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The evolution of Al

Computing system that performs “cognitive” tasks
e.g. If heart rate < 50bpm then call the nurse

1950s - Artificial Intelligence
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The evolution of Al

1950s - Artificial Intelligence

1980s - Machine Learning

2010s - Deep Learning

Computing system that performs “cognitive” tasks
e.g. If heart rate < 50bpm then call the nurse

Statistical models that extract patterns from simple data.
e.g. Here are the test results of some patients with sepsis.
Does this new patient have sepsis?

Powerful neural networks that learn from large amounts of
complex data.

Here are 500,000 Chest X-Rays from patients with pneumonia.
What is the the chance that the patient with this new Chest
X-Ray has pneumonia?
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1950s - Artificial Intelligence

1980s - Machine Learning

2010s - Deep Learning
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Artificial
Intelligence

Machine
Learning

Deep
Learning

Generative
Al

Inteligéncia Artificial:  Envolve emular o
comportamentohumano, utilizando maquinaspara
aprender e executartarefas sem a necessidadele
instrugbesexplicitassobreo resultadopretendida.

Viachine Learning é um subconjuntoda 1A
se refere a sistemasque podem aprender por si
proprios Os modelos de ML coletam dados e

ajustamnosaum algoritmo,parafazerprevisdes

DeeplLearning:Baseado enmedes neurais
artificiais .ecconsiste .em multiplas entradas,/saidas
camadas ocultasCada camada contém unidades
gue transformam os dados de entrada em

informacdes que a proxima camada pode usar para

uma determinada tarefa preditiva.

b ©

IA generativa:é um subconjunto de modelos de
aprendizagem profunda que pogeoduzir noves
contelidosc.com basecno queiédescritochérada. A
colecao de modelos generativos de IA que poden

—J

produzir linguagem, codigo e imagens.




Artificial intelligence

Machine learning




Aplicacao da IA na reproducao assistida
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O queestasendoautomatizadd?

A At home patient preparation and monitorin§amaEmbie
A Automated Ultrasound readingycle ClarityolliScarfMim.Al), Imma
A Noninvasive oocyte retrievaButterfly Bio
A Automated dish preparation . .
P '_o Most Innovation Is

A Automated denudation©Overture now occurring in start
A Automated sperm pick uBaibys Quart ups, not IVF centers
A Egg and embryo vitrification and warmir@verture (priVa'Fe equity Is
A ICSIOverture, Cornell University, Conceivalitertilis squeez_lng r.e.searCh)

| | nor Universities (no
A Embryo selection by Atbo many companies government funding)
A Nonnvasive assessment of endometrial functidfatris
A Artificial uterus:Vitara
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Table 2. Summary of various artificial intelligence (Al) technologies in andrology”

Article type: Research/ Supporting

Al technologies in andrology Purpose Company name Method/ Review e
| a) Currently used in dlinical care
Smartphone sperm analysis @m motility \ /‘r’u test Research \
Chromatographic immunoassay technology Sperm analysis SpermCheck Research
Chromatographic immunoassay technology Sperm analysis Fertell Research
Centrifugal motion to determine sperm cell count Sperm analysis Trak Male Fertility Testing System Research
Smartphone sperm analysis Concentration and motility Men's Loupe Research
Colorimetric dye technology Motility Swim Count Sperm Qua ity Review
Colorimetric dye technology Motility Fertility SCORE Review
Smartphone sperm analysis Concentration and motility SEEM (Recruit Lifestyle Co., Ltd) Research
Smartphone sperm analysis Sperm count ExSeed Home Sperm test N/A N/A
Artificial intelligence optical microscopic (AIOM) Sperm concentration, motility and seminal pH LensHooke™ X1 PRO (X1 PRO) Research
technology

Computer assisted sperm analysis wm analysis / wianpﬁc SCA Research /

I b) Undergoing dinical trials

Evaluating Piezo-ICS1. - The EPI Study Microinjection (ICSI) is performed using the Plezo- NCT04669652
IC51 technique.

Convolutional Neural Network in Ovarian Follicle Mask Region-based Convolutional Neural Network NCT04545918
|dentification in Ultrasound Follicle |dentification

Evaluating iDA Selection Ability. The VISA Study iDAScore® NCT04969822

Use of Artificial Intelligence for Clinical Assessment Al to analyze 3-D ultrasound NCT04255615
of Assisted Reproductive Techniques and IVF Out-
comes (Al in ART)

FE
World J MensHealth2024Jan42(1): 39-61https//doi.org/10.5534wjmh230050



Table 2. Continued 1

Al technologies in andrology

Purpose

Company name

Article type: Research/ Supporting

Method/ Review

papers

¢) Currently in the research and development phase
Artifidial neural network
Imag e recognition algorithm

m morphology

In the medical field, three main categories of Al
methods are used: (1) machine learning, (2) natu-
ral language processing, and (3) robotic surgery.

