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In vitro fertilization is a medical procedure that helps females with trouble getting pregnant. It is a medical procedure where an egg
and sperm are joined together outside the body, typically in a lab, and the resulting embryo is then placed into the uterus. It is now one of the
most common methods used to treat infertility."This paper represents the latest techniques to develop over time. With the latest advancements in
the field, some challenges still exist. It explores improvements such as embryo selection and grading, Time-lapse imaging, sperm selection,
personalizing treatment plans, minimizing human error, the success rate, and the artificial womb. However, Artificial intelligence is increasingly
being integrated into IVF to enhance the improvement of efficiency to make the process more personalized. Artificial intelligence plays an
essential role in IVF treatment. In earlier times it was not an easy task but now with artificial intelligence, the treatment is more easy and efficient
for doctors as well as for patients who are struggling to have healthy children. They can also predict the success rate with the help of Artificial
Intelligence.

> Invitro fertilization, Artificial Intelligence, Embryo selection and Grading.

IVF known as in vitro fertilization has a vast scope in the treatment of infertility. In the IVF treatment the egg from the
woman's ovary is taken and then fertilized with man's sperm in the proper laboratory setting to develop an embryo, then the embryo
is further transferred to the woman's uterus for the growth of a healthy child. This procedure/ treatment works as a magic or hope
for the people who are having trouble conceiving pregnancy. (1)

In some cases IVF is also treated as a main treatment for people who are above 40 or for people who are suffering from
some health issues like: There is some damage in their fallopian tube, ovulation disorder, any genetic disorder, sperm issue like low
count of sperm, uterine fibroids, Endometriosis, previous surgery to prevent pregnancy and the unexplained fertility. In some cases
when someone is suffering from cancer treatment such as chemotherapy or radiation they cannot have fertility. Still, with the help
of IVF treatment, they can collect the eggs from the ovaries & freeze them for later use .(2)Although IVF is a great technology for
people as it helps many people to have a child, also it cannot be denied that it is expensive for the normal people who cannot afford
it. Moreover, the success rate also depends on the quality of eggs and the overall sperm health ( 3). The advancement in technology,
which is known as Artificial Intelligence, "Al is a major area of research in computer science. Because of its fast development and
many uses, it’s quickly becoming a part of everyday life. This is mainly because Al can handle problems that are too hard for people
or regular computers to solve easily (4).Al tools can quickly handle and study large amounts of data in a short time.(5) It has helped
very much in IVF treatment. It is not only helpful for the people or parents but also for the doctors to choose the best embryos. They
plan the whole procedure in a way that makes it more accurate, fast, and successful (3)

Infertility has become a worldwide concern, which is affecting more than 80 million people around the world. (6). In vitro
fertilization (IVF) has transformed infertility treatment in the field of assisted reproductive technology, leading to the birth of over
10 million babies since it was first developed (7,8). In the year 1978 the first baby named Louis Brown was born through a natural
IVF cycle which means no fertility drugs were used. Even the scientist who developed this procedure was awarded the Nobel prize
(9,10). IVF treatment help many women who were struggling getting pregnant because in some cases their fallopian tubes were
damaged or blocked which makes the natural fertilization process hard, and it becomes a complication for both parents .In some of
the cases men also suffer from infertility issue cause of low quality sperm in those cases a special type of method ICSI
(intracytoplasmic sperm injection) is used, in which only single sperm is directly fertilized with the egg. This process ICSI is
helpful sperm directly cannot enter on its own or when there is low quality sperm. On that time ICSI can improve the chances of
IVF success.( 11) However during an IVF procedure the embryos are created in the lab and then transferred in the uterus on the 3
or 5 day frozen for future use, or discarded, depending on how healthy and developed they look, as they are judged by an
embryologist.(12).Embryos are chosen for transfer based on a scoring system that looks at their appearance on day 3 or day 5. Some
embryos are selected after genetic testing (PGT-A) to check for chromosomal issues. Traditional methods, which involve visually
checking of the embryos, are still used to improve the chances of a successful pregnancy. However, these methods depend on the
experience of the person doing the evaluation and can vary.( 13, 14)Earlier times In IVF, doctors have used microscopes from the
beginning to look and score embryos. Experts check things like how thick the outer layer of the embryo is, how many cells it has, if
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the cells are even, if there’s any damage inside, if the embryo has the right number of chromosomes, and the mother's health. But
even with all this, these methods don’t always give accurate results, which can make IVF less effective. (15, 16)

