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Abstract 

Introduction 

Unexplained infertility, impacting 10-30% of couples, remains a significant challenge due to 

the absence of identifiable etiologies, complicating treatment decisions. Assisted reproductive 

technologies (ART) like IVF, IUI, and ICSI have become primary interventions, though their 

efficacy varies across patient subgroups. 

Objective of this Study 

This study aims to evaluate the clinical efficacy of IVF, IUI, and ICSI in managing unexplained 

infertility, considering patient demographics and prior ART outcomes, to guide evidence-based 

clinical decision-making. 

Materials and methods 

A detailed literature search was undertaken across PubMed, Web of Science, and Embase to 

locate research on the adverse effects of monoclonal antibodies used in asthma management. 

The search covered English-language studies from the start of each database up to 2024. To 

ensure comprehensiveness, additional relevant studies were found by examining the reference 

lists of selected articles. 

Aim of the Knowledge 

The research seeks to clarify ART effectiveness in unexplained infertility, identifying optimal 

scenarios for each treatment type and assessing advancements that enhance reproductive 

outcomes while minimizing risks. 

Conclusions 

The analysis suggests IVF as the most effective option for complex cases, especially in 

advanced maternal age, though it involves higher risks. IUI is a lower-risk, cost-effective initial 

treatment, while ICSI is indicated for male factor infertility. Tailored ART strategies based on 

individual reproductive profiles are essential. 

Summary 

This study underscores the need for individualized ART approaches in unexplained infertility. 

IVF remains highly effective for challenging cases, while IUI and ICSI provide viable 

alternatives depending on patient-specific factors. Future research should aim to refine ART 

protocols to optimize success rates and minimize associated risks. 
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fertilization (IVF); intrauterine insemination (IUI); intracytoplasmic sperm injection (ICSI); 

fertility outcomes; male factor infertility; ovarian stimulation, reproductive medicine; 
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1. Introduction 

Unexplained infertility presents a significant challenge in modern medicine. It is a complex 

issue affecting 10-30% of couples attempting to conceive and remains difficult to treat despite 

advancements in medical science. This condition poses challenges for both physicians and 

patients alike. [1] 

Unexplained infertility is a diagnosis of exclusion in which the cause of infertility cannot be 

identified during a thorough clinical evaluation of the couple, encompassing factors such as 

anovulation, tubal obstruction, or significant male factor deficiencies. Consequently, 

unexplained infertility cannot be regarded as a specific medical condition to which targeted 

treatment can be assigned; rather, it reflects an inability to determine the underlying source of 

the reproductive issue.[2] 

 

2. Objective of this study  

The objective of this study is to compare the effectiveness of various assisted reproductive 

technologies (ART), including in vitro fertilization (IVF), intrauterine insemination (IUI), and 

intracytoplasmic sperm injection (ICSI). This research aims to analyze the differences in 

clinical outcomes among these methods and identify the factors influencing the selection of the 

most appropriate infertility treatment. Special attention will be given to assessing aspects such 

as the age of the female patient, the underlying causes of infertility, the couple's medical history, 

and previous experiences with specific ART techniques. This approach will facilitate a better 

understanding of how these factors shape treatment decisions and their implications for 

treatment outcomes and the quality of life of patients. 

 

3. Materials and methods 

An extensive review of the literature was conducted utilizing major electronic databases, 

specifically PubMed, Web of Science, and Embase, to capture relevant studies on monoclonal 

antibodies used in asthma treatment and their associated adverse effects. The search strategy 

employed a detailed combination of keywords, designed to encompass a wide range of 

terminology related to specific monoclonal antibodies, asthma management, and potential side 

effects or complications. This approach ensured a comprehensive scope of results. 

The search was limited to English-language articles and included publications from the 

inception of each database up to the year 2024, providing a broad historical and current view 

of available research. To further enhance the thoroughness of the review, additional studies 

were identified through manual searches of reference lists in key articles, which helped capture 

any additional relevant publications that may not have surfaced in the initial database search. 

This rigorous process was intended to ensure that the review incorporated all available evidence 

relevant to the safety profile of monoclonal antibodies in asthma treatment. 

