyotype
-FSH on day 3 <10 mUI/mL
-BMI < 30 kg/m?

-No previous surgery for myoma
and/or endometriosis
-No condition interfering with
immune system
-No antiphospholipid syndrome
or thrombophilic condition
-No antisperm antibodies

-GnRH-ant with flexible
or fixed scheme
-rFSH (175-225 IU/day)
-U-Hcg (10,000 UI) at
follicle size 17 mm (>2).
-Egg retrieval 34 h after
ovulation induction
-<3 embryos transferred
(of which at least one
with good quality) on
day 3 of culture
-Luteal phase
support with
vaginal progesterone

-Diagnostic HSC
-EB
-HIS examination
-Endometrial culture
-Antibiotic therapy
(when appropriate)
-Control EB
-IVF cycle

1-5 plasma
cells/HPF or
discrete clusters of
<20 plasma cells by
CD138 staining

Group A: patients
with cured CE
(n =46)
Group B: patients
with persistent
CE (n=15)

-Clinical
pregnancy rate
-Ongoing
pregnancy/live
birth rate
-Miscarriage rate
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Study Design, .. . . .
Authors . Participants and Main Diagnostic
- Method .o Groups Outcomes
and Year Country, and Period Inclusion Criteria IVE-ET Cycle ethods Criteria of CE roup
of Enrollment
1164 patients undergoing IVE-ET Exogenous
cycle (232 RIF) gonadotropins, rFSH
L 1 ith hMG
-At least 4 good quality embryos fl GOEEE; ;Eca onist
transferred in >3 previous cetrorelix at follgicle size Group 1: patients
IVE/ICSI cycles ~14 mm or with treated CE
Retrospective study -Age < 40 years E2 > 300 pg/mL EB (n= 1292 “Implantation
-Normal karyotype I Group 2: patients
. . . -thCG (250 mcg) at - HIS examination ; rate
Demirdag et al. Turkey -Normal uterine cavity . . S >1 plasma without CE ..
. .. follicle size 18 mm (>2).  -Antibiotic therapy -Clinical
2021 [11] —_— -normal antiphospholipid . - . cell/HPF (n=103)
bod . -Egg retrieval 36 h after (when appropriate) Group 3: patients pregnancy rate
September 2016~ ;.mtl odly testing ovulation induction -IVF cycle Po b -Live birth rate
December 2019 -no previous surgery for myoma 1 to 2 top-qualit undergoing the
and/or endometriosis embrvos tr;ilgferrec}ll on first IVF cycle
-no male factors infertility y dav 3 or 5 (n=932)
- no autoimmune diseases, y
. o -Luteal phase
ar'ftlphosphohpld support with
antibody syndrome, vaginal progesterone
endocrinological disorders
141 patients undergoing
1IVF-ET cycle
Retrospective study L Two methods:
—_— “Atleast 2 high qu‘ahty fresh >1 plasma Group 1: <1 -Implantation
Fan et al China embryos transferred in a previous EB cell/section CD138*(n =97) rate
) IVE/ICSI cycle - -HIS examination .
2019 [33] o IVE vl or Group 2: >1 -Clinical
December ~Age 20-38 years mYrayce >1 plasma CD138* (n = 44) pregnancy rate
BMI: 18-25 Kg/m? p gnancy
2016-July 2018 : & cell/mm?

- Normal uterine cavity
-no endometriosis, adenomyosis,
hydrosalpinx, fibroids
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Study Design, .. . . .
Authors Country, and Period Part1c1pa.nts anfi Maln IVF-ET Cycle Methods Plasnostlc Groups Outcomes
and Year Inclusion Criteria Criteria of CE
of Enrollment
. . -GnRH-a or GnRH 'Four d,l ffer?nt' Based on the
53 patients undergoing diagnostic criteria: . .
ant protocol . diagnostic
. IVE-ET cycle . -Oocyte retrieval and ->1 plasma L
Prospective study -oocyte retrieval and . criterion: (>1;
— . blastocyst freezing cell/10 HPFs .
—_— blastocyst freezing . . >2;>3,>4) -Clinical
. -Age <41 years . -Diagnostic HSC ->2 plasma .
Hirata et al. Japan ; . -Single blastocyst transfer Group A: patients ~ pregnancy rate
-Normal uterine cavity s -EB cell/10 HPFs . . .
2021 [32] _ . . - within 90 days of . with CE (26; 19; -Live birth rate
-Unexplained infertility .o -HIS examination ->3 plasma . .
June 2014 . endometrial tissue . 14; 11) -Miscarriage rate
- No history of RIF or RPL . . - single cell/10 HPFs .
September 2017 L . sampling with Group B: patients
- No genetic disorders, endocrine 2 hormone blastocyst transfer ->4 plasma without CE (27;
diseases or autoimmune diseases cell/10 HPFs ’
replacement cycle 34; 39; 42)
-GnRH-a or GnRH .
ant protocol Group 1: patients
518 RIF patients undergoing +FSH alone or with hMG with treated CE
Prospective stud IVE-ET cycle U-Hcg (5000 or ‘EB (n =10)
p y 33 with an EB and 485 without 8 ) . -HIS examination Group 2: patients -Clinical
Johnston- —_— 10000 UTI) at follicle size . .
an EB -Antibiotic therapy >1 plasma without CE pregnancy rate
MacAnanny et al. USA 17 mm (>2). . ;
—_— . (when appropriate) cell/HPF (n=23) -Ongoing
2010 [6] —_— . . -Egg retrieval 35 h after ) )
At least 1 good quality embryos L . Control EB Group 3: RIF pregnancy rate
2001-2007 . . ovulation induction . .
transferred in >2 previous Luteal phase -IVF cycle patients who did
IVE/ICSI cycles pha not have an EB
support with