Integrated Al component with image analysis

Various algorithms of machine learning:

- Dedsion tree

- Random forest

- Supports vector machines (SYM)

- Naiwve Bayes classifier

- Neural network and deep learning:
- Neural networks and deep learning
- Unsupervised learning

Neural networks

Decision Tree (DT}, Multilayer perceptron (MLP), Ma-
vie Bayes (Kernel), support vector machine {5VM)
plus Particle swarm optimization (P50, and 5VM

VGG186, a deep convolutional neural network

The following three models of supervised machine
learning models were evaluated: logistic regres-
sion, random forest, and support vector machine

Report sixteen approaches to Al and ML

Autornated, artifidial intelligence optical microscop-
ic (AlOM)-based technology, LensHooke™ X1 PRO
(X1PRO)

Sperm motility

Chromosomal abnormalities in azoospermic males,
semen analyses, sperm identification

Select and predict which spermatozoon has the
best quality to implement the treatment success
rate

To predict the effects of environmental pollution
and lifestyle habits on human sperm concentra-
tion and motility

Influence of lifestyles and environmental pollution
on sperm parameters and fertility rate

Sperm morphology
Predict the benefit that patients with varicocele will
have from varicocele repair.

All of the following parameters were taken into ac-
count: sperm morphology, sperm identification,
identification of follicles empty or containing
oocytes, prediction of embryo cell stages, predic-
tion of blastogyst formation, assessment of human
blastocyst quality, prediction of live birth from
blastocysts, improvement of embryo selection,
and development of optimal controlled owarian
hyperstimulation protocols.

W concentration, motility, and seminal pu

World J MensHealth2024Jan42(1): 39-61https//doi.org/10.5534wjmh230050

Current applications of Alin reproductive

medicine are limited and largely
semi-automatic

Further studies are needed on diagnostic

aspectsand for personalized treatment,
a competent remote medical system,
and automated reproduction assisted by
Al

Research (abstract)
Research
Review

Review

Research

Research

Research
Research

Conference review

Research

Research




Inteligéncia
Artificial no
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A ComputerAssisted Semen AnalysisCASA
A IVOS I
A IMSI

IMSI-Strict
One-Touch
Morphology
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Machine learning strategies:
classification (par@), clustering (part b) and artificial neural network
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Single sperm analysis and data collection Training of machine learning algorithm Machine learning algorithm-
based sperm selection

Ve ™
werons SEED | > FD

. /

g N

.

e I

DNA integrity

o
(,’

Other labels...

.

Fig. 1| Creating a machine learning algorithm for sperm selection. Morphology, motility, DNA integrity and other sperm
quality metrics can be used to train a machine algorithm for sperm selection with single-sperm resolution. The potential for
the use of machine learning in sperm selection is motivation for accelerating the study of single-sperm quality.

FERTGROUP | @ FERTILITY
Nature Reviewsjoi.org/10.1038/s4158%21-004651



Machine learning for sperm motility
selection
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Feature 1

Machine learning for spernmorphology

selection
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Machine learning for sperm DNA fragmentation
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Home sperm testing device versus laboratory sperm
quality analyzer: comparison of motile sperm
concentration
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g S@ience __ .

~Translational |
Medicine #

el

Home-based
Inexpensive
Simple
Portable
Private

o AVAAAS

Semen sample

INFERTILITY 2017 © The Authors,
some rights reserved;

An automated smartphone-based diagnostic assay for e

American Association

Laboratory-based

point-of-care semen analysis for he Adbancemen . Expensive
of scence. ii) Labor-intensive
Manoj Kumar Kanakasabapathy,' Magesh Sadasivam,'* Anupriya Singh,'* Collin Preston,’ Not portable

Prudhvi Thirumalaraju,1 Maanasa Venkataraman,' Charles L. Barmann,l Mohamed Shehata Draz,’
John C. Petrozza,” Hadi Shafiee'*!

