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Abstract- This survey paper aims to provide a comprehensive overview of the current state of research
regarding the utilization of machine learning in forecasting the success of Intrauterine Insemination
procedures (IUI). The discussion commences with an exploration of the fundamental concepts and
advantages in IUI, as well as the challenges associated with predicting success. Next, the various Machine
Learning approaches, including supervised, unsupervised, and deep learning techniques utilized in this
context, are explored. Furthermore, an examination is conducted on the critical factors and features
considered in the development of predictive models, such as patient age, hormonal profiles, cycle
characteristics, and sperm analysis. Additionally, it is found that there may be potential benefits in
incorporating, lifestyle, emotional, yoga and meditation factors into predictive models to enhance their
accuracy.
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1. INTRODUCTION

The failure of conception after regular, unprotected sexual activity for a period of 12 months without
the use of contraception is considered infertility[1].

According to a report released by the WHO in April 2023, approximately 1 in 6 adults globally struggle
with infertility[2]. Infertility affects approximately 48 million couples and 186 million individuals worldwide
[3,4]. The occurrence of infertility across India is declined between 1992-93 and 2005-06, but it notably surged
in 2015-16. In comparison to 2005-06, there has been a substantial rise in infertility rates in 2015-16,
particularly in the Southern states of India [5].
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Fig 1: The patterns that indicate the extent of infertility in India [5].
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Fig 2: Patterns of the overall fertility rate in India [5]

The graph in Figure 1 illustrates the trajectory of infertility and Figure 2 indicates the the total fertility
rate (TFR) in India. Both of which experienced significant decreases until 1998-99. However a certain sharp
rise in infertility, accompanied by another decline in TFR between 2005-06 and 2015-16.

Studies exhibited that, menstrual problems, illnesses (diabetes, obesity and thyroid disorders),
ovulation dysfunction, uterine factor, fallopian tubes, and cervical factor were the most common reasons of
female infertility, and semen fluid abnormalities, genetic factors, vascular abnormalities, and anti-
spermatogenesis factors were the most frequent causes of male infertility[6-8].

Numerous psychosocial issues, including anxiety, nervousness, sadness, loneliness, and social
isolation, can be driven due to infertility. Most of the culture treats infertile couples with disrespect and shame
because it perceives their infertility as a punishment [9-11].

Assisted Reproductive Technology (ART) plays a crucial role in helping infertile couples in achieve
pregnancy [12]. Intrauterine Insemination ( IUl) can be counted as a ART and studies reccomends IUI as a
Strong front-line approach for the couples with minor fertility problems [13,14].

Success rates of 1UI can be affected by a multitude of variables, including age of the woman, sperm
quality, ovarian function, underlying fertility issues, and the number of previous IUI cycles attempted [15,16].

Since various biochemical indicators are necessary to evaluate infertility, comprehensive assessment
strategies must be used. Therefore, algorithmic protocols that incorporate these biochemical characteristics in a
dynamic testing environment are required to give infertile couples a more thorough diagnostic evaluation and
more successful treatment plan [17,18].

Acrtificial intelligence (Al) and machine learning (ML) are transforming healthcare by enabling data-
driven decision-making, enhancing diagnostic accuracy, and personalizing treatment plans. Al algorithms can
analyze vast medical datasets, identify patterns, and predict patient outcomes, aiding healthcare professionals in
making more precise diagnoses and treatment recommendations Additionally, ML models are instrumental in
drug discovery, patient risk assessment, and the development of predictive healthcare tools. The synergy of Al
and ML holds the potential to revolutionize healthcare by improving patient care, reducing costs, and advancing
medical research[19-24].

The ML algorithms shall reduce the time and efforts of medical practitioners in the diagnosis of disease
since the results obtained from ML algorithms are compared with gold standarads and also proven that they
have good classifactuiion accuracy and kappa [25].

Therfore the aim of this review is to explore the multifaceted applications of ML within the realm of
assisted reproduction techniques, with a specific focus on 1Ul. By analyzing the current state of research and
technology, we aim to elucidate the potential benefits, challenges, and future prospects of integrating ML into
IUI procedures, ultimately aiming to enhance the success rates and outcomes in 1UI.

