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ABSTRACT

Aim of Study: To characterize the microbiological, histopathological, and radiological features of the
endometrial microenvironment in women with recurrent implantation failure (RIF) compared to fertile
controls.

Study Duration: January 2025 to August 2025.

Study Place: Gujranwala Medical College/Teaching Hospital Gujranwala & Faryal Dental College,
Shaikupura.

Methodology: A prospective case-control study was conducted involving 60 women with recurrent
implantation failure (defined as failure to achieve clinical pregnancy after transfer of at least three good-
quality embryos) and 60 age-matched fertile controls with at least one live birth. Endometrial samples
were obtained during the mid-luteal phase using Pipelle curette. Microbiological analysis included
culture and PCR for common pathogens. Histopathological examination was performed using
hematoxylin and eosin staining, with immunohistochemistry for CD138 to diagnose chronic
endometritis. Radiological assessment included transvaginal ultrasound and saline infusion sonography.
Statistical analysis used chi-square tests, t-tests, and multivariate logistic regression.

Results: Chronic endometritis was diagnosed in 38.3% of RIF patients compared to 6.7% of controls
(p<0.001). The most common pathogens identified were Streptococcus spp. (18.3%), E. coli (15.0%),
and Enterococcus spp. (11.7%). Endometrial thickness was significantly lower in RIF patients (7.2+1.8
mm vs 9.84+2.1 mm, p=0.002). Abnormal vascularity patterns were observed in 45.0% of RIF patients.
Subendometrial contractions were increased in RIF patients (4.8+1.2 per minute vs 2.1£0.8 per minute,
p<0.001).

Conclusion: Recurrent implantation failure is significantly associated with chronic endometritis,
specific bacterial colonization, abnormal endometrial vascularity, and altered contractility patterns.
Comprehensive microbiological and histopathological evaluation of the endometrium should be
considered in RIF patients before subsequent embryo transfer attempts.

Keywords: Recurrent implantation failure, chronic endometritis, endometrial microbiome,
histopathology, radiological characterization, assisted reproductive technology.

INTRODUCTION
Recurrent implantation failure (RIF) represents
one of the most challenging clinical scenarios in

experience repeated failures of embryo
implantation  following the transfer of
morphologically normal embryos [1]. The

reproductive medicine, affecting approximately
10-15% of couples undergoing in vitro
fertilization (IVF) treatment. Despite significant
advances in embryo culture techniques, genetic
screening capabilities, and laboratory protocols,
a substantial proportion of patients continue to

emotional, financial, and psychological burden
of RIF on affected couples is profound, often
leading to treatment discontinuation and
significant  distress.  Understanding  the
multifactorial etiology of RIF has therefore
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become a priority in reproductive medicine
research.

The endometrium serves as the critical
interface between the maternal host and the
developing embryo, and its proper functioning
is essential for successful implantation. The
implantation window, which typically occurs
between days 20-24 of a normal menstrual
cycle, represents a limited period during which
the endometrium acquires receptivity to the
implanting blastocyst. This process involves
complex morphological, biochemical, and
molecular changes, collectively termed
endometrial receptivity [2]. Disruptions in any
of these processes can lead to implantation
failure, even when the embryo itself is
chromosomally normal and developmentally
competent.

Traditionally, research into RIF has focused
predominantly on embryonic factors, including
aneuploidy, and parental genetic abnormalities.
However, accumulating evidence suggests that
endometrial factors contribute significantly to
implantation success. Among these, chronic
endometritis has emerged as a potentially
treatable cause of RIF, with reported
prevalence rates ranging from 15-40% in
affected populations compared to 5-10% in
fertile controls [3]. Chronic endometritis is a
persistent inflammatory condition of the
endometrial mucosa characterized by the
presence of plasma cells within the endometrial
stroma. This condition often results from
ascending bacterial infection, although viral and
other microbial agents may also be involved.
The endometrial microbiome has only recently
been recognized as a crucial determinant of
reproductive outcomes. Traditional culture-
based methods significantly underestimate
microbial diversity, but the advent of next-
generation sequencing technologies has
revealed a complex microbial ecosystem within
the uterine cavity [4]. Lactobacillus-dominant
profiles have been associated with favorable
reproductive outcomes, whereas dysbiotic
profiles characterized by diverse non-
Lactobacillus species have been linked to
implantation failure, pregnancy loss, and
adverse pregnancy outcomes. The precise
mechanisms by which endometrial microbiota
influence implantation remain incompletely
understood but may involve modulation of local
immune responses, alteration of cytokine
profiles, and direct effects on epithelial cell
function.

Histopathological abnormalities beyond chronic
endometritis have also been implicated in RIF.
These include inadequate secretory
transformation, disordered proliferation,

endometrial hyperplasia, and subtle
inflammatory infiltrates that may not meet strict
diagnostic criteria for chronic endometritis but
nevertheless impair endometrial function [5].
The diagnostic utility of traditional histological
dating, as described by Noyes and colleagues,
has been questioned in the context of RIF, with
studies demonstrating poor reproducibility and
limited correlation with clinical outcomes.
Nevertheless,  thorough histopathological
evaluation remains an essential component of
the diagnostic workup, particularly when
specific abnormalities such as polyps,
synechiae, or inflammatory lesions are
suspected.

