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Narrative Review

Capsule

Endometrial preparation is critical for successful IVF. This review discusses how hormonal regulation, thickness, and synchronization 
between embryo and endometrium impact implantation. Although there is no absolute guideline, this review provides clinicians with 
insights on optimizing IVF outcomes through a multifactorial approach.

Introduction

Endometrial preparation is essential for IVF protocols, aiming to create an optimal environment for embryo implantation and 
subsequent pregnancy. Successful nidation requires a receptive endometrium, influenced by factors such as thickness, hormonal 
environment, and synchronization with embryonic development [1-3]. Despite numerous studies linking endometrial thickness (ET) 
with implantation, evidence remains inconclusive, and ET is not yet an established marker for determining receptivity [4,5].
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Abstract
Endometrial preparation is crucial in IVF protocols to create optimal conditions for embryo implantation and pregnancy. Successful 

embryo nidation requires a receptive endometrium, influenced by factors such as endometrial thickness, hormonal environment, 
autocrine and paracrine growth factors, and resident stem cells in the endometrium basalis. Synchronization between embryonic 
and endometrial development is essential. However, identifying the precise Window of Implantation (WOI) is challenging due to 
variability in estrogen and progesterone production, metabolism, and metabolic clearance rates (MCR). This review aims to outline 
a clinical approach that, though not absolute, assists in understanding complementary phenomena and provides useful guidance for 
practice.
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Studies have shown that endometrial thickness of ≥ 9 mm at the time of hCG administration is associated with higher pregnancy rates, 
but variability exists across studies [6-8]. Women with ET between 10 - 12 mm tend to have the highest pregnancy rates, although over 
500 studies on ET and ART outcomes highlight the challenges in establishing a consistent relationship [9-12].

The clinical significance of small differences in ET, such as 0.5 mm, is debatable due to measurement variability. While extensively 
studied, ET’s role in predicting implantation success remains controversial and requires cautious interpretation.

This study critically examines factors influencing endometrial adequacy for embryo implantation, aiming to balance the role of the 
endometrial interface at implantation. Although no single factor, procedure, or molecule significantly impacts embryo implantation alone, 
endometrial progesterone-mediated differentiation is essential for early pregnancy [13].

Materials and Methods

This narrative review synthesizes findings from multiple studies investigating endometrial preparation methods, including natural 
cycles, ovulation induction, and hormone replacement therapies (HRT). Pub Med, Google Scholar, Cochrane library, Scopus, Embase, 
Web of Science, and ClinicalTrials.gov databases helped in compiling a comprehensive literature review that covers both theoretical 
and clinical research on endometrial preparation, taking into account various study designs and methodologies. No date limit was used 
for our search. Particular attention is given to randomized controlled trials (RCTs) examining how various factors, such as biochemical 
conditions, estrogen and progesterone variability, and endometrial thickness, influence implantation rates. Key issues in study design, 
such as stimulation protocol variations, sample size limitations, and the influence of ultrasound variability, are critically analyzed [11,14-
16].

Results

Studies show higher implantation rates in gestational carriers compared to intentional mothers during the first embryo transfer, 
suggesting a functional syncytium between the endometrium and myometrium that is involved in successful embryo implantation [17-
19].

The debate persists on the impact of endometrial preparation on embryo implantation. Tailored treatments should not solely rely on 
sequential euploid embryo transfer due to age and ovarian reserve constraints but also consider extra-embryonic causes of implantation 
failure.

Recommendations include sequential euploid embryo transfer (SEET) as a strategy when possible, ensuring all known extra-embryonic 
causes of implantation failure are excluded or corrected [1]. Without excluding these potential causes, SEET can be considered an add-on 
rather than a primary strategy.

Collected studies suggest that optimal endometrial thickness is significant for embryo implantation and pregnancy success following 
embryo transfer. However, it is not the sole determinant. Other factors, including endometrial receptivity, embryo quality, and overall 
uterine health, also play crucial roles. This study emphasizes a comprehensive approach to assessing and optimizing endometrial 
conditions for successful embryo implantation, recognizing the complexity and multifactorial nature of implantation success.

