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Objective: To determine the impact of endometrial delay on reproductive outcomes.
Method: We enrolled 62 infertility women with thin endometrium pre- and post-study in
2020-2023. Infertile women with an endometrial thickness of <7 mm were included and
followed in the study. All participants had endometrial delay determined and adjusted be-
fore initial Assisted reproductive technologies (ART). After, infertility treatment was started.
ART outcomes were evaluated by endometrial thickness and implantation rate. Endometrial
thickness was compared to pre-hormone replacement treatment at 48 and 72 hours post-hor-
mone therapy. Results: The study included 62 women aged 26-45 who were diagnosed with
infertility and thin endometrium. Endometrial thickness was sufficiently increased before and
after treatment for all participants. Histological analysis diagnosed endometrial delay (not ap-
propriate WOI) in 73.6% of all women. After adjusting the WOI in study participants, there was
a statistically significant increase in endometrial thickness post-hormone replacement therapy.
The study participants were women who had failed at least one implantation, and the im-
plantation rate after WOI adjustment was 58.5%. Conclusions: In 70% of infertility women,
endometrial is delayed. In women with thin endometrium, the precise determination of WOI
increases ART treatment outcomes.
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Introduction

The current reproductive failure is a priority issue in fertility that includes recurrent implanta-
tion failure and recurrent pregnancy loss. In defining these terms, recurrent implantation failure
(RIF) refers to the inability to clinical pregnancy of women under the age of 40 following the
transfer of at least four healthy embryos in a minimum of three fresh or frozen cycles.! The
spontaneous loss of two or more pregnancies defines the reproductive problem known as
recurrent pregnancy loss (RPL), affecting 5% of couples worldwide.>* Andrea Busnelli, et al.
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reported that the prevalence of RIF is 15% of the total accepted
in vitro fertilization. Multiple implantation failures can have a
significant psychological impact on couples faced with burdens
related to their reproductive health. Hence, medical profession-
als are concentrating on improving care and reducing the time
needed for a healthy pregnancy.**

Recent studies concluded that an aberrant endometrium is
associated with RIF and RPL, and endometrium receptivity pre-
dicts successful implantation during the window of implantation
(WOI), meaning the endometrial environment is receptive to a
blastocyst 7. An endometrium that is prepared to receive the
embryo and a competent embryo are both necessary for a suc-
cessful embryonic implantation.

During implantation and pregnancy, hormone-modulating
receptors, including estrogen-receptor beta (ERP) and proges-
terone receptor (PR), are significant controllers of endometrial
decidualization #°. Also, ERB and PR are critical in endothelium
angiogenesis and uterine contractions, both necessary for im-
plantation and pregnancy continuation.®'®'" In the findings of
previous studies, Erf3 and PR expression were decreased in poor
endometrial receptivity diagnosed with the infertility group.’>"
Recently, studies reported that precise determination of the WOI
can significantly improve ART outcomes. We aimed to evaluate
the impact of WPI adjustment on endometrial thickness and
implantation rate in the with PRP and without PRP treatment
groups.

Materials and Methods

Study design

This study is based on a pre-post-study design conducted
from November 2020 to February 2023 at the CLWH Mongolia
fertility clinic (Figure 1). We assessed the endometrial receptivity
of all participants and performed interventions to adjust the im-
plantation windows. Endometrial receptivity was determined be-
fore hormone therapy in all women, and the appropriate time to
start treatment was adjusted and started. Hormone replacement
therapy and ART therapy were performed according to Kaufmann
guidelines.” Endometrial thickness was compared before and af-
ter treatment. Endometrial thickness was measured at 24 and 48
hours after treatment. The participants informed written consent.
Endometrial biopsies were collected from 72 women: 40 partici-
pants were in regular menstrual cycles, and 32 were in irreqular
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menstrual cycles. Seventy-two women were registered and in-
cluded in the study, but women whose endometrial receptivity
was not determined in tissue samples were excluded.

Participants

The study recruited women with infertility visiting CLWH Mon-
golia. The inclusion criteria included women aged 26 to 45 diag-
nosed with infertility or endometrial thinning. The study did not
include women who used hormonal drugs and were diagnosed
with endocrine diseases. The study participants were recruited by
purposive sampling and randomly assigned to 2 groups accord-
ing to the order recorded in the survey.