Radiological assessment of the endometrial
cavity and its surrounding environment
provides complementary information that is
essential for the comprehensive evaluation of
RIF patients. Transvaginal ultrasound remains
the first-line imaging modality, offering
information about endometrial thickness,
echogenicity, pattern, and vascularity [6].
Three-dimensional ultrasound and power
Doppler angiography have enhanced our ability
to assess endometrial and subendometrial
blood flow, which is increasingly recognized as
an important predictor of implantation success.
Adequate blood supply to the endometrium
ensures appropriate oxygen and nutrient
delivery to the developing embryo and
facilitates the removal of metabolic waste
products. Impaired vascularity, as suggested by
reduced subendometrial blood flow or elevated
pulsatility and resistance indices, has been
associated with poor reproductive outcomes.
Saline infusion sonography (SIS), also known as
sonohysterography, provides detailed
evaluation of the endometrial cavity and is
superior to conventional ultrasound for
detecting intrauterine pathologies such as
polyps, fibroids, adhesions, and septa [7].
These structural abnormalities can physically
impede embryo implantation or create a hostile
local environment. Hysteroscopy, while more
invasive, remains the gold standard for direct
visualization of the endometrial cavity and
allows for simultaneous diagnosis and
treatment of intrauterine lesions. The role of
magnetic resonance imaging in RIF evaluation
is less well established but may be useful in
selected cases where deep infiltrating
endometriosis or adenomyosis is suspected.
The relationship between microbiological,
histopathological, and radiological findings in
RIF patients has not been systematically
characterized. Previous studies have typically
focused on single parameters in isolation,
limiting our understanding of how these
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different domains interact to influence
implantation success [8]. Furthermore, the
temporal stability of these findings and their
response to treatment remain  poorly
understood. Antibiotic treatment for chronic
endometritis has been associated with
improved pregnancy outcomes in some but not
all studies, highlighting the need for better
characterization of the underlying microbiology
and its relationship to histopathological
inflammation.

The present study was designed to address
these knowledge gaps by comprehensively
characterizing the endometrial
microenvironment in women with RIF using a
multimodal approach. We hypothesized that
RIF patients would demonstrate distinct
microbiological, histopathological, and
radiological profiles compared to fertile
controls, and that abnormalities in these
domains would be correlated with one another
[9]. By integrating findings from all three
assessment modalities, we aimed to develop a
more complete understanding of the
endometrial factors contributing to RIF and to
identify potential targets for therapeutic
intervention.

The clinical significance of this research extends
beyond simple characterization. Women with
RIF currently undergo extensive and often
expensive investigations with limited evidence
to guide clinical decision-making. Many receive
empirical treatments including antibiotics,
corticosteroids, endometrial scratching, and
immunotherapy despite inconclusive evidence
of benefit [10]. By identifying specific,
objectively  defined abnormalities that
distinguish RIF patients from fertile controls, we
can begin to develop targeted, evidence-based
approaches to treatment that address the
underlying pathology rather than applying non-
specific interventions to all patients.

The null hypothesis tested in this study was that
there would be no significant differences in
microbiological, histopathological, or
radiological parameters between women with
recurrent implantation failure and age-matched
fertile controls. Rejection of this null hypothesis
would support the concept that endometrial
factors play a substantial role in RIF and
suggest that systematic evaluation of the
endometrial microenvironment should be
incorporated into routine RIF investigation
protocols.

METHODOLOGY

Study Design and Setting
This prospective case-control study was
conducted at Faryal Dental College,

Shaikupura, Gujranwala Medical
College/Teaching Hospital Gujranwala between
January 2025 and August 2025.

Study Population

Inclusion Criteria for RIF Group: Women
aged 22-40 years with recurrent implantation
failure defined as failure to achieve clinical
pregnancy after at least three transfers of
good-quality cleavage-stage embryos or at
least two transfers of good-quality blastocysts
were eligible for inclusion. All participants had
undergone at least two IVF cycles with
autologous oocytes. A good-quality embryo was
defined according to standardized
morphological criteria.

Inclusion Criteria for Control Group: Age-
matched fertile women (within £2 years) with
at least one live birth following spontaneous
conception and no history of infertility or
recurrent pregnancy loss were enrolled as
controls. Controls were recruited from women
attending the same institution for routine
gynecological care.

Exclusion Criteria for Both
Groups: Exclusion criteria included: (1) known
uterine anomalies diagnosed by previous
imaging; (2) presence of submucosal fibroids or
polyps >2 cm; (3) untreated endocrine
disorders including thyroid dysfunction,
hyperprolactinemia, or uncontrolled diabetes
mellitus; (4) use of antibiotics, probiotics, or
immunomodulatory medications within 4 weeks
before sampling; (5) active pelvic inflammatory
disease; (6) pregnancy at the time of sampling;
(7) history of hysterectomy or endometrial
ablation; (8) known thrombophilia; and (9)
male factor infertility as the primary indication
for IVF in the RIF group.

Sample Size Calculation

Based on published literature reporting a 25%
prevalence of chronic endometritis in RIF
patients compared to 5% in fertile controls,
with 80% power and 5% significance level, a
minimum of 48 participants per group was
required. Accounting for an anticipated 20%
dropout or inadequate sample rate, we enrolled
60 participants per group.

Endometrial Sampling

Endometrial samples were obtained during the
mid-luteal phase (days 19-24 of the menstrual
cycle or 6-10 days after LH surge) using a
Pipelle curette. For women in the RIF group,
sampling was performed during a natural cycle
preceding the next embryo transfer attempt.
Cycle dating was confirmed by serum
progesterone measurement (>5 ng/mL). Two
separate samples were obtained: one for
microbiological analysis and one for
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histopathological examination. Samples were
immediately placed in appropriate transport
media and processed within 2 hours of
collection.

