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Automatisation de la Sélection des Spermatozoïdes avant ICSI

Nino Guy Cassuto     Labo Drouot Paris



6,429 Results



81 Results



Total Fertility Rate TFR, globally and by Global Burden of Diseases GBD 
1950 – 2100

Lancet March 2024



Spermatozoa over the time

50 Millions / ml decrease in 50 years  

Human Reproduction Update November 2017

1951    100 Millions/ ml

1970      90 Millions/ ml

1974      75 Millions/ ml

1998      55 Millions/ ml

2005      51 Millions/ ml



Potential effects of exposure to environmental factors on declining fertility rates 

ESHRE March 2024



Score = Head x2  +  Vacuole x3  +  Base x1 = 6
Vanderzwalmen P. RBMO 2008      Balaban B. RBMO 2011      Knez K. Rep Bio Endoc 2011 and RBMO 2012      
Setti AS. J A Rep Gen 2012              Tanaka A. F S 2012               El Khattabi L. F S 2013   
Greco E. F S 2013



Strict morphological criteria for sperm head

Score 0 Score 6
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Morphological criteria are used to score spermatozoa at high magnification 
(6100x) and to assess expended good blastocyst quality 

Cassuto et al., 2021





Different Sperm Head Morphology

Same Genetic Information
Same DNA sequences

Different Epigenetic
Profiles Methylation

Different Outcome:
• Fertilization 
• Blastocysts

• Pregnancies rate and Birth Defect 



May 2021



Chelli MH. J A Rep Gen 2013



April 2024

A Score 0 spermatozoa exhibit significantly higher 
inter-telomeric distances
B Score 0 spermatozoa exhibit significantly higher 
chromosomal territory areas for chromosome 1.

Perdrix A HR 2013

Perdrix A  HR 2013 BioMed Research 2016
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This data showed a clear significant correlation between the sperm head 

morphology at high magnification and the DNA methylation profile



Using the GeneChip miRNA array technology, we dissected the miRNAome of ten semen
samples scored according to their high-magnification morphology (score 6 versus score 0).
The correlation between spermatozoa-miRNAs and their corresponding mRNA targets was
analyzed using in silico prediction algorithms. The spermatozoa methylome was studied in
score 6 samples using DNA sequencing method.

Human sperm microRNA profiling correlated with head morphology

NG. CASSUTO 1, L. RUOSO 1, D. BOURET 1, C. CHAO 1, N. LEDEE 2, L. PRAT-ELLENBERG 1, S. ASSOU 3

1 ART Unit Drouot Laboratory, Paris, France

2 Bluets Hospital, Paris, France

3 IRMB, University f Montpellier, INSERM, Montpellier, France

This study confirms the links between different OMICS patterns;
like epigenome, methylome, transcriptome, miRNAome,
and sperm head morphology at high magnification.

Today only one tool; the morphology permit in real-time to avoid  
the wrong epigenetic spermatozoa profile before injection in ICSI.

Reveals that microRNA profiling of good spermatozoa morphology 
may provide biomarkers reflecting sperm function to investigate 
its quality. 

This opens new perspectives to explore male infertility; in addition 
to basic semen analysis information with new diagnostic tests 
particularly during ART procedures

RESULTS

CONCLUSIONS

Differences in the global miRNA expression profiles of sperm samples with 
good and poor morphology

PURPOSE & OBJECTIVES

Male infertility research to understand the physiology of sperm has improved and more
sophisticated techniques to identify high quality sperm function. We previously published a
scoring scale where the spermatozoa with a total score of 6 points (Good spermatozoon
morphology) displays normal head shape with symmetrical nuclear no extrusion and/or no
invagination of the nuclear membrane, without any vacuole and normal base. The
spermatozoa with a score 0 displays a nuclear-shape disorder with an abnormal base and
at least one large vacuole (Bad spermatozoon). The objective of this study is to analyze
microRNA (miRNA) profiles according to different morphological scoring (score 6 versus
score 0) and to identify the keys regulators involved in sperm quality.