Endometrial receptivity tests

From 2021 to 2023, this study conducted 72 cases of in vitro
fertilization (IVF) procedures due to endometrial thinning at the
CL Mongolia fertility clinic. Paraffin blocks stored in the archives
of the National Centre for Pathology Reference Laboratory were
analysed. The 2016 WHO classification was used to determine
the grade of endometrial thickening. According to the process
of preparing 72 holes/slides for tissue microarray, the microarray
pen was filled with a 0.5 cm diameter piece of tissue taken from
the paraffin blocks.

On performing immunohistochemistry, used xylene to paraffin
removal from a range of formalin-fixed paraffin-embedded tis-
sue slices, reducing alcohol concentration, immersion, and then
blocks were rinsed with phosphate buffer solution. Endogenous
peroxidase was inhibited by treating antigen presentation with
0.3% hydrogen peroxide for 10 min in a humid setting, followed
by 20 min of microwave exposure in citrate buffer solution. Tissue
sections were painted with ERB (1:200, Santa Cruz Biotechnolo-
gy, Santa Cruz, CA), PR (1:100, DIANOVA, Hamburg, Germany),
and Ki67 (1:50, Dako, Camarillo, CA, USA) markers from Ventana
Medical, by automatic painting machine with DAB kit of System,
Inc., USA. The Noyes protocol analyzed the endometrial biopsies.
After, we compared the windows of implantation determined by
the menstrual cycle and histological analysis (Table 1).

Interventions

Histological analysis accurately determined the windows of
implantation and re-evaluated the ART plan. All participants in
the study received hormone replacement therapy to increase
the endometrium thickness. The Kaufmann protocol is a medical
regimen used in the treatment of infertility, specifically address-
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Figure 1. The study design follows the chart
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ing issues related to thin endometrium. It typically involves a
combination of hormonal medications and procedures designed
to promote endometrial thickening and improve receptivity for
successful implantation of an embryo during assisted reproduc-
tive techniques such as in vitro fertilization (IVF) or intrauterine
insemination (IUI).

We evaluated endometrium thickness, and if there was a
sufficient increase, IVF was performed according to guidelines.
Overall, 43%(n=31) of women in the study received standard
PRP treatment.

Outcome measures

We measured adjusted implantation windows in (1) increase
of endometrium thickness and (2) implantation rate in partici-
pants. Pre- and post-hormone replacement treatment measure-
ments are essential for study participants to review changes in
endometrium thickness. Endometrial thickness was compared
to pre-hormone replacement treatment at 48 and 72 hours
post-hormone therapy. Endometrial thickness was assessed by
ultrasonography. The endometrium thickness does not increase
for thin endometrium women when the implantation windows
are not well-defined.

Statistical Analysis

According to descriptive statistics, continuous variables are
expressed as mean and standard deviation because all variables
are normal distributions. Categorical variables are expressed
as numbers and percentages. Differences in mean endometrial
thickness measured before and after hormone replacement ther-
apy were compared by mixed effect two-way ANOVA (tables 2
and 3). Differences in implantation rate between PRP and non-
PRP groups were evaluated using the chi-square test. A mixed-ef-

Table 1. The study design follows the chart

Correlation between endometrial delay and assisted
reproductive technologies outcome

fect two-way ANOVA calculated endometrial thickness. Test with
the greenhouse-geyser method. Multiple comparisons were not
performed because mixed effect two-way ANOVA group effects
had two groups (PRP and without PRP). However, there was no
significant difference in endometrium thickness changes in the
two groups (Subjects between). We used IBM SPSS 26.0 for sta-
tistical analysis.

Ethical Statement

This study received ethics approval from the Mongolian Na-
tional University of Medical Sciences in Ulaanbaatar, Mongolia
(2021/03-04). Before our prospective interventional study, a
couple confirmed their interest and signed an informed consent
form.

Results

In the study, 62 women aged 26-45 who were diagnosed
with infertility and thin endometrium women were included. Of
all infertile women, 79.0% had higher education, and 87.1%
were married. Endometrial thickness was sufficiently increased
before and after treatment for all participants (see Table 2 ).