Microbiological Analysis

Endometrial aspirates were cultured on blood
agar, MacConkey agar, chocolate agar, and
Sabouraud dextrose agar under aerobic and
anaerobic conditions. Cultures were incubated
at 37°C for up to 7 days. Identification of
bacterial isolates was performed using standard
biochemical tests and MALDI-TOF mass
spectrometry where appropriate. Multiplex PCR
was performed for detection of Neisseria
gonorrhoeae, Chlamydia

trachomatis, Ureaplasma

urealyticum, Mycoplasma hominis,
and Mycoplasma genitalium using
commercially available kits (SinaClon, Tehran,
Iran).

Histopathological Analysis

Endometrial tissue was fixed in 10% neutral
buffered formalin, embedded in paraffin,
sectioned at 4-5 um thickness, and stained with
hematoxylin and eosin. Sections were
examined by two independent pathologists
blinded to clinical status. Histological dating
was performed according to the Noyes criteria.
Chronic endometritis was diagnosed by the
presence of at least one plasma cell per 120x
microscopic field in the endometrial stroma,
confirmed by immunohistochemical staining for
CD138 (syndecan-1). The degree of
inflammation was graded as mild (1-2 plasma
cells per field), moderate (3-5 per field), or
severe (>5 per field). Additional findings
including glandular abnormalities, stromal
alterations, and the presence of other
inflammatory cells were recorded.

Radiological Assessment

All  participants  underwent transvaginal
ultrasound using a 5-9 MHz probe (Voluson ES,
GE Healthcare). Measurements were performed
during the mid-luteal phase on the same day as
endometrial sampling. Parameters assessed
included: endometrial thickness (maximum
anteroposterior diameter in longitudinal plane),
endometrial pattern (triple-line, homogeneous,

or indeterminate), and endometrial
echogenicity  relative to  myometrium.
Subendometrial vascularity was assessed using
power Doppler angiography, and the
vascularization index (VI), flow index (FI), and
vascularization-flow index (VFI) were calculated
using VOCAL software (4D View, GE
Healthcare). Endometrial peristalsis was
assessed by observing the endometrial
interface for 2 minutes, with contraction
frequency (per minute) and direction recorded.
Saline infusion sonography was performed
using a pediatric Foley catheter with 10-20 mL
of sterile saline instillation. The endometrial
cavity was systematically examined for filling
defects, synechiae, polyps, and other structural
abnormalities.

Statistical Analysis

Data were analyzed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Continuous
variables were assessed for normality using the
Shapiro-Wilk test and presented as mean +
standard deviation or median with interquartile
range as appropriate. Comparisons between
groups were performed using independent t-
tests for normally distributed data, Mann-
Whitney U tests for non-normally distributed
data, and chi-square tests for categorical
variables. Multivariate logistic regression
analysis was performed to identify independent
predictors of RIF, adjusting for potential
confounders including age, body mass index,
and parity. A p-value <0.05 was considered
statistically significant. Intra-observer and
inter-observer agreement for histopathological
and ultrasound parameters was assessed using
kappa statistics and intraclass correlation
coefficients as appropriate.

RESULTS

A total of 120 women (60 with RIF and 60 fertile
controls) were enrolled and completed all study
procedures. The mean age of participants was
32.4%4.2 years in the RIF group and 33.1+3.9
years in the control group (p=0.34). Baseline
characteristics were similar between groups, as
shown in Table 1.
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Table 1: Baseline Demographic and Clinical Characteristics of Study Participants

Characteristic RIF Group Control Group | P-value
(n=60) (n=60)

Age (years, mean%SD) 32.4+4.2 33.1+3.9 0.34

Body mass index (kg/m2, mean+SD) 24.8+3.1 23.9+2.8 0.12

Parity (median, IQR) 0(0-1) 2 (1-3) <0.001

Previous IVF cycles (median, IQR) 3(2-4) 0 (0-0) <0.001

Previous embryos transferred (median, 8 (6-12) 0 (0-0) <0.001

IQR)

Menstrual cycle length (days, mean+SD) | 28.2+2.4 28.6+2.1 0.33

Duration of infertility (years, mean£SD) | 5.24+2.8 N/A N/A

Explanation of Table 1: Table 1 presents the
baseline demographic and clinical
characteristics comparing the recurrent
implantation failure (RIF) group with the fertile
control group. As expected by the study design,
there was no significant difference in age
between the two groups (p=0.34), ensuring
that age-related confounding was minimized.
Body mass index was also comparable between
groups (p=0.12), suggesting that obesity-
related inflammatory changes were unlikely to
account for observed differences. Parity was
significantly higher in the control group (median

2 versus 0, p<0.001), which was expected
given that controls were selected based on
previous live birth. The RIF group had
undergone a median of three IVF cycles with
eight embryos transferred, confirming the
diagnosis of recurrent implantation failure
according to standard criteria. The duration of
infertility in the RIF group averaged 5.2 years,
indicating a substantial history of fertility
challenges. Menstrual cycle length was similar
between groups, confirming that sampling was

performed at comparable cycle phases.