IN-VITRO FERTILISATION (IVF)
In IVF, egg and sperm are fertilized outside the women’'s body and then transferred into the uterus
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These above are the Ivf cycle steps which are performed in the treatment of 1\VF:
Ovarian Stimulation:

It is the very first step in the IVF treatment which is known as Ovarian hyper stimulation in which medicine is used to
produce more eggs by the ovary at a time. Before starting this procedure doctors check a few of the things like the patient's age,
the number of small egg cells in their ovaries, and a hormone level called AMH. This helps them to choose the right treatment and
the right amount of medicine for their body. To make the ovaries produce more eggs, doctors usually give hormone injections
called gonadotropins (often FSH). Doctors check hormone levels and watch the growth of the egg sacs (follicles) using ultrasound.
These injections are usually given for about 10 days. (17).

Egg Retrieval:

In this process the eggs are collected using a special method called transvaginal ultrasound aspiration. In this process, a
thin needle is gently guided into the ovaries using an ultrasound. A needle is inserted into each follicle to draw out the fluid that
holds the eggs this fluid is then given to an embryologist, who looks for the eggs. Usually, 10 to 30 eggs are collected. The whole
process takes about 20 to 40 minutes and is done while the patient is either lightly sedated or under general anesthesia, so they don’t
feel pain. Once the eggs are collected, they’re quickly taken to the lab for the next steps in the IVF process. (18).

Fertilization Of Eggs:

In this procedure the egg of the female is fertilized with male sperm, Firstly they are being ¢ h e ¢ k e d if the oocytes
are ready to be fertilized. In some of the cases the oocytes are in the (metaphase 1) in those situations they are kept for a little longer
period of time to get matured enough for the fertilization process. During that time the semen is prepared by removing the non-
active sperm and other fluids through a process called sperm washing. (19) After that the egg and sperm are placed together with
medium/ or special liquid for the fertilization process. A recent review study has proven that letting egg and sperm stay together for
1 to 4 hours gives better results for pregnancy, as compared to leaving them for a longer period of time such as 16 to 24 hours. (19).

Once fertilized, the egg is placed in a special medium to develop into an embryo with 6 to 8 cells over the course of about
two days. In adifferent method called gamete intrafallopian transfer (GIFT), the egg and sperm are placed in the woman’s fallopian
tube so that the fertilization process happens naturally inside the body (in vivo). (20, 21)

Embryo Culture:

After the fertilization is completed the Embryos are formed and then they are grown in the lab for further days. They are
kept for 2 or 4 days until they start dividing after 5 to 6 days until they reach a stage which is known as blastocyst (22). Letting
embryos grow until day 5 or 6 (blastocyst stage) then there are more or better chances of having a baby with that one embryo, but
it also means that there would be less embryos left for further use or for freezing. So early transfer of embryos like (on day 2 or
3) may give more chances to get pregnant overall (23).

However the transfer of embryos either on the day 2 or day 3 after the fertilization process makes no difference in the
chances of having a baby (23).

Embryo Transfer:
During embryo transfer, a slender catheter is carefully guided through the vaginal canal and cervix to deliver the embryo
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into the uterus. The number and selection of embryos transferred depend on several factors, including the embryo's quality, the
woman's age, and her overall health condition.(24). The embryo transfer in the uterus is one of the most important parts of the IVF
treatment, because most of the time pregnancy rate depends upon the overall handling of the procedure, the person or doctor should
have proper handling of embryo transfer (25, 26).

At the very last step in the IVF is a pregnancy test which confirms the pregnancy with a pregnancy test or with ultrasound.

The first baby born through I\VF was over 40 years ago, since then, the I\VF treatment has been improved a lot with the new
advances, such as safer embryo transfer, and more personalized care. Although there are many advances in this field, for many
people IVF isstill along, emotional, and expensive journey (for the people who cannot afford it) . Actually IVF treatment does not
always result in a baby (27). The IVF cycle involves several steps: in this process firstly physicians suppress the woman's natural
menstrual cycle; then, they stimulate the ovaries to produce eggs using hormones. The sperm is then used to fertilize the eggs in a
laboratory setting. The embryos are then monitored and cultured until they are ready to be transferred into the woman's uterus or
frozen for later use ( 28). A few years ago, using artificial intelligence (Al) in human reproduction seemed like something out of
science fiction. (29,). Artificial intelligence is a broad term for computer systems that try to think and act like humans or animals
(30).

Artificial intelligence is being used in every field including reproductive medicine to help the physicians and embryologists
to make better decisions in the IVF treatment.