2. ASSISTED REPRODUCTIVE TECHNIQUES (ART’S):

ART’s are medical procedures designed to help individuals or couples to overcome infertility and to
have children. ART procedures typically involve the manipulation of eggs, sperm, or embryos outside of the
body to facilitate conception [26]. They are used when natural conception is difficult or impossible due to
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factors like infertility, medical conditions, or genetic concerns, providing hopeful parents with the opportunity to
start or expand their families. The various ARTs are [27,28] :
i) InVitro Fertilization (IVF)

i) Intracytoplasmic Sperm Injection (ICSI)

iii) Gamete Intrafallopian Transfer (GIFT)

iv) Zygote Intrafallopian Transfer (ZIFT)

v) Intravaginal Culture (IVC)

vi) Intrauterine Insemination (1UI)

vii) Preimplantation Genetic Testing (PGT)

viii) Surrogacy

ix) Ovulation induction

X)  Cryopreservation

i) In Vitro Fertilization (IVF) involves the fertilization of eggs with sperm outside the woman's body
in a lab dish. Once fertilization occurs and embryos develop, one or more healthy embryos are implanted into
the the woman's uterus [29,30].

ii) Intracytoplasmic Sperm Injection (ICSI) is a specialized form of I\VVF where a single sperm is
directly injected into an egg to facilitate fertilization, especially useful when male infertility is a concern [31,32].

iii) Gamete Intrafallopian Transfer (GIFT), in which both the sperms and eggs are collected and placed
directly into the fallopian tubes, allowing fertilization to occur naturally inside the woman's body [33].

iv) Zygote Intrafallopian Transfer (ZIFT) is similar to GIFT, but in this procedure, fertilization is
allowed to happen in the laboratory, and the resulting fertilized embryos are inserted into the fallopian tubes
[34].

v) Intravaginal Culture (IVC) involves placing sperm and eggs into a small container (culture dish),
which is then inserted into the woman's vagina to allow fertilization to occur inside the body [35].

vi) Intrauterine Insemination (1UI) involves placing sperm directly into the woman's uterus during
ovulation to improve the probability of fertilization [36].

vii)Preimplantation Genetic Testing (PGT) is a technique used in conjunction with IVF to screen
embryos for genetic abnormalities or chromosomal disorders before implantation, helping to designate healthy
embryos for transplantation [37].

viii) Surrogacy is an arrangement in which another woman (the surrogate) carries and gives birth
to a child for individuals or couples who have difficulty conceiving or carry a pregnancy themselves [38].

iX) Ovulation induction involves the utilization of hormonal medications to stimulate the ovaries to
produce and release eggs, increasing the chances of conception [39].

X) Cryopreservation, also known as embryo freezing, involves freezing and storing surplus embryos
from IVF cycles for future use [40].

In vitro fertilization (IVF), along with its advanced variations like intracytoplasmic sperm injection
(ICSI), intrauterine insemination (1Ul), zygote intrafallopian transfer (ZIFT), and gamete intrafallopian transfer
(GIFT), ranks among the most widely practiced ARTs worldwide [41-44].
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TABLE 1: COMPARISON OF COST AND COMPLEXITY AMONG POPULAR ARTS [45-47].

Te;i;;ue Complexity Duration Cost
IVE Relatively complex Several weeks to a few Morg
months expensive
Ics Highly specialized procedure that is Timeline is similar to More expen-
performed as part of an IVF cycle IVF sive
Timeline is similar to More expen-
GIFT Moderately complex IVF with Additional sive
steps
Timeline is similar to More expen-
ZIFT Moderately complex IVF with Additional sive
steps
IUI Less complex Shorter time More afforda-

ble

Table 1 shows an analysis of cost and complexity among the commonly used ARTSs. The complexity
and cost of ART procedures generally follows the order from most complex to least complex as IVF, ICSI,
GIFT/ZIFT, and IUL. IVF and ICSI are more intricate and involve multiple stages and laboratory processes,
while GIFT and ZIFT involve surgical procedures. 1Ul is the least complex, involving a less invasive process
with fewer steps.