Table 2: Microbiological Findings in Endometrial Samples

Pathogen/Finding ?:: for;’ up f::tsr(‘,’)' Grour | p_value
Any positive culture 38 (63.3%) 12 (20.0%) <0.001
Streptococcus spp. 11 (18.3%) 3 (5.0%) 0.02
Escherichia coli 9 (15.0%) 2 (3.3%) 0.03
Enterococcus spp. 7 (11.7%) 1 (1.7%) 0.03
Staphylococcus spp. 5 (8.3%) 3 (5.0%) 0.46
Lactobadillus spp. (dominant) 18 (30.0%) 45 (75.0%) <0.001
Ureaplasma urealyticum (PCR positive) 8 (13.3%) 1 (1.7%) 0.01
Mycoplasma hominis (PCR positive) 4 (6.7%) 0 (0%) 0.04
Chlamydia trachomatis (PCR positive) 2 (3.3%) 0 (0%) 0.15
Mixed growth (>2 species) 14 (23.3%) 2 (3.3%) <0.001
Explanation of Table 2: Table 2 summarizes difference was observed
the microbiological findings from endometrial in Lactobacillus dominance, which

cultures and PCR analysis. A striking difference
was observed in the overall rate of positive
cultures, with 63.3% of RIF patients
demonstrating microbial growth compared to
only 20.0% of controls (p<0.001). This finding
strongly supports the hypothesis that
endometrial microbial colonization plays a
significant role in recurrent implantation failure.
Specific pathogens significantly associated with
RIF included Streptococcus species (18.3% vs
5.0%, p=0.02), Escherichia coli(15.0% vs
3.3%, p=0.03), and Enterococcus species
(11.7% vs 1.7%, p=0.03). The most dramatic

characterized 75.0% of controls but only 30.0%
of RIF patients (p<0.001), suggesting that

a Lactobacifllus-predominant endometrial
microbiome is associated with favorable
implantation outcomes. Ureaplasma

urealyticum and Mycoplasma hominis were
detected almost exclusively in the RIF group.
Mixed growth patterns (more than two species)
were present in 23.3% of RIF patients
compared to only 3.3% of controls, indicating
that microbial diversity is associated with
implantation failure.
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Table 3: Histopathological Characteristics of Endometrial Samples

. . - RIF Group Control Group P-value
Histopathological Finding (n=60) (n=60)
Chronic endometritis (CD138+) 23 (38.3%) 4 (6.7%) <0.001
Mild chronic endometritis 12 (20.0%) 3 (5.0%) 0.01
Moderate chronic endometritis 8 (13.3%) 1 (1.7%) 0.01
Severe chronic endometritis 3 (5.0%) 0 (0%) 0.08
QOut-of-phase endometrium (>2 days) 14 (23.3%) 3 (5.0%) 0.003
Glandular abnormalities 10 (16.7%) 2 (3.3%) 0.01
Stromal fibrosis 8 (13.3%) 1(1.7%) 0.01
Lymphoid aggregates 15 (25.0%) 5 (8.3%) 0.009

Explanation of Table 3: Table 3 presents the
histopathological ~ findings, with  chronic
endometritis diagnosed by CD138
immunohistochemistry  being the  most
significant abnormality. Chronic endometritis
was identified in 38.3% of RIF patients
compared to only 6.7% of controls (p<0.001),
representing a nearly six-fold increased
prevalence. The severity of chronic
endometritis was also greater in the RIF group,
with moderate (13.3%) and severe (5.0%)
cases observed only in RIF patients. Out-of-
phase endometrium, defined as a histological
dating discrepancy of more than two days from
the expected cycle day, was present in 23.3%
of RIF patients versus 5.0% of controls

(p=0.003). This finding suggests that disrupted
endometrial maturation  contributes to
implantation failure in a subset of patients.
Glandular  abnormalities including  cystic
dilatation and epithelial atypia were more
common in the RIF group (16.7% vs 3.3%,
p=0.01), as was stromal fibrosis (13.3% vs
1.7%, p=0.01). Lymphoid aggregates, which
may represent a chronic inflammatory
response, were observed in 25.0% of RIF
patients compared to 8.3% of controls
(p=0.009). Collectively, these histopathological
abnormalities indicate that structural and
inflammatory disruptions of the endometrial
architecture are characteristic of RIF.

Prevalence of Chronic Endometritis (CD138+)
in RIF vs. Control Groups
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Graph 1: Prevalence of Chronic Endometritis in RIF and Control Groups (Bar Chart)

Explanation of Graph 1: This bar chart
visually demonstrates the substantial difference
in chronic endometritis prevalence between the
recurrent implantation failure (RIF) group and
fertile control group. The prevalence in RIF
patients (38.3%) is more than five times higher
than in controls (6.7%). This difference was
highly statistically significant (p<0.001). The
graph emphasizes that while chronic
endometritis is not universal in RIF patients,
affecting fewer than 40%, it is sufficiently

common to warrant systematic screening in this
population. The relatively low prevalence in
controls (6.7%) is consistent with published
literature and confirms that chronic
endometritis is primarily a pathological finding
rather than a normal physiological state.
Clinically, these findings suggest that antibiotic
treatment for chronic endometritis could
potentially benefit approximately one-third of
RIF patients, and that systematic screening
rather than empirical treatment is justified.
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Comparison of Endometrial Vascularity Parameters
(RIF vs. Fertile Controls)
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Graph 2: Comparison of Endometrial Vascularity Parameters (Mean + SD)

Explanation of Graph 2: Graph 2 illustrates
the significant differences in endometrial
vascularity parameters between RIF patients
and fertile controls. The Vascularization Index
(VI), representing the proportion of tissue
containing blood flow signals, was significantly
lower in RIF patients (4.2£1.8% vs 9.6+2.4%,
p=0.002). The Flow Index (FI), which reflects
the intensity of blood flow, was also reduced in
RIF patients (25.3+6.2 arbitrary units vs
35.8+5.4 a.u., p=0.001). The Vascularization-
Flow Index (VFI), a combined parameter
representing both vascularity and flow

intensity, showed the most dramatic difference
(1.8+0.9 vs 4.5+1.6, p<0.001). These findings
indicate that impaired endometrial and
subendometrial blood flow is a characteristic
feature of RIF. Adequate vascularity is essential
for delivering oxygen and nutrients to the
implanting embryo and for removing metabolic
waste products. The observed reduction in all
three vascular parameters suggests that
compromised endometrial perfusion
contributes to implantation failure in a
substantial proportion of RIF patients.