MATERIAL & METHODS

Differential microRNA expression in Score 6 and Score 0

Target prediction and functional annotations of overexpressed miRNAs in
Score 6

RESULTS

*Cassuto N.G et al. Biomed Res Int. 
2021 Sep 18;2021:1434546 (PMID: 
34604380). *Cassuto N.G et al. Biomed 
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➢ Experimental design:

➢

➢

Score 0

Score 6

MiRNAome
s

New players and new links who interfere in the sperm quality

We proposed a scoring scale for
sperm morphology at high 
magnification, useful for ICSI 
protocol, with a score of 6 points for a
good spermatozoon to assess
expended good blastocyst and a score
of 0 for a bad spermatozoon with an 
altered nucleus

Good blastocyst 

Bad blastocyst 

Principal Component Analysis (PCA) in 3-dimensional
plots represents the different sample’s gene
expression patterns (Score 0 and Score 6). Each dot
represents a sample. 10 samples can be divided into
two distinct groups based on their gene expression
profiles

The molecular signatures of Score 6 and
Score 0 were visualized by a hierarchical
clustering diagram based on the differential
expression genes.
- The 5 samples Score 6 clustered in 1 Red
branch
- The 5 samples Score 0 samples in 1 Blue
branch

Two-dimensional Scatter plots
representing the top miRNAs that are
differentially expressed in Score 6 and
Score 0. Each dot represents a sample:
Red=Score 6 and Blue= Score 0.

Violin plot - Box-and-whisker plots –

comparing microRNAs that are differently

expressed (FC >2 and p-value ≤0.05) in

Score 6 (n = 5) and Score 0 samples (n = 5)

From the 910 genes targeted by Score6-
microRNAs, we found that 372 genes have
roles in Cell death regulation, Response to
stimulus, Apoptotic process, and
Phosphorylation

Cell Morphology, Cell-
To-Cell Signaling and
Interaction

Cellular Development, 
Cellular Growth and 
Proliferation

Morphology at 
High Magnification

Genes passed filter
criteria = 107

S6 = 86 miRNAs

S0 = 21 miRNAs

Published: 4 January 2025

mailto:guycassuto@labodrouot.com


Morphology and Gene expression



Methylated CpG Sites

>25%

DNA methylation

Gene ontology, pathway enrichment 

and networks
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Candidate Biomarkers

(10 genes)
mRNA 

expression 

(n=5)

RT-qPCR analysis

Independent 

Cohort  n=10

mRNA 

expression 

(n=5)

Score 6Score 0
n=6

Score 6

Score 0

Sample set A

Score 0 Score 6
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Cassuto el al. 2021

                    Biomed Res Int

Study Design

Sperm selection

by AI



Top-ranked functional protein interaction network

Aurora kinase A 

Histone deacetylase 4

Dynein Axonemal Heavy Chain 2

Calcium Regulated Heat 
Stable Protein 1 

CFAP46 Cilia And Flagella Associated Protein 46 



Artificial Intelligence and Subjectivity 

WHAT INFLUENCES SUBJECTIVITY ???



All data we generate remains stored and used for a decision 
no operator-dependent



What’s AI Technology ?



ARTIFICIAL NEURAL NETWORKS

IMAGE RECOGNITION



AI needs huge data! It's a hungry giant!!!

Data: 800 hours of videos: 
More than 3 months in continued vision 

Sorted:15 000 frames were randomly 
captured 

Arranged: by embryologist experts 
labeling and classified

Presented visually on the screen
Machine learning / Deep learning
Teach the machine to do the job   



AI Modules

• Cell Detection
• Cell Morphology Classification
• Cell 3D Tracking & Motion Estimation

Standalone application:

1. During runtime, the AI 
modules apply 
mathematical 
operations to the input 
matrices.

2. The output is a 
probability vector.

3. The mathematical 
operations are 
learnt during system 
development 

4. Annotated datasets are 
utilized for learning.



Algorithms Block Diagram

Cell Detection

Cell Morphology 
Classification

Cell Focus EstimationCell 2D Tracking

Select A Cell
to Follow

3D Cell Motion 
Compensation

Stage & Objective Lens Control

Morphology & Motion from 
Multiple Frames

Video Frame

Collect The Cell? Cell Collection

yesno

= AI Module



1 - AI Module 

• Cell Detection: AI
• Input: a video frame 30 frames /Seconds
• Output: a list of cell-bounding boxes
• θ = neural network parameters 1

Deep Neural 
Network, θ

Probability3HeightWidthyx3

0.90.200.100.800.20

0.880.100.150.950.45

0.810.250.080.750.50

0.730.120.100.050.92

0.600.070.210.560.42

⋮⋮⋮⋮⋮

0.410.220.260.190.89

Input: video frame (a matrix) Output: tabulated data (a matrix)

1 θ = parameters that describe the mathematical operation applied to the input image;
these parameters are optimized as to minimize the detection error with respect to manually-annotated images.