Smartphone

Disposable microchip

Optical attachment
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Evaluation of an artificial intelligence- b A
facilitated sperm detection tool in
azoospermic samples for use in ICSI
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University and Monash University. He is a clinical embryologist at IVFAustralia and as a scientific
advisor for NeoGenix Biosciences. His research focuses on human embryology, male infertility, and
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Study Workflow

@ Sample acquisition

O Imaging and @AI model training @ SBS testing
processing
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Al model vs. embryologist
performance metrics

Al model vs. embryologist

Cohort 1

Sample acquisition 2
: ) Still image searching
Excess testicular tissue (4 patients, 512 still

samples (N=8) images)

_— @ Recall
@ Precision
L\. Total sperm found
(O Total time taken

Media
droplets

Embryologist with- vs without
Al performance metrics

Cohort 2 L Sperm found per droplet

»> —_— .
Side-by-side testing ( (© Time per droplet
(4 patients, simulated =7 Total Eneifsing
clinical deployment) Embryologist with- vs Zr P
embryologist without Al @ Total time taken

FERTGROUP | @ FERTILITY
https://doi.org/10.1016/j. romo0.2024.103910




Results
Searching time

* Embryologists mean of 33.91s

per image

» Al average of 0.019s per image

Al = 10 sec in total

Embryologist = 9400 sec or 5 hours

https://doi.org/10.1016/j. romo.2024.103910



Results
Searching time

* Embryologists mean of 33.91s

per image

» Al average of 0.019s per image

200-
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Time (8)

50+

Al = 10 sec in total

Embryologist = 9400 sec or 5 hours

P<0.0001

% % %k Xk

33.91s

E 0.02s

T | '—
Embryologist Al
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Results P<0.0001

* % %k %k

Precision

— 100- 94 .85% 91 61%

. 80

* Embryologists’ precision = 94.85% Q "

= 60

Qo 1

* Al precision = 91.61% 2 :

o) 40-

- ]

20+

0-

Embryologist Al

Results
A %k %k %k %
CCurac 100- 0
Yy _ . 92.4%
» Embryologists' accuracy = 86.3% 80
S
Missed = 320/3826 < 60-
3175 sperm found @ i
False +ves = 55 3 401
2 [
» Al accuracy = 92.4% 204
Missed = 184/3826 O_‘

3234 sperm found Embryologist Al
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6) eshre European Society of Human

SCIENCE MOVING
PEOPLE

Reproduction and Embryology

IDENTIFYING SEMINIFEROUS TUBULES FOR
SPERM RETRIEVAL DURING MICRODISSECTION
TESTICULAR SPERM ECTRACTION (M-TESE)
USING DEEP LEARNING

%ﬁggvenska Angel Elenkov

Lakaresdllskapet
LUNDS

UNIVERSITET

Model trained on S patients: Accuracy:

Model trained on 7 patients: Accuracy:
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ASpermretriavel

Authors Quality Grade Algorithms Used Data Source Outcome Accuracy
Age, BMI, tobacco consumption, FSH
and LH assessment, T, inhibin B, The presence /absence of spermatozoa .
lactin. k d hf ft. inati f th ical The models achieved an accuracy
Bachelot et al., ML, SVM, RE, GBT, XGB, , Proactin, karyotype and search for a'ter exam nation o The surgica greater than the 60%, with the best
. 80% Y-chromosome microdeletion, urogenital specimens. A positive outcome was o
2023 [37] LR, DL, KNN . . 1 . : . i performance of RF (84.6%), GBT
history (cryptorchidism, infection, defined as obtaining enough o o
. . (76.9%), and XGB (80.8%).
trauma, gonadotoxic therapy, urogenital spermatozoa for the ICSI procedure.
surgery, and varicoceles).
The cutoff value for successful sperm 3 -
Zeadna et al., Baseline hormonal profile (before TESE) retrieval was the presence of at least one AUC = 0.807 for predlc.tmg the
80% GBT, MvLRM . ; . presence of spermatozoa in patients
2020 [38] of serum FSH, LH, and T viable of mature sperm in the testicular .
. K with NOA. j
tissue.
Development of an ANN and
Ramasamy et al., 100%% ANN. LR Clinical and laboratory data of sperm nomogram to predict sperm retrieval Nomogram accuracy: 59.6% ANN
2013 [39] ° ! extraction with microdissection testicular sperm accuracy: 59.4%
extraction.
Three ANNSs with feed Leptin resulted in a good assistant ANNT1 performance resulted in the
Maetal,, o forward-back . marker for NOA diagnosis. ANNs best in the prediction of sperm
2011 [40] 0% propagation architecture Leptin and FSH level improved the prediction accuracy of recovery in NOA patients

were used

sperm retrieval.