3. CHALLENGES IN PREDICTION OF IUl SUCCESS
IUl is a less invasive, more affordable and includes short procedure compared to other ART methods.
More importantly Ul is a natural conception process since it facilitates the natural sperm journey toward the
egg [48-51]. The outcome of 1UI affected by various factors such as:
i)  Female partner age.
ii)  Regular ovulation of female partner.
iii) Quality and quantity of sperm from the male partner
iv)  Woman's fallopian tubes condition
v)  Cervical Factors including cervical mucus issues
vi) Accurate prediction the timing of ovulation
vii) Couple's previous fertility treatment history
viii) Lifestyle factors such as smoking, alcohol use
iX) Body Mass Index (BMI) [52,53].

There are currently no universally accepted biomarkers or definitive predictors that Can assess Ul
success with accuracy. While certain factors like age and sperm parameters offer some perspective, but it's
inadequate on their own to reliably predict the outcome [54].

The difficulty in predicting the success of IUI primarily stems from multiple variables and individual
variability since each patient's response to IUIl can vary widely and factors such as hormonal levels, uterine
conditions, and cervical mucus quality vary significantly among person to another [55,56].

While medical professionals can rely on historical success rates for 1UI, these statistics might not
entirely capture the nuances of individual cases. Clinical information may not encompass every relevant patient-
specific factors that impact success [57].

The emotional and psychological aspects of fertility treatment can influence outcomes. Stress, anxiety,
and emotional well-being can affect a patient's response to treatment, which is challenging to quantify [58].

Due to these complexities and the unique nature of each patient's situation, accurately predicting the
success of 1UI remains a formidable challenge for healthcare providers.
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4. MACHINE LEARNING IN THE PREDICTION OF SUCCESS OF 1Ul

This section consists review of existing knowledge on Machine Learning in forecasting success in
Intrauterine Insemination (IUI). We comprehensively anlyzed 9 articles.

In these studies an array of factors are considered and incorporated into the analysis. These factors
typically encompass both patient-specific variables and clinical parameters. A compilation of the included
factors is presented in Table 2. The study region, Number of participants / IUl Cycles incorporated, Al or ML
algorithms applied and their accuracy is tabulated in Table 3.

In the landscape of fertility research, various ML algorithms have been employed by researchers to
forecast the outcome of 1Ul. These algorithms encompass a diverse array of techniques, including support vector
machines, logistic regression, random forests, artificial neural networks, , and gradient boosting, among others.

Each of these algorithms brings its own unique computational approach and mathematical framework
to the task of analyzing complex datasets related to 1Ul outcomes.

The literature reflects a growing interest in harnessing the predictive power of ML, as these algorithms
offer the potential to uncover hidden patterns, identify crucial variables, and enhance the accuracy of success
predictions in 1Ul, ultimately contributing to more informed clinical decision-making in the realm of fertility
treatments.

Small sample size of individual indicators in specific ranges, regional and population constraints due to
data coming solely from a single hospital's medical records, lack of external validity are some of the limitations
of these studies

TABLE 2: FACTORS CONSIDERED IN ML TECHNIQUES FOR PREDICTION OF SUCCESS IN Ul

s 3 g T o £8
S ® < =] E‘ % 2 = a8 ® s @
< 2 - & 2 g T 5¢88 3 w= S
Factors 2 o = o 88 < c© 289w g 2 I5)
E £ ® 5 3 § £ 2&€£258 5 >*8 5
A E = £ 5 2768 - > 2
L = S @ 8 = > CE)
T LL (2] < £ S
Michal youngster v
et.al [59]
Changbo Jin et.al v v v v % v v Y
[60]
Sajad
Khodabandelu 4 v v v v v v
et.al [61]
Ameneh
Mehrjerd et.al v v v v v v v v v
[62]
Nejc Kozar et.al v v v v v v v
[63]
F. Allameh et.al v v v v v v v v
[64]
Azadeh Akbari v v v v v v v v
Sene et.al [65]
Sima Ranjbari v v v v v v v v Y
et.al [66]
Anna Justyna
Milewska et.al v v v v v v
[67]
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TABLE 3: SUMMARY OF APPLICATION OF ML TECHNIQUES FOR PREDICTION OF SUCCESS IN [UI.

