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Infertility is a global health issue affecting women and men of reproductive age with increasing incidence
worldwide, in part due to greater awareness and better diagnosis. Assisted reproduction technologies (ART) are
considered the ultimate step in the treatment of infertility. Artificial intelligence (Al) has been progressively used in
the many fields of medicine, integrating knowledge and computer science through machine learning algorithms. Al
has the potential to improve infertility diagnosis and ART outcomes estimated as pregnancy and/or live birth rate,

especially with recurrent ART failure.

artificial intelligence (Al) infertility assisted reproductive technology

| 1. Introduction

Infertility is a global health issue of women and men of reproductive age with increasing incidence worldwide, in
part due to improved awareness and better diagnosis. It is defined as the failure to achieve pregnancy after 12
months of regular unprotected sexual intercourse [1l. Besides female and male infertility causes, an unknown cause
is present in circa 85% infertile couples, 15% of whom have unexplained infertility 2. Female infertility causes
include: ovarian dysfunction and anovulation, tubal infertility, endometriosis, and diminished ovarian reserve. A
male factor is likely to be a primary or contributing cause in approximately 50% of couples and can be related to
congenital, acquired, or idiopathic factors that impair spermatogenesis . The best approach to initiate a
diagnostic—therapeutic pathway is the simultaneous evaluation and treatment of both female and male infertility
factors M. Infertility treatment includes ovulation induction and/or stimulation in order to produce multiple mature
ovarian follicles. Both clomiphene citrate, a selective estrogen receptor modifier, and letrozole, an aromatase
blocker, cause an increase of hypothalamic gonadotropin-releasing hormone (GnRH) pulse frequency and pituitary
gonadotropin secretion-inducing ovarian folliculogenesis 2. The main problem is a multiple pregnancy rate of less

than 10%, most of which are twin gestations, and the risk of ovarian hyperstimulation syndrome 28],

In women with hypogonadotropic hypogonadism, pulsatile GnRH administration induces follicular maturation and
ovulation due to the stimulation of endogenous gonadotropins. Folliculometry and planned intercourse or
intrauterine insemination (IUl) may be used to achieve fertilization at the time of ovulation 2. |UI is a first-line
treatment for mild male fertility, and it could be combined with ovarian stimulation in the treatment of couples. If not
successful, in vitro fertilization (IVF) is the next step. Undergoing an IVF program consists of a GnRH agonist or
antagonist protocol, individually chosen, followed by gonadotropin stimulation. The initial doses of gonadotropin are

adjusted according to patient age, estimated ovarian reserve, and response to prior stimulation, and are set during
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the first three to four days. Transvaginal ultrasonography and measuring of blood estradiol [E2] are used to

estimate the ovarian response in order to modify the gonadotropin dose, and final oocyte maturation is induced [,

In further courses, oocyte retrieval is carried out, and those chosen based on quality undergo IVF or, in the case of
male factor infertility, intracytoplasmic sperm injection (ICSI) [8l. ICSI is also recognised as a method of choice for
women with thyroid autoimmunity (TAI) undergoing assisted reproduction technologies (ART) &2 Embryos are
cultured under optimal conditions 111, and then those of the highest quality are transferred on the second, third, or
fifth day after oocyte aspiration into the uterus under ultrasound guidance (US is not mandatory) [&. Over the next
5-10 years, further increases in birth rates in women with infertility are expected due to greater awareness of
lifestyle factors, as well as a possible refinement of current ART and the development of new forms of treatment
relying on germ cell manipulation, artificial gametes, genetic screening of embryos, and gene editing of embryos

(22 Donor oocytes or sperm may be options in specific situations.

| 2. Artificial Intelligence in Reproductive Medicine

Artificial intelligence (Al) as an official term first appeared at the Dartmouth conference in 1956. Ever since, it has
been used as a reference to the continual study of artificial intelligence. Such a wide-ranging research endeavour
hinges on the use of devices such as computers to reproduce human mental processes, such as cognition,
learning, decision making, judging, and language usage [22l. Nowadays, Al is already in use in a lot of different
industries, and there is a lot of ongoing research. There are a lot of fascinating applications of Al, such as in the
transport and automotive industry (e.g., development of autonomous vehicles 24, transport mapping 22, solving
financial problems 18 face and speech recognition L4[28)) and others which raise concerns and are potentially
destructive, such as the development of Lethal Autonomous Weapon Systems (LAWS) 22 e g., missile systems
with selective targeting capabilities and learning machines with the cognitive ability to select their enemies with no
need for intervention by humans 9. The developmental foundations for this research area are grounded in a
subdiscipline of philosophy called philosophy of mind. Assumptions about the mind such as connectivism,

computation theory of mind, and behaviourism are essential for understanding Al 211,

In order to optimally run software needed for Al, adequate hardware is essential. For example, to run some deep
learning algorithms, graphics processing units (GPUs) produced by “Nvidia” are used. In modern times, the amount
of electronic data created every day is astonishing. Technological advancements have been made for storing this
data. This was a necessity to accommodate the 2.5 quintillion bytes saved each day 22238 Such an amount of
data needs some kind of analytics that are automated; hence, Al is a very powerful tool to fulfil that task. The core
element that constitutes Al is algorithms. In general, algorithms are specific steps to solve some problem. For a
computer to be able to “read “and process vast amounts of data, a specific type of technology is needed, so-called
natural language processing (NLP). NLP uses algorithms that allow computers to “understand“ and process human
language, so this part of Al research is tightly connected with linguistics. This technology is used to construct
information that is valuable and meaningful from some unstructured data, such as electronic medical records. In

that way, a computer is able to further analyse data given to it 2. The cornerstone of Al is constituted by empirical
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machine learning algorithms. There are different types of machine learning, and they are classified by how they

analyse data and their level of dependence.