(AUC = 0.83).

FERTGROUP | @ FERTILITY

Avrtificial Neural Networks: A Review of the Literature. Healthcare 2024, 12, 781.

https://doi.org/10.3390/ healthcare12070781



A Azoospermiando-obstrutiva

Authors Quality Grade Algorithms Used Data Source Outcome Accuracy \
Zhou et al., LASSO, Boruta, SVM-RFE, Random Transcriptome sequencing data qf ’Festlcular An RF model based on the transcription RF model achieved an AUC of 1000 and
i 74% cells. Immunohistochemical staining data factors ETV2, TBX2, and ZNF689 was
2023 [62] Forest ¢ . . . an F-measure of 1000.
or protein expression levels successfully developed to diagnose NOA.
An ANN diagnosis model based on Training cohort (GSE9210) scored 74.1%

RNA-binding protein-related genes. RNA-binding proteins DDX20 and NCBP2 of accuracy, GSE45885 the 90.3%,

Peng etal, o . .. ) .
2023 [63] 90% ANN, LASSO, SVM-RFE, LR, RF Testicular samples, clinical samples. was dev elopt.acl.l The ANN modgl exhlbl.ted GSE45887 the 85.0%, while local cohort
scENA-seq data reliable predictive performance in multiple Iv th o
cohorts only the 59.1%
Samli & Dogan, 100% ANN. Logistic Reeression Patient age, duration of infertility, serum  The NN correctly predicted the outcome in 5% The accuracy of the ANN model is 80%.
2004 [p4] v r HOBE Bress hormone levels, and testicular volumes of the 73 test set patients (80.8%) The accuracy of the LR model is 66%. )

FERTGROUP | O FERTI LITY Artificial Neural Networks: A Review of the Literature. Healthcare 2024, 12, 781.

https://doi.org/10.3390/ healthcare12070781
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AnaliseSeminal

A Avaliacdo manual de uma amostra de sémen
usando um microscopio &€ demorada e requer
treinamento extensivo;

A Além disso, a validade do manual a anélise do
sémen tem sido questionada devido a reetgheeate
reprodutibilidade limitada e, muitas vezes, alta
variacao interpessoal.
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Selecacespermaticapara ICS|

A Manual

A Imprecisa

A Subijetiva

A Dificil de ensinar / aprender
A Falta de padronizacio




The future of assisted reproduction with the help of Al

The Neural Miracle:
Deep Neural Network

With DNNs, we achieve accuracy &
real-time analysis during I1CSI

s

)y

Outcomes and correlation between

traditional Intracytoplasmic
Sperm Injection (ICSI) method
and a new Al-enhanted system

D. Mantas'?, F. Unnisa?, P. Shrivastay®
!ReproScientifics, *‘Conceive The Gyneacology& Fertility Hospital

Dubai - United Arab Emirates
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Study Design

Data Embryologists Sperm Tracer

No Cases ICSI 26 26

Visualization of Kinetic Parameters

Mean Age (vears)

Curvilinear

No Oocytes (M II) path

Parameters Analyzed

DNC - ALH DNC: Degree of irregular movement

ALH: measures the lateral movement

VSL

LIN= Indicates the straightness of the trajectory
(VSL/VCL) Straight-line path
Fertilization (2PNs STR= Degree of deviation from a straight path
( ) (VSL/VAP)
Cleavage VCL Measures the velocity of spermatozoa along

their curvilinear path as they move

Good D3 embryos VAP Average velocity of sperms along their path,
considering both straight & curved segments

Blastocyst Formation
y VSL Calculates: velocity of sperms along a

straight line, regardless deviations from path

Good Blastocysts (D5)
WOB= Quantifies the lateral displacement of the

(VAP/VCL)  sperm head. Lower values less lateral

movement or wobble




Significantdiferencesbetween spermparametersfrom
FERPosx FERheg

Difference in Fertilization Between Sperm Tracer and Embryologists

Results and Outcomes

B Sperm Tracer

0.75 1 =1 Embryologists
0,

Outcome Odds Ratio 290 Confdence p-value

Interval 0.50
Fertilization 1.46 [1.23, 1.89] 0.0224 025 |
Cleavage/2PNs 0.94 [0.61, 1.44] 0.7816 g
Cleavage/MII 0.79 [0.53, 1.18] 0.2519 E i
Good Cleavage/2PNs I [0.60, 1.66] 0.9993 L3 -
Good Cleavage D3 [0.74, 2.48) 0.3258
embryos -0.50 1