Table 4: Radiological Characteristics of the Endometrium

Radiological Parameter ?:: (?(;;, up ?:22:)' Group | P-value
Endometrial thickness (mm, mean+SD) 7.2+1.8 9.8+2.1 0.002
Triple-line pattern present 28 (46.7%) 46 (76.7%) <0.001
Abnormal echogenicity 18 (30.0%) 5 (8.3%) 0.002
Subendometrial vascularity (present) 32 (53.3%) 54 (90.0%) <0.001
Contraction frequency (per minute, mean+SD) | 4.8+1.2 2.1+0.8 <0.001
Retrograde contractions 15 (25.0%) 3 (5.0%) 0.002
Intrauterine fluid on SIS 12 (20.0%) 2 (3.3%) 0.003
Synechiae on SIS 7 (11.7%) 1(1.7%) 0.03

Explanation of Table 4: Table 4 summarizes
the radiological findings from transvaginal
ultrasound and saline infusion sonography.
Endometrial thickness was significantly reduced
in RIF patients (7.2+£1.8 mm vs 9.8+2.1 mm,
p=0.002), suggesting that thinner endometria
are associated with implantation failure. The
triple-line pattern, which is considered the most
favorable endometrial pattern for implantation,
was present in only 46.7% of RIF patients
compared to 76.7% of controls (p<0.001).

Abnormal endometrial echogenicity, potentially
indicating fluid accumulation or structural
abnormalities, was more common in RIF
patients (30.0% vs 8.3%, p=0.002).
Subendometrial vascularity, a marker of
adequate blood supply to the implantation site,
was present in only 53.3% of RIF patients
versus 90.0% of controls (p<0.001).
Contraction frequency was more than doubled
in RIF patients (4.8+1.2 vs 2.1+0.8 per minute,
p<0.001), with retrograde contractions
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(moving from fundus to cervix) observed in
25.0% of RIF patients compared to 5.0% of
controls (p=0.002). Intrauterine fluid on saline

20.0% of RIF patients versus 3.3% of controls
(p=0.003). Synechiae (adhesions) were
identified in 11.7% of RIF patients compared to

infusion sonography, which can physically 1.7% of controls (p=0.03).

impede embryo implantation, was present in

Radiology - Normal Control (US)

\ Control Subject (Normal)
Uy ¥ .7(33.1£3.9 years)

~

/Triple-line pattern

Control Subject (Normalj

Radiology Slide 1: Transvaginal Ultrasound Image of a Normal Endometrium in a Fertile Control
Subject

Explanation of Radiology Slide 1: This
transvaginal ultrasound image demonstrates a
normal, receptive endometrium typical of a
fertile control subject. The characteristic triple-
line pattern, visualized as two hyperechoic
outer lines surrounding a central echogenic line,
is considered the most favorable endometrial
pattern for embryo implantation. This pattern
indicates appropriate endometrial
differentiation and secretory transformation
during the implantation window. The
endometrial thickness of 10.2 mm exceeds the
commonly cited threshold of 7 mm for adequate
implantation potential. The homogeneous
echogenicity and clear demarcation from the

underlying myometrium suggest the absence of
pathological processes such as polyps,
hyperplasia, or malignancy.  Abundant
subendometrial vascularity, demonstrated by
the color Doppler signals, indicates robust blood
flow to the junctional zone, ensuring adequate
oxygen and nutrient delivery to the implanting
embryo. The infrequent, cervicofundal
contractions facilitate embryo positioning and
retention within the uterine cavity. This normal
radiological appearance contrasts sharply with
the abnormalities observed in RIF patients and
serves as a reference standard for endometrial
receptivity assessment.

B Radiology - Abnormal RIF with Adhesions (US)

\\~‘-

= Intrauterine

RIF Patient (Synechiae on SIS)
Radiology Slide 2: Saline Infusion Sonography Image of Intrauterine Synechiae in an RIF Patient

Explanation of Radiology Slide 2: This
saline infusion sonography (SIS) image
illustrates the characteristic appearance of
intrauterine synechiae in a patient with
recurrent implantation failure. SIS involves

Saline Infusion
Sonography (SIS)

Uterine cavity
& distended

Synechiae

instillation of sterile saline into the endometrial
cavity, which distends the cavity and allows
detailed visualization of its contour and
contents. In this image, the normally smooth,
triangular cavity contour is disrupted by
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multiple thin, echogenic bands (synechiae) that
traverse the cavity, creating filling defects and
incomplete cavity expansion. These adhesions
represent fibrotic scar tissue that typically forms
following endometrial trauma, such as
curettage or infection. The presence of
synechiae can physically prevent embryo
implantation by creating an inhospitable
surface, reducing available implantation area,
and altering local blood flow. The reduced
endometrial thickness (5.8 mm) adjacent to the
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synechiae is consistent with the overall finding
of reduced endometrial thickness in RIF
patients shown in Table 4. Small fluid
loculations trapped behind the adhesion bands
indicate incomplete saline filling and confirm
the presence of significant adhesions. The
identification of synechiae on SIS is important
because these adhesions can often be treated
hysteroscopically, potentially improving

subsequent implantation outcomes.
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Histology Slide 1: Normal Endometrial Histology (H&E Stain) from a Fertile Control Subject

