Blastocyst Formation, Quality
Assessment, and Selection in
ART

An advanced training course for embryologists and ART specialists exploring the
biological, cellular, and technological aspects of blastocyst development,
assessment, and selection in assisted reproductive technologies.

2 by Fertility Guidance Technologies



Course Agenda

Blastocyst Biology Quality Assessment

Cellular mechanisms, developmental timeline, and structural Traditional grading systems, morphological criteria, and
components of blastocyst formation evidence-based evaluation techniques

Advanced Selection Clinical Integration

Time-lapse imaging, PGT-A, and artificial intelligence Translating scientific knowledge into improved ART outcomes
applications in embryo selection and clinical decision-making

This comprehensive course combines scientific principles with practical applications to enhance embryo selection skills and improve

reproductive outcomes.



Developmental Timeline of
Blastocyst Formation

L Day 1

Fertilization and pronuclear formation. First mitotic division begins.

2 Day 2-3

Cleavage stage: 2-8 cells. Embryonic genome activation initiates.

3 Day 4

Morula formation. Compaction and polarization of outer cells occurs.

4 Day 5-6

Blastocyst formation with differentiated ICM and TE, blastocoel cavity
expansion.

The transition from zygote to blastocyst involves precise cellular events that establish
the first cell lineages and create the foundation for embryonic and extraembryonic

tissues.



Cellular Mechanisms of Blastocyst Formation

Key Processes

° Compaction: adhesion of blastomeres via E-cadherin

g Polarization: asymmetric distribution of proteins in outer cells
° Cavitation: formation of fluid-filled blastocoel via ion transport
° Differentiation: allocation of cells to ICM or TE lineage

These processes involve complex molecular interactions that establish cellular identity and
embryonic architecture essential for implantation and further development.

Tight junctions and adherens junctions mediated by E-cadherin are critical for establishing the



Molecular Signaling in Lineage Specification
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Hippo Signaling

Active in inner cells, inhibited in outer cells. Regulates Yap

localization, preventing nuclear accumulation in ICM cells.
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Par Complex

Establishes apical-basal polarity in outer cells, influencing
asymmetric cell division and fate determination.
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Transcription Factors

Differential expression of CDX2, TEAD4 (TE); OCT4, NANOG (ICM);
GATA6, SOX17 (hypoblast).
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Wnt Pathway

Contributes to cell fate decisions through 3-catenin regulation
and interaction with other signaling cascades.

The precise orchestration of these molecular pathways establishes the first cell lineage decisions in the mammalian embryo, creating a

blueprint for subsequent developmental events.



Structure and Function of
Blastocyst Components

Inner Cell Mass (ICM) Trophectoderm (TE)
Gives rise to the embryo proper. Develops into placental tissues.
Further differentiates into epiblast Forms an epithelial layer with
(embryonic tissues) and hypoblast apical-basal polarity. Expresses
(extraembryonic endoderm). CDX2 and TEAD4. Mediates
Characterized by pluripotency implantation and maternal-
markers OCT4 and NANOG. embryonic exchange.

Blastocoel Cavity

Fluid-filled space created by active ion transport. Essential for proper spatial
organization of ICM and TE. Maintains hydrostatic pressure for expansion.



Epigenetic Regulation in Blastocyst Development

Key Epigenetic Mechanisms

° DNA methylation reprogramming after fertilization
° Histone modifications establishing chromatin accessibility
° X-chromosome inactivation in female embryos

y Imprinted gene regulation maintaining parent-of-origin expression

Epigenetic patterns established during preimplantation development influence cell lineage
commitment and can have long-term developmental consequences.

The dynamic epigenetic landscape during blastocyst formation involves genome-wide



Gardner and Schoolcraft Blastocyst Grading System

Expansion Grade (1-6) Inner Cell Mass Quality (A-C) Trophectoderm Quality (A-C)

1: Early blastocyst - blastocoele <50% of A: Prominent, compacted, many cells A: Many cells forming cohesive epithelium
Sl GO B: Moderate number of cells, loosely B: Few cells forming loose epithelium

2: Blastocyst - blastocoele >50% of grouped

C: Very few large cells, poor epithelium
embryo volume C: Few cells, very loose or difficult to
3: Full blastocyst - blastocoele completely discern

fills embryo

4: Expanded blastocyst - thinning ZP,
increased volume

5: Hatching blastocyst - TE herniating
through ZP

6: Hatched blastocyst - completely
escaped from ZP

The combined scoring system (e.g., 4AA, 3BC) provides a standardized method for evaluating blastocyst quality and potential for implantation.




