
New technologies 
for implantation prediction
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Introduction 

• The soaring success of  (ART) has come with an 
increased rate of  multiple pregnancies.

• To avoid obstetric complications, in many IVF 
centers. 

• Single embryo transfer is one approach

• this strategy is still unacceptable for many 
couples
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Improvement in implantation and pregnancy rates:

 Improved embryo examination and selection

 Enhancement of ovarian stimulation

 Techniques of oocyte insemination

 Micromanipulation 

 Embryo transfer

 Preimplantation genetic diagnosis

 Composition of culture media
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Embro selection methods

• Static oocyte and embryo 
morphology

• Follicular fluid marker

• Cumulus cell marker

• PGS

• Time-laps, algorithms

• OMICS

• Non-coding RNA

• Biochemical markers
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Non-invasive methods of embryo evaluation

• Assess embryos without damage

• Selection of  high quality embryos

• Reduces the number of transferred embryos

• Reduces multifetal pregnancies
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Morphological Assessment

 The Pronuclear-Stage Embryo

 Cleavage-stage Embryos

 Development to the Blastocyst Stage
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Morphological Assessment

 Pronuclear size and symmetry;

 Size, number, equality and distribution of nucleoli

 Appearance of cytoplasm

 Polar body structure and placement

 Zona pellucida
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Thickness of zona pellucida:

• The embryos with an  regularly thick 

zona pellucida have higher implantation 

rate than embryos with uniform 

thickness of zona pellucida. The embryos 

with thick zonae,  greater than 15 

microns have a smaller implantation rate 

than embryos with thinner zona.
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Embryo Assessment In 

Pronuclear Stage

• high embryo score (>15)

• pregnancy 71%

• implantation 28%

• low embryo score

• pregnancy 8%

• implantation 2%
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Embryo Assessment In

Cleavage Stage

A - Symmetric blastomeres

B - Distinctly asymmetric 

blastomeres

C - Defects of cytoplasm

1 - No fragmentation

2 - Fragmentation less than 20%

3 - Fragmentation between 30-50%

4 - Fragmentation above 50%
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Ideal features of the 
cleavage-stage embryo.
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Embryo assessment in 

blastocyste stage

Blastocyst viability

Total cell number

Inner cell mass (ICM) cell number

Expansion state of the blastocoel cavity

Gardner showed that blastocysts of high quality

led to the highest pregnancy and implantation

rates.
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Embryo assessment in

blastocyste stage

Top-scoring blastocyst

(Score of 3AA)

 full blastocoel cavity

 well-populated ICM 

 tightly formed ICM

 a cohesive trophectoderm with many 

cells
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Assessment of metabolism to select

embryos

Many of the non-invasive approaches such as metabolomics, proteomics, 

secretomics, still remain as poorly applicable on a daily basis in the IVF 

laboratory.
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Cleavage stage

Carboxylic 
acid-based 
metabolism 

Pyruvate 
uptake↑

Lactate 
production↑

Glucose 
uptake↓
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Algorithm for embryo selection
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Morphology

Pronuclear-Stage

Cleavage-stage

Blastocyst Stage

High-quality Embryo
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Another strategy: use a model that estimates 
the potential of transferred embryos

• qualitative estimation of embryo potentials

• Our data shows that p depends on embryo quality. The 
best embryos, those that are quickly developing, high-
grade embryos, have a p of 30%. This value correlates 
well with the result reported by Vilska et al. (1) for single 
embryo transfers. The embryo implantation probabilities 
for poor grade embryos (grade 2) is only 1/3 of the value 
derived for the best embryos, and it is equal to 0 for the 
worst embryos (i.e., those that are multifragmented, 
grade 1 embryos, and slowly developing embryos [1 cell 
on day 2]).
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Kid score 

• 912 embryos from 270 patients

• October 2016 and June 2018

• embryos were cultured for up to five or six days in an 
Embryoscope® time-lapse incubator and evaluated 
based on the KIDscoreTM D5algorithm (KS5). 

• Biopsies for PGT-A screening were performed

•in 778 (85.31%) embryos.
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• total of 184 single embryo transfers (68% of patients) were 
performed during the study period and the embryos 
transferred were divided into four groups:

1) euploid embryos transferred without consideration to their 
KS5 scores (n=86); 
2) euploid embryos transferred considering their KS5 scores 
(n=48);
3) embryos transferred without consideration to their KS5 scores 
and that were not evaluated by PGT-A (n=40)
4) embryos transferred considering their KS5 scores and that 
were not evaluated by PGT-A (n=10).
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• Our highly encouraging results showed the advantages

offered by time-lapse technology in assisted reproduction. We 
firmly believe that predictive algorithms should be used as an 
accessory tool to traditional morphological assessment

and PGT-A and incorporated into the protocols of

assisted reproduction laboratories. An easy-to-implement

method, predictive algorithms use basic events in embryo

development observed by an embryologist as input to produce

a score with which the best embryos can be selected

for transfer.
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Baseline characteristics of the
variables included in the data sets

• Age*, y                                                                          

• Attempt times of IVF*

• Antral follicle count*

• Follicle stimulating 
hormone*, IU/L

• Luteinizing hormone*, IU/L 

• E2 per mature oocyte

• E2 on HCG day*, pmol/L 

• Endometrial Thickness*, mm 

• MetaphaseII (M II)* 

• 2pronucleus(PN)* 

• Oocyte Number* 

• 2PN/MII*

• Male factor

• Frozen Sperm Oligospermia 

• Asthenospermia

• Azoospermia 

• Female Factor

• Endometriosis 

• Ovulation Disorder 

• Unknown 
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• Sperm Retrieval
• Ejaculation 
• MESA 
• TESA 
• PESA 
• Stimulation Protocol
• Agonist Protocol* 
• Antagonist Protocol 
• Endometrial Type
• A* 
• B 

• C* 
• Infertility
• Primary 
• Secondary* 
• Fertilization Method
• IVF 
• ICSI* 
• Embryo Features
• Number of Blastomere* 
• Fragmentd* 
• Equalitye*
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Mitochondrial DNA levels as a marker of 

embryo viability in IVF
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Analysis of 
physiology and the 

search for 
biomarkers

Targeted 
metabolomics

Metabolomic
s

Glucose 
utilization

Amino acid 
utilization

Proteomics
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Concept microfluidic device for biomechanical 

analysis of a preimplantation embryo
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