Endometrial thickness and IVF outcomes: Numerous studies suggest an optimal ET of 8 - 14 mm correlates with higher pregnancy 
rates, with the best outcomes seen in women with an ET of 10 - 12 mm [6,8]. However, discrepancies exist, as earlier studies with smaller 
sample sizes showed inconsistent results [20,21]. Recent studies highlight that ET alone is not a definitive predictor of implantation 
success due to confounding variables such as embryo quality and synchronization with endometrial receptivity [16,22]. The issue remains 
debated with differing evaluations among authors [4,23,24]. A trilaminar or “triple-line” pattern on ultrasound around the time of embryo 
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transfer indicates a receptive endometrium [25]. This pattern, showing a central echogenic line surrounded by hypoechoic regions, 
correlates with higher implantation and pregnancy rates [26]. The trilaminar endometrial pattern is a key indicator of endometrial 
receptivity, associated with higher implantation success rates in IVF treatments.

Challenges in ET measurement: The variability in ultrasound technology and timing of ET measurements across cycles (IVF or IUI) 
complicates result comparability. Moreover, small differences in thickness (e.g. 0.5 mm) may not be clinically significant due to observer 
variability [27]. Additionally, differences in stimulation protocols and the number of embryos transferred further confound study results 
[28].

Biochemical and molecular markers: Endometrial thickness alone cannot fully predict implantation success. Biochemical markers 
such as VEGF, TGF-β, and IGF, and molecular markers like HOXA10 and LIF, play crucial roles in ensuring a receptive environment for 
embryo implantation [29,30]. Studies also highlight the importance of estrogen and progesterone in transforming the proliferative 
endometrium into a secretory state essential for implantation [3,31,32].

Hormonal environment and synchronization: Proper synchronization between the embryo and endometrium is critical, and this 
can be achieved through hormonal support. However, factors such as metabolic clearance rates of exogenously administered hormones 
affect their efficacy [33]. The balance between estrogen and progesterone is necessary to ensure a receptive endometrium and successful 
implantation [3,34].

Endometrial dating: Histological dating of an endometrial biopsy assesses the tissue’s readiness for embryo implantation, 
particularly during the luteal phase [35-38]. Key features assessed include tortuous glands with secretory activity, increased stromal 
fluid, transformation of stromal cells, and coiling of spiral arteries. Histological dating helps ensure embryo transfer aligns with the 
receptive phase, increasing implantation and pregnancy success. Newer methods like molecular markers of endometrial receptivity and 
transcriptomic assays (e.g. the Endometrial Receptivity Array) aim to provide more precise assessments but have yet to significantly 
advance clinical diagnostics.

Immunohistochemical (IHC) evaluation assesses specific markers indicating the endometrium’s readiness for 
implantation.

Marker Assessment Reference
PR (Progesterone Receptor): Decreases in the secretory phase 39

ER (Estrogen Receptor): Downregulated in the secretory phase 32
LIF (Leukemia Inhibitory Factor): Peaks during the mid-secretory phase. 40

Glycodelin: Levels increase during the secretory phase. 41

Integrins: Levels increase during the secretory phase. 42

Ki-67: High in the proliferative phase, decreases in the secre-
tory phase.

43

HOXA10: Increases in the secretory phase, indicating receptivity. 44
VEGF (Vascular Endothelial Growth Factor): Upregulated during the secretory phase for increased 

vascularization.
45

MUC1 (Mucin 1): High levels during the mid-secretory phase suggest 
receptivity.

46

Table 1: These markers help in dating the endometrium and determining its adequacy for embryo nidation.
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Strategies for low endometrial thickness

When the endometrium does not respond adequately to ovarian stimulation, it can negatively impact embryo implantation and 
pregnancy. Hormonal supplementation, such as oral, transdermal, or injectable estradiol, is commonly used to improve thickness. Higher 
doses or extended administration may be necessary [47,48]. Human chorionic gonadotropin (hCG) at low doses has also been shown to 
stimulate endometrial growth [49]. Insufficient endometrial growth can lead to implantation failure, miscarriage, and conditions like 
intrauterine growth restriction [50].

Several potential reasons for inadequate growth include hormonal imbalances, poor uterine blood flow, chronic endometritis, structural 
damage from surgeries or infections like Asherman’s syndrome, and molecular abnormalities in growth factors [51,52]. Lifestyle factors 
such as smoking, stress, and poor nutrition also contribute to poor growth.