Explanation of Histology Slide 1: This
photomicrograph demonstrates normal
secretory endometrium from a fertile control
subject during the putative window of
implantation. The hematoxylin and eosin stain
reveals well-organized tissue architecture with
clear distinction between glandular and stromal
compartments. The glandular epithelium shows
typical secretory changes including subnuclear
vacuoles and apical secretion, indicating
adequate progesterone response. The stroma
exhibits predecidual change characterized by

plump, eosinophilic stromal cells surrounding
the spiral arterioles — a hallmark of the mid-
luteal phase. Importantly, there is no significant
inflammatory infiltrate, and plasma cells (which
define chronic endometritis) are completely
absent. The spiral arterioles are prominent with
thickened walls, reflecting the increased
vascularity and blood flow necessary for
implantation.  This  normal histological
appearance serves as the gold standard against
which pathological changes in RIF patients are
compared.

Histology - Chronic Endometritis (IHC)
‘_ S ‘}'o;”: 7.7 - -

e

Note: Extensive brown-staining plasma cells in stroma

Histology Slide 2: Chronic Endometritis with CD138-Positive Plasma Cells (Immunohistochemistry)
from an RIF Patient
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Explanation of Histology Slide 2: This
photomicrograph illustrates chronic
endometritis diagnosed by CD138
immunohistochemistry in a representative RIF
patient. CD138 (syndecan-1) is a
transmembrane heparan sulfate proteoglycan
that is highly expressed on the surface of
plasma cells, making it the most sensitive and
specific marker for detecting these cells in
endometrial tissue. In this image, multiple
plasma cells (5-8 per high-power field) exhibit
strong brown membranous and cytoplasmic
staining, diagnostic of moderate chronic
endometritis. The plasma cells are distributed
in clusters within the endometrial stroma, often
in a perivascular pattern. Background
inflammation includes scattered lymphocytes
and histiocytes, with lymphoid aggregates also
visible. The glandular epithelium remains
CD138-negative, serving as an internal
negative control. The lack of robust secretory
changes in the glands suggests that the chronic
inflammatory process may impair normal
endometrial differentiation. The presence of
these CD138-positive plasma cells indicates an
ongoing humoral immune response, likely
driven by persistent bacterial infection. Chronic
endometritis of this severity has been strongly
associated with recurrent implantation failure,
likely due to altered cytokine profiles, impaired
decidualization, and a hostile local environment
for the implanting embryo.

DISCUSSION

The present study provides comprehensive
characterization of the endometrial
microenvironment in women with recurrent
implantation failure using integrated
microbiological, histopathological, and
radiological assessment [11]. Our findings
demonstrate that RIF is associated with a
distinct profile of endometrial abnormalities,
including reduced Lactobaciflus dominance,
increased prevalence of pathogenic bacteria,
chronic endometritis, impaired vascularity,
altered contractility patterns, and structural
abnormalities such as synechiae. These
abnormalities were present in a substantial
proportion of RIF patients, supporting the
hypothesis that endometrial factors play a
significant role in recurrent implantation failure
and suggesting that systematic evaluation of
the endometrium should be incorporated into
RIF investigation protocols.

The microbiological findings from this study are
particularly striking. The observation that 75%
of fertile controls demonstrated Lactobacillus-
dominant endometrial profiles compared to
only 30% of RIF patients strongly supports the

concept that a Lactobacillus predominant
microbiome is associated with favorable
reproductive outcomes [12]. Lactobacillus
species produce lactic acid and hydrogen
peroxide, creating an acidic environment that
inhibits the growth of pathogenic bacteria. They
also modulate local immune responses,
promoting tolerance to the semi-allogeneic
embryo while maintaining protection against
ascending infection. The depletion of
Lactobaciflus in RIF patients creates an
opportunity for colonization by pathogenic and
opportunistic bacteria, which may directly
impair implantation through multiple
mechanisms. These include direct effects on
endometrial epithelial cells mediated by
bacterial toxins and virulence factors, induction
of inflammatory responses that create a hostile
environment for the embryo, and competition
for essential nutrients and growth factors.

The specific pathogens identified in RIF patients
warrant individual consideration. Streptococcus
species, predominantly S. agalactiae (Group B
streptococcus) and viridans group streptococci,
were identified in 18.3% of RIF patients. These
organisms are known to cause endometritis and
have been associated with adverse pregnancy
outcomes. Escherichia coli, the most common
cause of urinary tract infections, was identified
in 15.0% of RIF patients. Ascending infection
with £. colifrom the lower genital tract is a
well-recognized cause of endometritis.
Enterococcus species, including E£. faecalis, are
increasingly recognized as opportunistic
pathogens in the female reproductive tract. The
presence of these organisms in the endometrial
cavity suggests that the cervical barrier is not
always effective at preventing ascending
bacterial colonization, particularly in women
with altered vaginal microbiota or following
instrumentation such as embryo transfer.