Endometrial dating methods

Windows of implantation

No Yes
Menstrual cycle - +
Histological analysis (ER, PR and Ki67) + +
Compared outcome (Menstrual cycle and Endometrial Endometrial not

Histological analysis)

Delayed delayed
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Table 2. General characteristics include participants, pre- and post-HRT.
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Endometrium thickness

Variables N (%) Pre Post (48h) Post (72h) P-value
Mean + SD Mean + SD Mean = SD

Education level

Medium 13(21) 6.14 + 0.74 7.6 +0.83 7.8 +0.62 0.000

University 49 (79) 6.19 +0.94 853+ 11.15 8.94 +11.15 0.000
Marital status

Married 54 (87.1) 6.21 +0.92 8.86 + 10.62 9.91 + 10.71 0.000

Partner 8(12.9) 5.98 +0.72 7.28 +0.73 8.19 +0.71 0.000
Work conditions

Office worker 49 (79.1) 6.5+ 0.96 7.21+1.15 8.26 + 0.95 0.000

Hard workers 8(12.9) 6.06 + 0.78 7.79 + 0.58 8.57 +0.61 0.000

Unemployment 5(8.1) 5.98 + 0.59 8.4+0.84 9.6 +0.64 0.000
ABO types

0 29 (46.8) 5.58 + 0.92 9.11+0.97 10.51 + 0.87 0.000

A 12 (19.4) 6.15 + 0.67 8.48 + 1.09 9.54 + 1.91 0.000

B 16 (25.8) 6.21 + 1.03 7.21+0.96 8.34 + 0.69 0.000

AB 5(8.1) 6.46 + 1.07 7.6 +0.55 8.47 +0.34 0.000
Smoke

Yes 25 (40.3) 5.9+0.75 7.8+0.61 8.52 + 0.62 0.000

No 37 (59.7) 6.4 +0.85 8.3+ 1.06 8.71+0.96 0.000
Alcoholic

Yes 25 (40.3) 59+0.75 7.8 +0.61 8.52 +0.62 0.000

No 37 (59.7) 6.4 +0.85 8.3+ 1.06 8.71+0.96 0.000

Descriptive statistics, mixed effect two-way ANOVA Differences in mean endometrial thickness measured before and after hormone
replacement therapy

Histological analysis diagnosed endometrial delay (not appro-
priate WOI) in 73.6% of all women (Figure 2). After adjusting

the WO in study participants, there was a statistically significant

80.0%

60.0%

2 40.0%

20.0%

0.0%

26.4%

73.6%

Yes

No

Figure 2. WIO determined by histological analysis

\ol.10, No.2, June 2024

Mean (se)
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P(t1=t2=t3): 0.0001
P(prp=standart): 0.561

increase in endometrial thickness post-hormone replacement
therapy (P=0.0001).

PRP
— No
— Yes

t

2

t3

Figure 3. After adjusting for WIO based on histological analysis
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Of the participants, 61.3% had secondary infertility, 12.9% recurrent implantation failure (Table 3 ).
were diagnosed with mycoplasma infection, and all women had

Table 3. Factors influencing endometrial thickness.

Endometrium thickness

Variables N (%) Pre Post (48h)  Post (72h) 3
Mean = SD Mean = SD Mean = SD

Hormone replacement treatment history

Yes 27(43.5) 6.04+0.61  846+091  10.52+0.95 0.000
No 35(56.5) 6.37+1 7784099  8.32+0.94 0.000
Mycoplasma infection

Yes 54(87.1) 6.1120.81  8.49+0.63 9.42+0.63 0.000
No 8(12.9) 6.35+1.34  7.69+0.8 8.10+0.8 0.000
Urea plasma infection

Yes 58(93.5) 6.0940.82  8.71+0.25 9.12+0.35 0.000
No 4(6.5) 6.43+123  7.15%0.5 8.23+0.25 0.000
Infertility causes

Primary 24(387)  638:0.8 8194085  8.40%1.50

Secondary 38(61.3) 5911096 7.58+079  8.91+1.01 0.000
Infertility times

1-4 years 12(19.3) 6.44+0.67  7.8140.83  8.14+0.84 0.000
5-9 years 36(58.1)  625:087  7.41:09  8.01%091 0.000
10<years 14226)  586+1.07 963074  9.710.85 0.000
Infertility types (or causes)