 

4. The significance of assisted reproductive technologies (ART) 

Assisted reproductive technologies (ART) represent a significant advancement in the field of 

reproductive medicine, providing new hope and effective interventions for couples struggling 

with infertility. ART encompasses a range of advanced medical procedures aimed at supporting 

both the conception process and ensuring the successful progression of pregnancy.  
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These technologies play a particularly crucial role in cases of unexplained infertility, where 

traditional diagnostic methods fail to accurately identify the underlying causes of reproductive 

issues. [3] One of the key advantages of ART is its ability to overcome various barriers to 

conception that may exist in couples. For instance, techniques such as in vitro fertilization (IVF) 

allow for the fertilization of oocytes ex vivo, enabling more precise control over the fertilization 

process and the selection of viable embryos for transfer.[4] Additionally, intracytoplasmic 

sperm injection (ICSI), an advanced method within the IVF framework, facilitates the direct 

resolution of male factor issues by injecting a single spermatozoon into the cytoplasm of the 

oocyte, significantly enhancing the likelihood of successful fertilization.[5] 

 

5. Treatment options 

5.1 IVF- In vitro fertilization 

In vitro fertilization (IVF) has established itself as a cornerstone of assisted reproductive 

technology (ART), particularly beneficial for individuals with conditions where less invasive 

approaches, such as intrauterine insemination (IUI), have limited efficacy.[6] Clinical evidence 

underscores the superior success rates of IVF, especially among patients with advanced 

maternal age, significant male factor infertility, tubal obstruction, or idiopathic 

infertility - contexts in which conventional methods often yield suboptimal results.[7] IVF’s 

process of extracorporeal fertilization enables precise observation and selection of viable 

embryos, allowing for preimplantation genetic testing (PGT) to identify chromosomal 

abnormalities. This critical step enhances the probability of establishing a healthy pregnancy 

and achieving a live birth.[8] 

However, IVF is associated with certain risks, primarily the increased incidence of multiple 

gestations, which is linked to perinatal complications such as preterm birth, low birth weight, 

and a higher need for neonatal intensive care.[9] These outcomes are especially prevalent when 

multiple embryos are transferred, a historically common practice that is now increasingly 

managed with single embryo transfer (SET) protocols to minimize potential adverse 

effects.[10]There is also some evidence suggesting that IVF-conceived offspring may present 

with a marginally elevated incidence of developmental or health issues later in life; however, 

these findings are frequently confounded by intrinsic parental factors associated with infertility, 

as well as genetic and epigenetic consideration.[11] 

Continued advancements in IVF protocols are directed at optimizing safety and efficacy. 

Innovations in ovarian stimulation, embryo culture conditions, and cryopreservation methods 

have notably improved clinical outcomes. [12] The shift toward frozen embryo transfers (FET) 

is particularly promising, as some studies indicate that FET reduces risks associated with fresh 

embryo transfers, including ovarian hyperstimulation syndrome (OHSS) and certain perinatal 

complications.[13] Additionally, advanced genetic testing methods, such as next-generation 

sequencing (NGS) used in preimplantation genetic testing for aneuploidy (PGT-A), enable 

more accurate embryo selection, potentially enhancing implantation success and lowering 

miscarriage rates.[14] 

IVF thus represents a highly effective intervention in reproductive medicine, with continued 

research focused on reducing associated risks and further understanding long-term outcomes in 

ART-conceived individuals.  
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Future advancements in IVF and ART aim not only to increase pregnancy and live birth rates 

but also to ensure the safety and long-term health of both mother and child.[15] 

 

5.2 IUI-Intrauterine insemination 

Intrauterine insemination (IUI) remains a critical approach in the treatment of infertility, 

particularly as an initial intervention for couples where fertility challenges are linked to mild 

male factor infertility, cervical factor, ovulatory disorders, or unexplained infertility.[16] IUI 

entails the introduction of concentrated, motile sperm directly into the uterine cavity, which 

bypasses the cervical barrier and places sperm in close proximity to the oocyte at ovulation. 

This positioning significantly enhances the likelihood of fertilization by overcoming cervical 

and distance-related barriers to sperm passage. The simplicity and directness of IUI make it one 

of the most widely accessible and patient-friendly options in the spectrum of assisted 

reproductive techniques (ART).[17] 

An attractive feature of IUI is its relatively non-invasive nature, combined with a lower 

financial cost compared to more complex ART procedures like in vitro fertilization (IVF). 