vaginal progesterone

(n = 485)
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Study Design,

Authors Country, and Period Part1c1pa.nts anfi Maln IVF-ET Cycle Methods Plasnostlc Groups Outcomes
and Year Inclusion Criteria Criteria of CE
of Enrollment
ESPDI > 0.25 The
' 421 RIF patients undergoing up to “Diagnostic HSC endometrial Gro'up A: patients
Prospective cohort three IVF-ET cycle EB stromal plasmacyte with cured CE Clinical
study T -HIS examination density index (n =116) regnancy rate
. E— -IVF failure with three . (ESPDI) was Group B: patients pregn .y
Kitaya et al. . -Endometrial culture . . -Ongoing
Japan or more morphologically good - . calculated as the with persistent .
2017 [12] -Antibiotic therapy pregnancy/live
— cleavage-stage (when appropriate) sum of the stromal CE(n=4) birth rate
November 2011- embryos and/or pprop CD138* cell counts  Group C: patients . .
-Control EB .. - -Miscarriage rate
July 2014 blastocysts transferred. divided by the without CE
. . -IVF cycle
-No intrauterine pathology number of the (n =226)

HPF evaluated.
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Study Design, .. . . .
Authors Country, and Period Part1c1pa.nts anfi Maln IVF-ET Cycle Methods Plasnostlc Groups Outcomes
and Year Inclusion Criteria Criteria of CE
of Enrollment
-clomiphene
citrate or letrozole in
combination with rFSH
or hMG
-hCG 250 pg or nasal
buserelin acetate spray
600 pg at follicle size )
Cross sectional stud 217 mm (22) -EB G:ziueié (1111 Cln?’gf -hCG
Y -Egg retrieval 35 h after -IHC staining >5CD138* P e positive rate
. . L . . Group B: CE .
88 infertile women ovulation induction -ERA testing plasma cells . -Clinical
Kuroda et al. Japan . - patients (n = 19)
2020 [8] o _— -Conventional IVF -Antiobiotic therapy per 10 random at ERA testing: pregnancy rate
June 2018 -No intrauterine pathology or ICSI (when appropriate) stromal areas at Group C: & -Miscarriage rate
- All embryos were -Control EB x400 magnification. P . -Ongoing
February 2020 cured-CE patients
cryopreserved at -IVF cycle (n = 36) pregnancy rate

blastocyst developmental
stage >4 in the Gardner
classification using the
vitrification method
-endometrium prepared
for ET via a hormone
replacement cycle
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Authors Countryf’and I;geriod Part1c1pa.nts anfi Maln IVF-ET Cycle Methods Plasnostlc Groups Outcomes
and Year Inclusion Criteria Criteria of CE
of Enrollment
Group A:
0CD138*/HPF
in all of the
Six different 30 selected HPFs
diagnostic criteria (n =433);
- 0 plasma cell/HPF Group B:
in all of the 1 CD138*/HPF in
30 selected HPFs; at least 1 out of
-1 plasma cell/hpfs 30 selected HPFs
in at least 1 out of (n=178);
30 selected HPFs; Group C:
. . . . -2 plasma 2 CD138* /HPF
Retrospective study 716 mfertl}s/ﬁa];l?nts undergoing . cell/HPFs in at in at least 1 out of
— BT cycle i endom(?trlal least 1 out of 30 selected HPFs -Clinical
Lietal. China o scratching 30 selected HPFs; (n=33); pregnancy rate
- <45 years; -EB . .
2021 [9] — . . L -3 plasma Group D: -Live birth rate
Between 2017 i erlldometr.la'l sc.ratchmg -HIS examination cell/HPFs in at 3CD138"/HPF  -Miscarriage rate
- previous antibiotic treatment -IVF .
and 2018 for CE least 1 out of in at least 1 out of
30 selected HPFs; 30 selected HPFs
-4 plasma (n=18);
cell/HPFs in at Group E:
least 1 out of 4 CD138* /HPF
30 selected HPFs; in at least 1 out of
->5 plasma 30 selected HPFs
cell/HPFs in at (n=6);
least 1 out of Group F:
30 selected HPFs;  >5CD138"* /HPF
in at least 1 out of
30 selected HPFs