Blastocyst Formation : [0.73, 3.94] 0.2162

Good Blastocysts DS [0.27,2.57] 0.756 =075 1

=1.00

Sperm Tracer Embryologists
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EDITORIAL

The success of ICSIA and the
tough road to automation

BMO has just published a paper
by Nuno Costa-Borges and
colleagues in which the authors
announce the birth of the first
babies following clinical application of
automated intracytoplasmic sperm
injection (ICSIA). Thisis an important
achievement and a milestone. Itis also
welcome news to those who see the letter 'T'
in'ART' (assisted reproductive technology)
asfundamental to nroeressin the field.

donated human oocytes with informed
consent. The investigators followed a
responsible path in introducing this
technology (Brison et al., 2013) with
exhaustive animal model experimentation
and pre-clinical assessment culminating in
the pilot study. They remain cautious and
state their plans to refine and further
develop the robot and follow the pilot
study with a registered clinical trial. It is also
noteworthv that the nilot studv desien
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CrossMark

volume of laboratory work and the
ubiquitous use of ICSI for all indications of
infertility, again unlike in the early days
when it was reserved for male factor
infertility. Another technical variation is
that the first polar body is routinely placed
at the 12 or 6 o'clock position during
injection rather than positioned relative to
the putative area of germinal vesicle
breakdown/spindle location and ooplasmic
oreanelle concentration (Palermo et al..

4 Automated Routines

Open ZP

Finish ICSI




TABLET CONVENTIONAL, PIEZO-ICSI AND ICSIA DECONSTRUCTED

Action Conventional Piezo-assisted = Achieved with Remains human Micromanipulation
ICSI ICSI ICSIA robot? operator skill
dependent required?
with ICSIA?

Oocyte denudation and preparation for + + No Yes No
injection
Semen preparation with isolation of + + No Yes No
motile spermatozoa from seminal fluid
ICSI dish preparation + + No Yes No
Placement and alignment of microtools on + + No Yes Yes
microtool holders
Placement of prepared sperm in PVP in + + No Yes No
the ICSI dish

[ Lowering of the ICSI needle + + Yes ] Yes, but obviated with

ICSIA

[ Bringing microtools and cells into focus + + Yes ] l No I Yes
throughout the procedure
Selection and immobilization of a single + + No Yes Yes
spermatozoon
Aspiration of the sperm in the injection + + No Yes Yes
needle while controlling its position in the
needle until injection
Centering the egg in the visual field + + No Yes Yes

+ l No I Yes, but obviated with

FER" Lowering the holding pipette in the vicin-
ity of the egg

+ Yes ]

ICSIA
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Increasing suction on the holding pipette aF + No Yes Yes
to hold and position the egg
Bringing the sperm to the tip of the needle + + No Yes Yes
(P) Holding the sperm a safe distance from N/A + No Yes Yes
the tip of the needle -
Advancing the needle toward the zona + + Yes No Yes, but obviated with
pellucida of the egg ICSIA
(P) Once at the zona pellucida, releasing a N/A + Yes l No | Yes, but obviated with
pulse to 'drill' the zona ICSIA
Pressing against and penetrating the zona i N/A N/A N/A Yes, but obviated with
lluci ICSIA
N

(P) Withdrawing the needle to release N/A + Yes l No I Yes, but obviated with
residual zona material & bring the sperm ICSIA
to the tip
Breaking the oolemma either with aspira- = N/A N/A N/A Yes
tion or by pressure or 'stirring’
(P) Reinserting the needle through the N/A + Yes No Yes, but obviated with
drilled zona, advancing to the colemma ICSIA
and pressing until halfway in the cocyte
(P) Delivering a pulse to break the N/A + Yes “ No Yes, but obviated with
oolemma ICSIA
Ejecting the sperm into the egg, while con- aF + No Yes
trolling the amount of PVP/buffer being
ini |
Withdrawing the needle from the + + Yes (but interven- No (but interven Yes
cytoplasm tion would be tion would be

needed if sperm needed if sperm

moves back with moves back with

the needle) the needle)
Releasing the egg and lifting the micro- * + No Yes
tools to remove the ICSI dish

Removing the dish from the platform and + + No Yes No

moving the injected egg/s out of the ICSI
dish into a culture dish and into the
incubator
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