Tubal 42(67.7) 6.28+0.88  8.1+0.08 8.7+0.58 0.000
Endometriosis 14(22.6) 6.26+0.94  82+0.74 8.3+0.14 0.000
Ovarian 22(35.5) 593+097 8524045  8.61+0.46 0.000
Uterine 13(21) 6.43+0.91 7.5+0.66 8.31+0.96 0.000
Aged 9(14.5) 6.0+0.7 7.6+1.0 7.8+0.91 0.000
Unexplained 2(3.2) 6.4+0 8.240.7 7.9+0.81 0.000
ART cancellation caused by a thin endome-

trium

Yes 35(56.5) 6.1+1 7.4+ 8.21+1.03 0.000
No 26(41.9) 6.2+0.7 8.5+0.82 10.8+0.97 0.000
Recurrent implantation failure

1-2 times 32(51.6) 6.3+0.7 8.641.2 8.8+1.2 0.000
3-4 times 22(35.5) 6.0+0.8 8.2+0.67 9.8+0.61 0.000
5< times 8(12.9) 5.8+1.8 7.7+0.74 8.0+0.81 0.000

Descriptive statistics, mixed effect two-way ANOVA Differences in mean endometrial thickness measured before and after hormone
replacement therapy
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Yes Histological analysis and menstrual cycle dating matched;
No Histological analysis and menstrual cycle dating did not
match, so the date of the ART plan was reset for this group.

Moreover, this increase was similar in the with PRP and with-
out PRP treatment groups(p=0.561) (Figure 3). In participants,
the thickness of the endometrium increased by 6.2+0.8 mm
before HRT and 8.59+0.96 after HRT (P=0.0001). Women with
very low endometrial thickness (mean 5.6 mm) in PRP treatment
increased to 8 mm after treatment (P=0.0001) (Figure 3).

Mean endometrial thickness was significantly increased
during ART compared to base assessment, t1 - Pre HR-Treatment,
with mixed effect two-way ANOVA with subject between effect
(two groups).

Table 4 shows the multiple comparisons. Endometrial thick-
ness changes depend on recurrent implantation failure times
(P=0.047).

The study participants were women who had failed at least
one implantation, and the fertility rate after WOI adjustment was
58.5%. Also, the implantation rate in the PRP group was 69%
(P=0.036) (Figure 4).

p=0.036

100%

75%

50%

Implantation rate

69.2
250 58.50 519

0%

Figure 4. Implantation rates were compared between groups
that underwent PRP and standard HRT

Discussion

Our study showed that the analysis of ERB and PR is a valu-
able tool for accurately identifying the WOI. Precisely determin-
ing WOI improves ART outcomes. M Enciso, et al. (2021) reported
that precise determination of the WOI can significantly improve
clinical outcomes.™

Endometrial thinning is a negative influencing factor in infer-
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tility treatment outcomes. ART outcomes are inadequate in thin
endometrial women. Recent studies have reported a 24-34%
pregnancy rate when the endometrium thickness is 4-7 mm.™
16 Therefore, if the endometrium thickness is less than 7 mm, it
is defined that the endometrium is thin, hormone replacement
therapy is ineffective, and the probability of fertilization rate is
low."” Our study participants had endometrial thicknesses of less
than 7 mm in pre-HRT. However, the implantation rate was 59%
when adjusted for WOI, which is higher than that of other studies
with undetermined WOI.