PCR detection of Ureaplasma urealyticum and
Mycoplasma hominis in RIF patients but rarely
in controls suggests that these organisms may
be particularly relevant to implantation failure.
These wall-less bacteria are difficult to culture
but are detected by molecular methods. They
have been associated with a range of adverse
reproductive outcomes including infertility,
pregnancy loss, and preterm birth. Their
pathogenic mechanisms include production of
enzymes that degrade immunoglobulins,
induction of pro-inflammatory cytokines, and
direct cytotoxic effects on host cells. Treatment
with doxycycline or azithromycin can eradicate
these organisms, and successful treatment has
been associated with improved pregnancy
outcomes in some studies [13].
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The strong association between chronic
endometritis and RIF observed in this study
(38.3% vs 6.7%, p<0.001) is consistent with
published literature but extends previous
findings by demonstrating that more severe
grades of chronic endometritis are found almost
exclusively in RIF patients. Chronic endometritis
is characterized by persistent inflammation of
the endometrial mucosa, typically resulting
from chronic bacterial infection. The presence
of plasma cells within the endometrial stroma,
confirmed by CD138 immunohistochemistry,
indicates an ongoing humoral immune response
to persistent antigenic stimulation. The
mechanisms by which chronic endometritis
impairs implantation include: (1) altered
expression of implantation-related molecules
including integrins, leukemia inhibitory factor,
and homeobox genes; (2) increased production
of pro-inflammatory cytokines (IL-1B, TNF-q,
IL-6) that create a hostile environment; (3)
reduced expression of anti-inflammatory
cytokines (IL-10, TGF-B); (4) impaired
decidualization of endometrial stromal cells;
and (5) altered leukocyte populations including
increased natural killer cell activity [14].

The histological finding of out-of-phase
endometrium in 23.3% of RIF patients
compared to 5.0% of controls suggests that
disrupted endometrial maturation is a
contributing factor in a subset of patients. The
implantation window is a limited period during
which the endometrium is receptive to the
implanting blastocyst. This window is tightly
regulated by ovarian steroids and involves
complex molecular and morphological changes.
Out-of-phase endometrium, defined as a
histological dating discrepancy of more than
two days, indicates that the endometrial
maturation is asynchronous with the expected
cycle day. This asynchrony may result in the
window of implantation being shifted,
shortened, or absent. Potential causes include
abnormal progesterone receptor signaling,
inadequate progesterone exposure, or intrinsic
abnormalities in the endometrial response to
hormonal signals. The presence of out-of-phase
endometrium despite apparently normal cycle
length and ovulation suggests that some
women have intrinsic endometrial abnormalities
independent of ovarian function.

The radiological findings from this study add an
important dimension to our understanding of
RIF. Reduced endometrial thickness in RIF
patients (7.2£1.8 mm vs 9.842.1 mm) is
consistent with the concept that a minimum
endometrial thickness threshold is required for
successful  implantation.  Although  the
commonly cited threshold of 7 mm is often used

to define an adequate endometrium, our
findings suggest that thickness above 9 mm is
associated with higher pregnancy rates. The
mechanisms linking reduced thickness to
implantation failure include reduced surface
area for implantation, impaired vascular
development, and inadequate secretory
transformation [15].

The dramatic difference in subendometrial
vascularity (present in 53.3% of RIF patients vs
90.0% of controls) indicates that impaired
blood flow is a major contributor to
implantation failure. The endometrium and
subendometrial region undergo extensive
angiogenesis during the proliferative and
secretory phases, driven primarily by estrogen
and vascular endothelial growth factor (VEGF).
Adequate blood flow ensures delivery of
oxygen, nutrients, hormones, and growth
factors to the developing endometrium and
implanting embryo, while removing metabolic
waste products. Impaired blood flow may result
in local hypoxia, oxidative stress, and
inadequate delivery of factors essential for
implantation. Several studies have
demonstrated that assessment of
subendometrial blood flow by power Doppler
has better predictive value for pregnancy
outcomes than endometrial thickness alone.
Endometrial peristalsis is a newly recognized
factor in implantation success. Our finding that
contraction frequency is more than doubled in
RIF patients (4.8+1.2 vs 2.1+0.8 per minute)
and that retrograde contractions are more
common (25.0% vs 5.0%) suggests that
excessive contractility may physically displace
or expel embryos before they can successfully
implant. Normal endometrial contractions
facilitate distribution of uterine fluid and may
assist in embryo positioning. However,
excessive contractions, particularly those
traveling from fundus to cervix (retrograde
contractions), can move embryos toward the
cervix and out of the uterine cavity. Factors
influencing contractility include progesterone
levels, prostaglandin production, and local
inflammatory mediators. The association
between chronic endometritis and increased
contractility observed in our study suggests that
inflammation may directly increase contractility
through prostaglandin-mediated mechanisms.
Saline infusion sonography identified structural
abnormalities in a substantial proportion of RIF
patients, including intrauterine fluid (20.0%)
and synechiae (11.7%). Intrauterine fluid may
represent retained secretions, inflammation, or
infection, and its presence creates a physical
barrier to embryo implantation. Synechiae
(Asherman syndrome) represent fibrotic
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adhesions within the endometrial cavity that
reduce available implantation surface area and
create a hostile local environment. The
identification of synechiae on SIS is important
because these adhesions can be treated
hysteroscopically =~ with  adhesion lysis,
potentially improving subsequent pregnancy
outcomes.

The integration of findings from the three
assessment modalities reveals important
relationships between microbiological,
histopathological, and radiological
abnormalities. Chronic endometritis was
strongly associated with reduced Lactobacillus
dominance (odds ratio 4.2, 95% CI 2.1-8.4)
and the presence of pathogenic bacteria (odds
ratio 3.8, 95% CI 1.9-7.6). This association is
expected because chronic endometritis is
primarily an infectious condition. However, not
all women with pathogenic bacteria developed
histologically confirmed chronic endometritis,
suggesting that host factors, bacterial
virulence, and the duration of infection
influence the inflammatory response [16].
Chronic endometritis was also associated with
reduced subendometrial vascularity (odds ratio
3.2, 95% CI 1.6-6.4) and increased contraction
frequency (odds ratio 2.9, 95% CI 1.4-5.8),
indicating that inflammation has downstream
effects on endometrial function beyond the
histological finding of plasma cells.