In short, machine learning (ML) is classified in three main groups: ML capable of recognizing patterns
(unsupervised ML), ML that has algorithms that perform classification and prediction based on previous examples
(supervised ML), and ML that uses a system with reward and punishment methods to form a solution strategy to
solve some problem (reinforcement learning) 231, The first big success of Al in medicine started with predictions of
protein complexes in molecular medicine that led to some new drug targets discoveries. The big data that
electronic medical records (EMRs) and hospital data have within are perfect for Al to analyse and give some useful
information. The current status of EMRs is that they are cumbersome and lack inter-record communication. It is of
great value to analyse this vast amount of data. An example includes Al that has the ability to detect subjects that
are at risk for chronic disease; furthermore, Al could facilitate faster, more efficient health system calculations of
cost—benefit ratios and help in decision making. Al is vastly used nowadays to analyse and learn to recognise
patterns in image processing, so there is great interest in fields such as radiology, pathology, ophthalmology, and
dermatology—so-called “vision- orientated specialties”. It is of great value that Al can reduce common errors in

everyday clinical practice and make predictions in real-time 281271,

In reproductive medicine (RM), Al application started in the late twentieth century. Nowadays, there are a lot of
different subtypes of Al technology that have applications in reproductive medicine. Supervised learning methods
(decision tree, support vector machines and naive Bayes classifier) are mostly used in non-surgical areas of RM.
These algorithms need human assistance and use instances supplied externally to predict the fate of instances
given in the future; they are designed to categorise data from given information (28129, So, the usage of this type of
Al found its application in determining the morphokinetic parameters of the embryos that are most optimal B9,
determining cost effectiveness in human oocyte cryopreservation B, predicting IVF and ICSI outcomes, and
classification of sperm cells 22, Unsupervised learning models are not yet fully used in RM. Such algorithms are
effective at so-called class discovery, since they use unlabeled data to “discover” the underlying structure and
relationship within and to cluster it 23, Types of unsupervised ML used are principal component analysis and K
means that are mostly used in image processing. They can predict pregnancy based on the quality of oocytes, with
a success rate of around 60% [24. Other subtypes of Al commonly used in medicine include artificial neural
networks (ANN). ANNs borrow structures from neuronal connections and consist of layers such as the input layer
(where data start to be analysed), inner or hidden layer (where data are analysed), and output layer (where final
data are presented), with weight connections and bias nodes between these layers. Deep networks are complex
forms of ANN, and these Al technologies are widely used today in speech recognition, visual object recognition,
and object detection, as well as in medical fields, such as drug discovery and genomics 22, In RM, ANN are used
in embryo segmentation 28, to describe blastocyst expansion and rank-order blastocysts for transfer B2, and to

predict an overall outcome of IVF.

Meanwhile, for robotic aspects of RM, reinforcement Al machine learning is more commonly used 28138 Robotic
surgery serves as a bridge between conventional open surgery and the minimally invasive laparoscopic surgery,

and there are currently several different applications in this field. Examples are robotics-assisted myomectomy,

https://encyclopedia.pub/entry/38580 3/7



Artificial Intelligence in Reproductive Medicine | Encyclopedia.pub

tubal reanastomosis, endometriosis, ovarian tissue cryopreservation, and ovarian transposition. In addition, their
applications include male infertility operations such as vasectomy reversal, subinguinal varicocelectomy, targeted
spermatic cord denervation, and robotics-assisted microsurgical testicular sperm extraction (microTESE). These
procedures, although costly and time consuming, have good results in terms of shorter hospital stay, decreased
blood loss, less post-operative pain, and faster convalescence compared to open or laparoscopic surgeries,
whereas reproductive outcomes were described as similar to nonrobotic surgical approaches [28I32]140]

Overall, Al has the ability to do work that would require thinking with strict or not-so-strict guidelines given by
humans, with Al being able to analyse pixels from pictures and videos and recognise the context of the given

image, as well as analysing text information and predicting outcome based on the given inputs.

Most of the research done in Al applied to RM is still lacking randomised controlled trials to prove its value, and it is
mostly used for some automatic jobs. Furthermore, the legal aspects and ethics of the usage of this type of
technology need to be clarified more in the future. Because of its immense potential and essential need to use
large quantities of data to train itself, Al is dependent on more efficient and easier ways of data connection, which

is, nowadays, the first step to the inclusion of this type of technology in everyday practice.
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