Consequently, IUI is frequently recommended as a first-line treatment for infertility, especially 

when patients present with less severe reproductive issues or where standard diagnostic 

evaluations have not identified a clear causative factor.[18] In cases where fertility outcomes 

may benefit from hormonal support, IUI is often combined with controlled ovarian 

hyperstimulation (COH), which promotes the development and release of multiple mature 

oocytes. Studies demonstrate that this combination can increase pregnancy rates, as multiple 

eggs increase the probability of successful fertilization.[19] However, the use of COH raises 

the risk of multiple gestations, which is associated with a higher incidence of perinatal 

complications, including preterm birth, low birth weight, and neonatal intensive care 

admissions. The risk-benefit ratio of COH must therefore be carefully assessed to ensure that it 

aligns with the patient’s overall treatment goals and health considerations.[20] 

The efficacy of IUI is variable, with success rates influenced by a number of patient-specific 

factors. Generally, studies indicate that the highest success rates are observed in younger 

women, particularly those under 35 years of age, who present with shorter durations of 

infertility and without significant tubal pathology or severe male factor infertility. [21] IUI is 

most effective when semen parameters are within a mildly impaired range; severely 

compromised sperm motility or morphology tends to limit the efficacy of this approach, often 

leading to recommendations for more advanced methods like intracytoplasmic sperm injection 

(ICSI). Moreover, recent analyses suggest that IUI is less effective in cases where patients 

present with prolonged infertility (over 2-3 years), given that extended infertility duration can 

signal underlying, undiagnosed reproductive issues.[22] 

In light of these considerations, the success of IUI also depends on the optimization of clinical 

protocols. Careful timing of insemination with ovulation, based on hormonal monitoring and 

ultrasound, is essential to maximize success rates. Additionally, careful patient selection and 

stratification based on factors such as ovarian reserve, history of prior ART cycles, and 

responsiveness to ovulation induction are critical for achieving optimal outcomes with IUI.[23] 

The relatively straightforward, minimally invasive nature of IUI, combined with its favorable 

cost-benefit profile, makes it a valuable option in the ART landscape.  
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However, given its limitations and the variable factors affecting success, ongoing research 

continues to explore refined protocols and adjunct treatments that might further improve its 

effectiveness in diverse patient populations.[24] 

 

4.3 ICSI-Intracytoplasmic sperm injection 

Intracytoplasmic sperm injection (ICSI) is a highly specialized technique within assisted 

reproductive technology (ART) that has revolutionized the management of male infertility, 

particularly in cases where sperm quality is severely compromised.[25] It is primarily employed 

in scenarios of male factor infertility, including conditions such as oligospermia (low sperm 

count), asthenozoospermia (poor sperm motility), teratozoospermia (abnormal sperm 

morphology), and azoospermia (absence of sperm in the ejaculate). [26]Unlike conventional in 

vitro fertilization (IVF), where sperm and oocytes are combined in a culture dish to allow for 

natural fertilization, ICSI involves the direct injection of a single sperm into the cytoplasm of 

an oocyte using a fine needle. [27]This process bypasses the natural barriers to fertilization, 

including sperm motility issues and the inability of sperm to penetrate the egg’s outer 

membrane, thus facilitating successful fertilization even when sperm quality is significantly 

compromise.[28] 

ICSI is particularly advantageous in cases of severe male infertility, where other ART 

procedures may be ineffective. In cases of non-obstructive azoospermia, where no sperm is 

present in the ejaculate, sperm can often be retrieved directly from the testicles or epididymis 

through surgical procedures like testicular sperm extraction (TESE) or epididymal sperm 

aspiration (PESA).[29]These retrieved sperm can then be used for ICSI, offering hope for 

couples who otherwise might have no biological children.  Additionally, ICSI can be considered 

when a couple has previously failed IVF cycles due to fertilization failure, as well as in cases 

where genetic testing is required, such as when preimplantation genetic testing (PGT) is part of 

the treatment protocol. [30] 

The ICSI procedure has been shown to achieve high fertilization rates, often exceeding 70-80%, 

even in cases of severe male factor infertility, significantly improving the chances of successful 

fertilization and subsequent embryo development.[31] However, despite the high fertilization 

rates, the pregnancy and live birth rates following ICSI are generally comparable to those seen 

in traditional IVF, provided there are no other complicating factors such as female infertility. 