Year of  Number of Study Accurac
Authors Publicati participants Region AIl/ML Algorithms y
on / 1UI Cycles
Michal youngster 2023 2,467 NGBoost i
et.al [59] (Cycles)
. . 1) Random forest
Changbo Jinetal = 550 25502 MMl o) Entropy-based feature 95%
[60] China . e
discretization
1) Logistic regression 75%
Sajad North of 2) Support vector classification 80%
Khodabandelu et.al 2022 546 Iran 3) Random forest 84%
[61] 3) Extreme Gradient Boosting 89%
4) Stacking generalization 88%
1) Logistic Regression 83%
. 2) Random Forest 84%
Ameneh Mehrjerd ), 1196 lran  3) k Nearest Neighbors 81%
etal [62] 4) Support Vector Machine 82%
5) Gradient Naive Bayes 75%
1) Support Vector Machine 55%
413 2) Multilayer perceptron 55%
Nejc Kozar et.al . 3) General linear model 57%
[63] 2021 (:(31/2I2e 2) Slovenia 4) Random forest 66%
5)Partial least squeares 62%
6) SVM Linear 56%
1) J48 97%
2) Bayesian Network 95%
F. Allameh et.al 2021 124 Tehran, 3) Neural Network 91%
[64] (157 Cycles) Iran 4) Support Vector Machine 97%
5) Logistic Regression 81%
6) K-Nearest Neighbors 76%
Azadeh Akbari 2021 380 Tehran, Thre(.a-.layer neural network 71.92%
Sene et.al [65] Iran classifier
1)Random Forest 58%
2) Decision Tree 55%
. - 8,360 3) Naive Bayes 53%
Sima R?gg;a“ etal o0 (11,255 Iran  4) ANN | 50%
Cycles) 5) Support Vector Machine 54%
6) Extreme Gradient Boosting 55%
7) CNFE-SE 71%
Anna Justyna 825 Lakewood, .
Milewska et.al [67] 2013 (Cycles) USA k-means algorithm Kohonen -

Neural Networks
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5. DISCUSSIONS

The follwing observations are outlined from the review:

IUI success rates can exhibit regional disparities. Several factors contribute to this variation, including
cultural and socioeconomic factors[68]. Therefore, it's essential to consider these regional differences when
assessing the outcomes of Ul and when designing fertility treatment strategies for specific regions. A key
observation from the review is that much of the research has focused on specific country, such as Iran, with no
evidence of studies on the application of ML approaches for predicting the success of Ul within the framework
of the Indian community. Hence tailoring research to the Indian context may ensures more accurate and relevant
outcomes.

The emotional factor can significantly influence the success of IUl. Couples undergoing fertility
treatments, including IUI, often experience high levels of stress, anxiety, and emotional turmoil [69]. It should
be emphasized that studies concerning the success of 1UI have often overlooked or inadequately addressed the
influence of emotional factors on the outcomes of the procedure. Subsequent research efforts should
contemplate this crucial aspect to furnish a comprehensive understanding of the factors influencing 1UI success.

The impact of yoga and meditation on the success of 1UI is a subject of growing interest within the
realm of fertility research. Both yoga and meditation have gained recognition for their potential to positively
influence multiple dimensions of reproductive health and emotional well-being, which can, in turn, affect the
outcomes of fertility treatments like 1UI [70].

This notable gap in the literature underscores the need for more thorough research that specifically
examine the interrelation between yoga, meditation, and 1Ul success. Such research could offer valuable
perspectives into the potential benefits of incorporating mind-body practices into fertility treatment protocols
and offer a holistic approach to addressing the emotional and physiological aspects of infertility.

CONCLUSIONS

In conclusion, this survey on machine learning in forecasting success in intrauterine insemination (1UI)
has shed light on the promising advancements and challenges in applying artificial intelligence to reproductive
medicine. As the demand for assisted reproductive technologies continues to rise, accurate prediction of Ul
success becomes increasingly vital for couples struggling with fertility issues.

The selection and extraction of relevant features are crucial in developing accurate prediction models.
Researchers have examined diverse factors like patient characteristics, hormonal profiles, cycle parameters, and
sperm analysis results. Integrating additional data sources like emotional factor and yoga and meditation factors
holds potential for enhancing prediction models. Implementation of ML techniques for predicting the success of
IUI within the Indian population framework, is still a field with unexplored possibilities.
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