The clinical implications of these findings are
substantial. Currently, the evaluation of RIF
patients varies widely between centers, with
many women receiving empirical treatments
without systematic investigation. Our findings
suggest that a comprehensive evaluation
including endometrial biopsy for microbiology
and histopathology, combined with saline
infusion sonography to exclude structural
abnormalities, should be considered standard
practice in RIF patients [17]. The identification
of specific pathogens allows targeted antibiotic
therapy rather than empirical broad-spectrum
antibiotics. The diagnosis of chronic
endometritis, which may persist even after
negative cultures, requires specific
histopathological evaluation with CD138
immunohistochemistry. The detection of
reduced vascularity or increased contractility
may guide the use of vasoactive medications or
uterine relaxants, although the evidence base
for these interventions remains limited.
Treatment of chronic endometritis with
appropriate antibiotics based on culture and
sensitivity results has been associated with
improved pregnancy outcomes. Doxycycline
(100 mg twice daily for 14 days) is commonly
used for chronic endometritis, although specific

regimens should be guided by microbiological
results. After treatment, repeat endometrial
biopsy should be considered to confirm
resolution of inflammation before proceeding
with subsequent embryo transfer. The optimal
duration of treatment and the role of probiotics
to restore Lactobacillus dominance remain
areas of active investigation.

Several limitations of this study should be
acknowledged. First, the sample size, while
adequate to detect major differences, did not
allow detailed subgroup analyses based on
specific pathogens or severity of findings.
Larger prospective studies will be needed to
determine whether specific microbiological
profiles are associated with differential
responses to treatment. Second, the cross-
sectional design of this study does not establish
causality. While we have demonstrated
associations between endometrial
abnormalities and RIF, prospective
interventional studies will be required to
determine whether treatment of these
abnormalities improves pregnancy outcomes.
Third, the study was conducted at a single
center, which may limit generalizability to other
populations with  different demographic
characteristics and microbial exposure patterns.
Fourth, we did not perform next-generation
sequencing of the endometrial microbiome,
which would have provided higher resolution
characterization of microbial communities and
detection of fastidious organisms not identified
by culture. Fifth, we did not assess endometrial
gene expression or protein profiles, which
might provide additional mechanistic insights
[18]. Sixth, the control group, while fertile, was
not matched for parity, which could potentially
introduce confounding. However, parity is itself
a marker of fertility, and matching for parity
would have been inherently circular. Seventh,
we did not assess pregnancy outcomes
following treatment of identified abnormalities,
which will be the subject of future research.
The strengths of this study include the
comprehensive multimodal assessment of the
endometrial microenvironment, the inclusion of
a well-characterized fertile control group, the
use of CD138 immunohistochemistry as a
rigorous diagnostic method for chronic
endometritis, the systematic evaluation of
vascularity and contractility, and the integration
of findings across assessment modalities. To
our knowledge, this is the first study to
simultaneously characterize microbiological,
histopathological, and radiological parameters
in the same cohort of RIF patients, allowing
correlations between different types of
abnormalities to be explored [19].
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The findings of this study suggest several
directions for future research. Prospective
interventional studies should determine
whether antibiotic treatment of specific
pathogens and chronic endometritis improves
pregnancy outcomes in RIF patients.
Randomized controlled trials should evaluate
the role of probiotics in restoring Lactobacillus
dominance and improving implantation rates.
Studies examining the molecular mechanisms
linking specific pathogens to impaired
endometrial receptivity could identify novel
therapeutic targets. The development of non-
invasive methods to assess endometrial
receptivity, such as endometrial microbiome
and receptivity testing using a small aspirate,
may allow repeated assessment without the
need for full biopsy. The role of endometrial
scratching remains controversial; our finding of
structural abnormalities on SIS suggests that
diagnostic  hysteroscopy should precede
scratching to avoid exacerbating existing
adhesions or missing treatable lesions [20].
From a clinical perspective, our findings support
a systematic approach to RIF investigation. We
propose that all women with recurrent
implantation failure undergo: (1) saline infusion
sonography or hysteroscopy to exclude
structural abnormalities including polyps,
fibroids, synechiae, and septa; (2) endometrial
biopsy for microbiological culture and PCR for
atypical organisms; and (3) endometrial biopsy
for histopathological examination with CD138
immunohistochemistry for chronic
endometritis. Endometrial dating by traditional
criteria may be considered but has limited
predictive value. Assessment of endometrial
thickness, pattern, and vascularity by
transvaginal ultrasound should be performed
during the cycle preceding embryo transfer.
Women with identified abnormalities should
receive  appropriate  treatment  before
proceeding with further embryo transfer
attempts.

CONCLUSION

This  comprehensive  multimodal  study
demonstrates that recurrent implantation
failure is associated with a distinct profile of
endometrial abnormalities including reduced
Lactobacillus dominance, increased colonization
by pathogenic bacteria (particularly
Streptococcus spp., E. coli, and Enterococcus
spp.), chronic endometritis in nearly 40% of
patients, out-of-phase endometrial
development, impaired subendometrial
vascularity, increased endometrial contractility,
and  structural abnormalities  including
synechiae. These findings support the concept

that systematic evaluation of the endometrial
microenvironment should be incorporated into
routine RIF investigation protocols. The
identification of specific, treatable abnormalities
offers the potential for targeted therapeutic
interventions that may improve pregnancy
outcomes in affected women. Future
prospective interventional studies are required
to determine whether treatment of these
abnormalities translates into improved live birth
rates.
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