(n=38);
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Study Design,

Authors . Participants and Main Diagnostic
- Method .o G Outcomes
and Year Country, and Period Inclusion Criteria IVE-ET Cycle erhods Criteria of CE roups
of Enrollment
Group 1: patients
with
-GnRH a or GnRH CD138" /HPF = 0
ant protocol: (n = 88);
TESH or hMG Group 2: at,ients
-GnRH a or GnRH P
640 infertile patients undergoing _ antmild CD138* /HPF 1-4
IVE-ET cycl stimulation protocol: with antibiotic
mhaee oral clomiphene citrate treatment
) day + hMG f
-No antibiotic treatments before 100mgt/heaf)ilft1 da;; rom (n =116);
G 3: patient:
thaeg};yjtzéos‘:;)rzy “hCG (10,000 TU) roupWitia ients
- y ; . .
or recombinant -Implantation
- CD138* /HPF 14
1 l\kl)m;aSleiS E;IOhI([)JH/rEmed hCG (250 mg) when -Diagnostic HSC without/antibiotic rate
Retrospective study eve ;(2 60 pg,/mL); an >3 follicles reached -EB treatment -Clinical
Xiong et al. — <60 ps/m 5 a mean diameter of -HIS examination pregnancy rate
. -BMI < 30 Kg/m*; . >1 plasma (n =199). ) .
2021 [10] China 18 mm; -Antibiotic therapy -Live birth rate
-Normal parental . . cell/HPF
— ibheral karvot ) - Oocyte retrieval (when appropriate) Group 1: patients -Early pregnancy
June 2017-June 2018 F perip T;a aryo fypes, ) was performed -Control EB pw.itI}i loss rate
mrrozen }elm 6ry0 trf}r: s efl:[ cycles 36 h after -IVF cycle CD138* /HPF 04 -Cumulative live
Wltt-lk? t.m(tm tS a ir hCG administration; (1 = 403); birth rate
" iOI\;C lilifimen “Luteal phase Group 2: ati,ents
. onE - support with intra- up < p
- no primary ovarian insufficiency muscular injection with cured CE
- no previous surgery for myoma of progest ; rone (n=211);
or endome?trlosw,‘ (60 mg daily) or _._ .
- normal uterine cavity once daily Group 1: patients
with
vaginal progesterone CD138" /HPF 04
combined with (1 = 403);
dydrogesterone R
, Group 2: patients
(10 mg 3 times a day).

with persistent
CE (n = 26);
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Study Design, . . . . .
Authors Country, and Period Part1c1pa.nts anfi Maln IVF-ET Cycle Methods Plasnostlc Groups Outcomes
and Year Inclusion Criteria Criteria of CE
of Enrollment
-rFSH (175-225 IU /day)
298 RIF patients undergoing -U-Hcg (10,000 UI) at .
. 1IVF-ET cycle follicle size 17 mm (>2) -Diagnostic HSC Grou'p I patients
Prospective . without CE .
R -Egg retrieval 36 h after -EB -Implantation
cohort study .. . .. (n=126)
o -age < 35 years ovulation induction - HIS examination Group 2 patients rate
Zhang et al. . ->three failed IVF-ET cycles or -<3 embryos transferred -intrauterine >1 plasma . P =P -Clinical
China . . . o, with cured CE
2019 [34] _ >6 high-quality (of which at least one antibiotic therapy cell/HPF (n = 85) pregnancy rate
February 2015 embryo trar.lsferre(.i with good quality) on (when appropriate) Group 3: patients -L.1V.e birth rate
-Normal uterine cavity day 3 of culture -Control EB . . -Clinical loss rate
June 2017 with persistent
-Normal parental - Luteal phase support -IVF cycle

peripheral karyotype.

with intramuscular

progesterone 60 mg daily

CE (n = 24)

BMI: body mass index; CE: chronic endometritis; E2: estradiol; EB: endometrial biopsy; ERA testing: endometrial receptivity array testing; ET: embryo transfer; FSH: follicle-stimulating hormone;
GnRH-a: GnRH agonist; GnRH-ant: gonadotropin releasing hormone antagonist; HIS: histology; hMG: human menopausal gonadotropin; HPF: high power fields; HSC: hysteroscopy;
ICSI: intracytoplasmatic sperm injection; IU: international unit; IVF: in vitro fertilization; RIF: recurrent implantation failure; RPL: recurrent pregnancy loss; rFSH: recombinant FSH;
r-Heg: recombinant human chorionic gonadotropin; U-Heg: urinary human chorionic gonadotropin.
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