It works like a smart assistant, offering advice based on data. However, in the future, Artificial intelligence might take over
some of these decisions, reducing the need for human input in these treatments. Many new Artificial Intelligence advanced tools are
currently being introduced. These advancements are used to check how many eggs a woman might have (ovarian reserve) and to
create more personalized hormone treatments for better results. (31) Artificial Intelligence is very helpful. It is being used to count
follicles automatically, predicting the stage of embryo development, and used for choosing the best sperm by checking its quality.
It is also helpful to improve the success of procedures like ICSI (intracytoplasmic sperm injection) (31, 32), Predicting whether a
baby will be born successfully (33). Predicting the chances of having a successful pregnancy and birth using traditional 1\VF methods.
(34).Personalized treatment plans for each patient, and better matching of egg donors with recipients for example, by using facial
resemblance in cases of donor-assisted reproduction and making the embryo selection more better and accurate (35).

The Gamete selection depends upon the health assessments that aim to identify early signs through the visual inspection
or through microscopic imaging and videos. The quality of female gametes is typically assessed based on factors such as the size of
the follicle, the shape of the egg, and the appearance of the cytoplasm. For sperm, factors such as shape, count, and movement
ability of sperm (motility) is an important factor influencing the success of IVF treatment. However, assessments can vary between
operators, leading to inconsistencies (36). When it comes to embryo and gamete selection through Avrtificial Intelligence has become
more helpful as it can improve the outcomes or at least make the process more automated. The aim of Al is to make a system that
can automatically decide which embryo is best for transfer after the fertilization process, because this technique can help to get a
better success rate in the I'\VF treatment who are having more complications in some cases (37-40). One of the major benefits of this
automated system is that it reduces the time needed for evaluation, it is a faster process that can be done automatically (41). The
time lapse imaging in embryo selection is ten times faster than doing it manually (42). The Artificial Intelligence is used to predict
the blastocyst quality with TLM (time lapse imaging which is 97% accurate and perform better than human visual inspection in
the selection of embryos in this way Al is very helpful in the embryo selection for more accuracy and to get the I\VF treatment more
success (43,44).

Infertility is becoming a major global health issue, affecting about 50 million couples worldwide. In roughly 30% of these
cases, the problem is due to male-related factors (45,46).Male factor infertility is frequently linked to social stigma, causing it to be
overlooked or underestimated, particularly in low- and middle-income countries (47) . The Semen analysis depends on various
factors such as Morphology, DNA integrity, and motility. They play an important role for diagnosing and treating male factor
infertility (48). Semen qualities like shape, count, and movement are key signs of a sperm’s ability to fertilize an egg and lead to
pregnancy (49). Artificial Intelligence has shown strong promise in improving the accuracy and efficiency of sperm selection in I\VF
compared to traditional analysis methods. Moreover with the help of Artificial Intelligence it is easier to identify sperm with best
shape, motility, on the movement and small details in the images. Sperm movement (motility) is an important factor in regular semen
analysis. Many clinics use computer-assisted sperm analysis to measure motility. But by adding Artificial Intelligence (Al) to video
analysis, it’s possible to look at sperm movement more accurately and faster. It has totally changed the I\VF process as the whole
process depends upon the good quality of sperm it has the capability to the best sperm for fertilization (50, 51)

The in vitro fertilization process is very helpful for both women and men, and the advancement in the I\VF makes this
process more efficient, fast and accurate (52). These treatments are more efficient, as they can reduce the physical and emotional
stress on women. This also helps them to predict the chances of success, which supports decision-making about starting a family
and planning their future (like career or personal goals) . A big benefit of Al in IVF is that it can help women feel more confident
about their pregnancy. This can help them start bonding with their baby earlier (53). Artificial Intelligence gives more accurate
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results whether it's in the embryo selection and grading, time-lapse imaging, or sperm selection as compared to embryologist which
leads to more success rates in 1IVF (54)

In vitro fertilization (I'VF) has significantly transformed the landscape of infertility treatment, offering hope to millions of
individuals and couples striving to conceive. As reproductive technologies have advanced, the integration of Artificial Intelligence
(Al) has marked a major leap forward in optimizing the I\VVF process. From egg and sperm selection to embryo grading and transfer,
Artificial Intelligence Al contributes to greater precision, consistency, and efficiency. It reduces the reliance on subjective human
judgment and enhances the success rate of IVF through data-driven insights. Furthermore, Al supports the development of more
personalized treatment plans, which are essential for improving outcomes in complex infertility cases. Despite its cost and emotional
challenges, 1VF—especially when powered by Al—continues to evolve, making the dream of parenthood more accessible and
attainable.
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