Management strategies focus on hormonal adjustments, increasing estrogen and progesterone, and improving blood flow with agents 
like aspirin or pentoxifylline [53]. Treating underlying infections such as endometritis with antibiotics is also crucial for restoring normal 
growth [54]. Surgery may be required to remove adhesions, and lifestyle changes like a healthier diet and stress reduction may help 
improve reproductive health [55].

Adjuvant therapies include the use of platelet-rich plasma (PRP) to stimulate vascularization, granulocyte-colony stimulating factor 
(G-CSF) to increase endometrial thickness, and sildenafil to enhance uterine blood flow [56,57]. Despite these interventions, large-scale 
RCTs are still required to validate these methods, especially with controversial therapies like endometrial scratching, which has shown 
mixed results in studies [58,59].

Endometrial thickness is critical for embryo implantation success, but achieving the right hormonal environment and improving 
blood flow are equally important. Both vascularization and hormonal factors like estradiol and progesterone balance are vital for proper 
endometrial preparation [31]. Growth factors like VEGF and nitric oxide regulate vascularity, enhancing blood flow for successful embryo 
implantation [60].

Cellular and molecular markers, such as pinopodes, stromal decidualization, and integrins, play crucial roles in determining endometrial 
receptivity. Inadequate development can prevent successful implantation, and continuous research is essential for improving outcomes 
in IVF cycles [31,61].

Here is a simplified and rephrased version of the table content, with clear and concise text.

Feature Details
Endometrial Thickness Ideal range is 7-14 mm for successful implantation. Thickness below 7 mm increases the risk of 

miscarriage.
Triple-Line Pattern A trilaminar pattern on ultrasound near embryo transfer indicates a receptive endometrium.
Hormonal Environment Adequate estrogen stimulates growth; progesterone converts the lining to support implantation. 

Synchronization with the embryo is essential.
Receptive Window The “window of implantation” occurs 6-10 days post-ovulation, marking the best time for  

embryo attachment.
Molecular Markers Key markers like integrins and LIF help create a favorable environment for the embryo.

Table 2: Key features determinant for endometrial adequacy for embryo implantation.
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Method Intervention
Hormonal Supplementation Estradiol via oral, transdermal, or injectable routes increases thickness. Proges-

terone, delivered vaginally or via injections, also helps.
Adjuvant Therapies Low-dose aspirin and pentoxifylline improve blood flow. Platelet-rich plasma 

(PRP) can stimulate growth.
Granulocyte-Colony Stimulating 
Factor (G-CSF)

Injected directly into the uterus to improve thickness and pregnancy outcomes.

Endometrial Scratching A minor procedure that stimulates tissue repair, enhancing receptivity.
Lifestyle Changes Healthy diet, exercise, stress management, and yoga can promote overall endo-

metrial health.

Table 3: Strategies to improve the endometrial thickness and possible euploid embryo implantation. 

Figure 1: Schematic view of endometrial preparation for embryo transfer by HRT. 

Figure 2: Schematic view of second line endometrial preparation strategy after failure of endometrial growth and 
receptivity after several euploid embryo transfer.
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Discussion

Despite the large body of research, no single factor-such as endometrial thickness-can independently predict embryo implantation 
success [69,70]. Studies highlight the complexity of implantation, where a multitude of factors, including hormonal environment [62-64], 
synchronization between embryo and endometrium [65-67], abnormal uterine contractility [68] and molecular markers of receptivity 
[61], must be considered.

Variations in study design, differences in stimulation protocols, and sample size issues contribute to inconsistent results across 
studies. Large-scale, well-designed trials are necessary to refine our understanding of how best to optimize endometrial preparation for 
successful embryo transfer.

Clinical interventions, such as estradiol supplementation, PRP therapy [56,71,72] and G-CSF [73] injections, show promise in improving 
endometrial receptivity. However, these interventions should be personalized based on individual patient profiles and broader contextual 
factors such as embryo quality and uterine health.

Conclusion

Endometrial preparation for embryo transfer involves a complex interplay of factors, including thickness, hormonal environment, 
and synchronization with embryonic development. While no single factor guarantees implantation success, the review emphasizes a 
comprehensive, multifactorial approach to optimizing endometrial receptivity. Future research should focus on integrating molecular 
diagnostics and personalized therapeutic approaches to further improve IVF outcomes.
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