Correlation Between Blastocyst Grading and Clinical

Outcomes

Expansion Grade

Strong positive correlation with
implantation, pregnancy, and live birth
rates. Blastocysts with higher expansion
grades (4-6) show significantly better
outcomes.

Blastocyst Dimensions

Positive correlation between blastocyst
diameter, width, area and clinical
pregnancy rates. ICM-to-blastocyst
diameter ratio shown to predict
pregnancy success.

TE Quality

Strongly associated with implantation
potential and live birth rates. TE grade A
embryos demonstrate superior ability to
implant and establish pregnancy.

ICM Quality

Mixed evidence regarding predictive
value. Some studies show little correlation
with outcomes, while others demonstrate
association between ICM morphometrics
and implantation rates.



Identifying High-Quality Blastocysts

Optimal Morphological Characteristics

° Appropriate development timing (Day 5-6)

° Full expansion with thinning zona pellucida

° Prominent, compact, and distinct ICM

g Numerous, cohesive TE cells forming intact epithelium

° Symmetrical overall structure

*  Absence of vacuoles, fragmentation, or cell degeneration

*  Appropriate blastocoel formation and maintenance

The ideal blastocyst demonstrates proper timing of development, harmonious organization of



Time-Lapse Imaging in Blastocyst
Assessment

Morphokinetic Parameters Clinical Advantages

Continuous monitoring of developmental Evidence-based benefits:

ulliseeliiss * Undisturbed culture conditions

* Time to pronuclear appearance and *  Detection of abnormal cleavage
fading patterns

*  Timing and synchrony of early *  Observation of transient events

cleavaqge divisions
g * Standardized documentation

* Time to compaction and blastulation :
* Improved inter-observer agreement

*  Expansion rate and hatching dynamics

Predictive Models

Algorithm-based scoring systems:

* KIDScore, Eeva Test

*  Custom algorithms incorporating patient factors

* Validation against implantation and live birth

* Integration with traditional morphology




Preimplantation Genetic Testing for Aneuploidy (PGT-A)

Technical Approaches

Trophectoderm biopsy at blastocyst stage

Next-generation sequencing (NGS)
Array comparative genomic hybridization (aCGH)
Quantitative polymerase chain reaction (QPCR)

Non-invasive approaches (spent culture media analysis)

PGT-A provides chromosomal assessment of embryos prior to transfer, allowing selection of
euploid embryos with higher implantation potential.

Trophectoderm biopsy involves the removal of 5-10 cells from the outer layer of the blastocyst,



Clinical Impact of PGT-A in Embryo Selection
60-70% 20-40% 35-50% 99.9%

Aneuploidy Rate Implantation Improvement Miscarriage Reduction = Chromosome Detection
Average frequency of Typical increase in implantation ~ Observed decrease in pregnancy  Analytical sensitivity of modern
chromosomally abnormal rates when transferring euploid loss rates following transfer of NGS platforms for detecting
embryos across all maternal embryos identified through PGT-  euploid embryos, particularly in whole-chromosome
ages, increasing dramatically A compared to unscreened advanced maternal age patients. aneuploidies in trophectoderm
after age 35. embryos. samples.

While PGT-A significantly improves selection efficiency, ongoing debate surrounds the management of mosaic embryos and the cost-
effectiveness of universal screening.
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Artificial Intelligence in Embryo Assessment

Deep Learning Applications

Convolutional neural networks (CNNs)
analyze static and time-lapse embryo
images to predict:

* Blastocyst formation potential from
early-stage embryos
* Implantation and live birth probability

* Chromosomal status without invasive
testing

* Automated annotation of
developmental milestones

Validation Requirements

Critical factors for establishing Al reliability:

Well-curated, balanced datasets with
diverse patient populations

Model robustness across different
laboratories and clinical settings

Performance repeatability with
consistent results

Transparency in algorithm
development and validation
methodology

Clinical Integration Challenges

Barriers to widespread implementation:

Need for prospective randomized
clinical trials

Regulatory approval processes

Integration with existing laboratory
workflows

Ethical considerations in Al-guided
embryo selection



Evidence for AI Performance in Embryo Selection

Key Research Findings

° Multiple artificial neural networks (ANNs) developed for various ART applications
° Retrospective validation studies demonstrate promising accuracy

° Automated annotation of key developmental events shows high concordance with expert
embryologists

° Viability and implantation prediction models achieve clinically relevant accuracy

° Some Al systems show potential for non-invasive ploidy prediction

Despite promising results, most studies remain retrospective and non-randomized,

highlighting the need for prospective clinical validation.