Recent studies suggest that the pregnancy rate may increase
with growing endometrial thickness within a specific range.'
It has been suggested that the minimal endometrial thickness
required for embryo transfer is 7 mm at the end of the follicular
phase.?’ It has been confirmed that the thickness of the endome-
trium influences implantation rates. While there isn't an accepted
cut-off point for appropriate endometrial thickness, it's generally
accepted that 8 mm is the minimum at which ART is still typically
compelling. The probability of becoming pregnant rises from 53
to 77% for 9 and 16 mm thicknesses, indicating a discernible
variation in implantation rates. It has been established that the
thickness of the endometrium influences implantation rates. In
the study participants, endometrium thickness was 6.2+0.8 mm
before Hormone replacement therapy and 9.59+0.96 after treat-
ment, confirming the above studies’ outcome. According to the
results of our research, PRP therapy increases the thickness of
the endometrium in women with endometrial thinning and cre-
ates conditions for fertilization. Women with very low endometri-
al thickness (mean 5.6 mm) in PRP treatment increased to 8 mm
after treatment (P=0.0001). The PRP treatment group’s implan-
tation rate was significantly higher (P=0.036). This result sup-
ports the hypothesis of other studies. Centrifuging the patient’s
peripheral blood yields a volume of plasma with a platelet count
above baseline, known as platelet-rich plasma (PRP).2"2? Plate-
lets are pieces of non-nucleated cells originating from megakary-
ocytes generated from bone marrow. The granules” accumulated
chromo-mere and the agranular hyalomere, rich in cytoskeletal
proteins, comprise the two components of platelets’ cytoplasm.
Multiple proteins are contained in platelet granules. When inju-
ries occur, these proteins are secreted, activating platelets and
directing them to the site of injury or deficiency.?*# This enables
PRP to participate in inflammatory processes24, chemotaxis, im-
mune responses, cell proliferation, migration, tissue growth and
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Table 4. Multiple comparison tests in two-way mixed ANOVA

Correlation between endometrial delay and assisted
reproductive technologies outcome

95% Confidence Interval

Variable NE?:nE(ief- Std. Error  P-value P-value
Lower Bound Upper Bound

Work conditions

Office worker Hard workers 0.3608 0.261 0.173 -0.163 0.885 0.891
Unemployment -0.1654 0.278 0.556 -0.725 0.394

Hard workers Office worker -0.3608 0.261 0.173 -0.885 0.163 0.114
Unemployment -1.5262 0.353 0.043 -1.236 0.184

Unemployment Office worker 0.1654 0.278 0.556 -0.394 0.725 0.451
Hard workers 1.5262 0.353 0.043 -0.184 1.236

Recurrent implanta-

tion failure

1-2 times 3 -4 times .3220* 0.137 0.047 0.005 0.639 0.614
4< times 0.2675 0.220 0.261 -0.242 0.777

3-4 times 1-2 times -.3220* 0.137 0.047 -0.639 -0.005
4< times -0.0545 0.234 0.822 -0.594 0.485

4< times 1-2 times -0.2675 0.220 0.261 -0.777 0.242
3 - 4 times 0.0545 0.234 0.822 -0.485 0.594

Infertility times

1-4 years 5 - 9 years 0.1857 0.172 0.313 -0.212 0.583 0.914
15< years 0.4009 0.203 0.084 -0.067 0.869

5-9 years 1 -4 years -0.1857 0.172 0.313 -0.583 0.212
15< years 0.2152 0.154 0.201 -0.141 0.571

15< years 1 -4 years -0.4009 0.203 0.084 -0.869 0.067
5 -9 years -0.2152 0.154 0.201 -0.571 0.141

Two-way mixed ANOVA test and various comparisons: a RIF vs. Control, P-value 0.047

healing, and neo angiogenesis.

This study has several strengths: it included women with en-
dometrial thinning, defined WOI precisely by histological analy-
sis, and evaluated adjusted outcomes. Also, the results of the PRP
treatment were compared with those of the control group. A lim-
itation of the study is the small sample size. In the future, IVF cen-
ters must identify WOI precisely and plan ART treatment to study
clinical outcomes. Also, for RIF women, PRP therapy may be an
effective method. PRP is still a new application in Gynaecology
and reproductive medicine for treating thin endometrium. After
publishing the guideline, some RCT studies have been conducted
to prove its effectiveness. So, a systematic review of the efficacy
and safety of PRP for treating thin endometrium is necessary.
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Conclusion

In infertility women, 73% had a menstrual cycle-defined WOI
delay. Precisely identifying WOI and planning treatment for wom-
en who have recurrent failed implantation and thin endometrium
can effectively increase the thickness of the endometrium and
improve the implantation rate. PRP significantly improved im-
plantation rates in women with thin endometrium.
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