2 values are relative to the image width and height.
3 a threshold probability value allows one to exclude non-cell bounding boxes.

Bounding box overlay

SPZ à 1600 px/µm : 38.4 MP
SPZ à 6100 px/µm : 558.15 MP



2 - AI Module 

• Cell Morphology Classification
• Input: a cell bounding-box image1

• Output: probability vector (normal, abnormal)
• θ = neural network parameters

Deep Neural 
Network, θ

Input: cell image (a matrix)
Output:argmax over the probability vector

(normal, abnormal)

1 All cell bounding-box images undergo morphology classification.

𝑝, 1 − 𝑝



3 - AI Module 

• Cell 3D Tracking & Motion Estimation
• Lateral Direction (not AI):

• Input: a sequence of detection results
• Output: a sequence of cell trajectories
• Autoregressive motion model

•Axial direction, Focus: AI
• Input: image of a cell
• Output: a probability vector
• θ = neural network parameters

Deep Neural 
Network, θ

Input:
detection results of
consecutive frames

Output: cell tracks

𝑝, 𝑞, 𝑟
𝑝 = probability of being below focus plane
𝑞 = probability of being in focus
𝑟 = 1 − 𝑝 − 𝑞 = probability of being above focus

ProbabilityHeightWidthyx

0.90.200.100.800.20

0.880.100.150.950.45

0.810.250.080.750.50

0.730.120.100.050.92

ProbabilityHeightWidthyx

0.920.100.130.900.43

0.830.220.180.770.25

0.810.250.120.690.51

0.730.150.110.080.90

frame n Frame n+1

Track 1 (x,y) = (0.2,0.80) ⇢ (0.25, 0.77) ⇢
Track 2 (x,y) = (0.45, 0.95) ⇢ (0.43, 0.90) ⇢
Track 3 (x,y) = (0.50, 0.75) ⇢ (0.51, 0.69) ⇢
Track4 (x,y) = (0.92, 0.05) ⇢ (0.90, 0.08) ⇢

• Selected Cell:
• Stage x-y position:

• can compensate for cell lateral movement
• can keep the cell at the center of the field of view.

• Objective lens z-position:
can correct for defocus situations that originate from the axial 
motion of the cell.

Input:cell image
(e.g., below focus)

Output:argmax over the probability vector

• Motion estimation from track information over 
multiple frames.

• Morphology classification from majority vote of 
multiple frames.



AI Modules

• AI learning is based on
• Datasets with ground truth annotations
• neural network architectures
• numerical optimization of loss functions
• performance analysis & generalization 

safeguards to unseen data.

above
focus

at
focus

below
focus

normal normal abnormal

normal abnormal abnormal

abnormalnormal abnormal

Cell Focus Dataset Exemplar Cell Classification Dataset Exemplar



How It Works – AI Classification

AI classifies sperm cells’ morphology

at high magnification

• Proprietary algorithm processes the video stream 

of “live” sperm in real time

• Autonomously classifies sperm cells based on their 

morphology & motility at high-magnification 

(×6,100)  30 frames /Seconds

• Proprietary BAIBYS’ algorithm controls the 

motorized X-Y stage in real time to maintain the 

selected sperm cell in the middle of the field of view 

to allow reviewing the cell from all sides



HOW IT’S WORK

Control Panel of the system and Codes for all the system generated by AI







Conclusions

Autonomous sperm selection system;

based on DNA quality and epigenetic profiles.

Morphology is correlated with the DNA quality; 

Sperm selection before ICSI is a crucial step;

because we are at the beginning of the process.

Using AI combined with Micro Robotic.



MERCI 
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