Comparative analyses between Al systems and expert embryologists demonstrate that well-



Transcriptional Regulation in Blastocyst Cell

Lineages

Oct4 (Pou5f1)

Critical for maintaining pluripotency in ICM.
Restricted to ICM by blastocyst stage.
Represses trophectoderm differentiation.

Tead4

Upstream regulator in TE specification. 0,0
Activity modulated by Hippo signaling and
Yap localization.

Sox17

Cooperates with Gata6 in primitive endoderm
formation. Regulates genes involved in
endoderm development.

00

Cdx2

Master regulator of trophectoderm lineage.
Reciprocal inhibition with Oct4. Activated by
Tead4 in outer cells.

Nanog

Expressed in epiblast precursors.
Maintains pluripotency and prevents
differentiation to primitive endoderm.

Gatab

Drives primitive endoderm (hypoblast)
specification. Antagonistic relationship with
Nanog in ICM cells.

The precise spatiotemporal expression of these transcription factors establishes a molecular framework for the first cell fate decisions in

mammalian development.



Impact of Culture Conditions on

Blastocyst Quality

Oxygen Tension

Reduced oxygen (5-6%) better mimics
physiological conditions compared to
atmospheric levels (20%). Low oxygen culture is
associated with:

*  Improved blastocyst formation rates
* Enhanced ICM and TE cell numbers

* Altered gene expression profiles favoring
development

*  Reduced reactive oxygen species production

Physical Parameters
Critical environmental factors include:

*  Temperature and pH stability
*  Osmolality of culture medium
*  Group vs. individual culture approaches
*  Oil overlay quality and gas permeability

* Handling techniques and mechanical stress

Culture Media Composition
Sequential vs. single-step media systems affect:

*  Metabolic programming of the embryo
*  Amino acid utilization patterns

* Epigenetic modifications

*  Gene expression in resulting blastocysts

*  Timing of developmental milestones




Clinical Decision-Making in Embryo Selection

Patient-Specific Considerations

. Maternal age and ovarian reserve status

y Previous IVF cycle outcomes

° Genetic risk factors and carrier screening results
g Uterine receptivity and endometrial preparation
° Intended number of embryos to transfer

*  Availability of cryopreservation

The optimal embryo selection strategy should be tailored to individual patient characteristics,
prioritizing factors most relevant to their specific clinical scenario.

Integrating multiple assessment modalities (morphology, time-lapse parameters, genetic



Ethical Considerations in Advanced Embryo Selection

Informed Consent

Patients must understand the capabilities, limitations, and
uncertainties of each selection method. This includes error
rates of PGT-A, validation status of Al systems, and
potential for discarding viable embryos.

Equity and Access

Advanced selection technologies increase treatment costs,
potentially limiting access to certain patient populations.
This raises questions about healthcare disparities and the
societal distribution of reproductive technologies.

Data Privacy and Ownership

Al systems require large datasets of embryo images and
outcomes. Considerations include patient consent for data
use, anonymization protocols, and commercial ownership
of algorithms trained on patient data.

Algorithmic Transparency

The "black box" nature of some Al systems raises concerns
about interpretability and accountability. Embryologists and
patients may be unable to understand the basis for Al-
driven selection decisions.

Navigating these ethical challenges requires ongoing dialogue between clinicians, researchers, ethicists, and patient advocates to establish

guidelines that balance technological advancement with patient welfare.



Future Directions in Blastocyst Assessment and Selection

Multi-Modal Integration

Development of comprehensive assessment platforms that combine
morphology, morphokinetics, genetics, and metabolomics into
unified prediction models. This integration promises more accurate
selection by leveraging complementary information from diverse
assessment modalities.

3

Artificial Intelligence Refinement

Development of explainable AI models with greater transparency in
decision-making processes. Future systems will likely incorporate
patient-specific factors and provide personalized selection
recommendations based on individual clinical profiles.

2

Non-Invasive Genetic Testing

Advancement of techniques analyzing cell-free DNA in spent culture
media or blastocoel fluid to determine chromosomal status without
biopsy. These approaches could reduce manipulation risks while
maintaining genetic screening benefits.

Global Standardization

Establishment of international consensus on blastocyst assessment
criteria and reporting standards. Standardized approaches will
facilitate multi-center research collaboration and improve consistency
in clinical practice worldwide.
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