In cases of male infertility, particularly when sperm are retrieved surgically, the overall success 

of the procedure can also depend on the quality of the sperm available for injection and the 

underlying health of the female partner. [32] 

Despite its clear benefits, ICSI has raised concerns regarding potential long-term risks. One of 

the key issues is the bypassing of the sperm’s natural role in fertilization, which could result in 

the inheritance of genetic defects. [33] Some studies have indicated a slightly increased risk of 

genetic abnormalities in offspring conceived via ICSI, as the technique bypasses the natural 

selection processes that occur during natural fertilization. For example, certain studies have 

suggested a potential link between ICSI and an increased risk of imprinting disorders, 

congenital malformations, and other developmental issues.[34] However, the overall incidence 

of these problems remains low, and ongoing research is needed to fully understand the long-

term genetic and developmental implications of ICSI.[35] 
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Moreover, while ICSI can dramatically improve fertilization rates, it is not a universal solution, 

and its efficacy can be influenced by a range of factors. Female age, ovarian reserve, and the 

presence of other fertility issues, such as tubal disease or endometriosis, can also play 

significant roles in determining the success of the procedure.[36] Thus, while ICSI is a powerful 

tool in treating male infertility, it is crucial to provide thorough pre-treatment counseling and to 

assess both male and female fertility factors to optimize the chances of a successful pregnancy 

outcome.[37] 

In conclusion, ICSI has become an indispensable component of ART, offering pathway to 

parenthood for many couples affected by male infertility. The technique’s ability to overcome 

significant male reproductive challenges has made it a vital tool in assisted reproduction, with 

high fertilization success rates and the potential for improved fertility outcomes in even the 

most complex cases. [38]However, the procedure does carry some risks, especially in terms of 

genetic concerns, which continue to be an area of active investigation. As research advances, it 

is likely that further refinements in the technique and better understanding of its long-term 

effects will continue to improve both the safety and efficacy of ICSI in fertility treatment.[39] 

 

6. Comparative Analysis of IVF, IUI, and ICSI in Assisted Reproductive Technology 

In vitro fertilization (IVF), intrauterine insemination (IUI), and intracytoplasmic sperm 

injection (ICSI) are central techniques within assisted reproductive technology (ART), each 

tailored to address different causes of infertility. Despite their shared objective of facilitating 

conception, they vary significantly in their approach, indications, and outcomes. [40] 

 

In vitro fertilization (IVF) is one of the most well-established ART procedures, particularly 

beneficial for individuals with complex infertility conditions, including advanced maternal age, 

tubal blockage, significant male factor infertility, and unexplained infertility. IVF involves the 

fertilization of oocytes outside the body, allowing for close monitoring and the possibility of 

preimplantation genetic testing (PGT) to assess chromosomal integrity. [41]IVF has proven to 

be highly effective, especially for cases that do not respond well to less invasive treatments like 

IUI. However, the procedure is associated with certain risks, including the potential for multiple 

pregnancies, which can lead to perinatal complications such as low birth weight and preterm 

birth. The trend toward single embryo transfer (SET) has emerged as a strategy to minimize 

such risks, while advances in cryopreservation techniques, particularly the use of frozen embryo 

transfer (FET), have further improved clinical outcomes. Despite the high success rates of IVF, 

concerns remain regarding long-term health outcomes for children conceived via ART, though 

these risks may be confounded by the underlying infertility factors of the parents.[42] 

 

Intrauterine insemination (IUI) is a less invasive and more cost-effective ART technique, 

commonly recommended as an initial treatment for couples with mild male infertility, ovulatory 

dysfunction, or unexplained fertility issues. IUI involves the direct placement of sperm into the 

uterine cavity, bypassing the cervix and improving the chances of sperm reaching the oocyte. 

While IUI offers a non-invasive alternative to IVF, its success rates are generally lower, 

particularly in cases of severe male factor infertility or when the female partner has significant 

reproductive pathology. [43]  
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The addition of controlled ovarian hyperstimulation (COH) can improve IUI success rates by 

increasing the number of available oocytes, but it also raises the risk of multiple pregnancies.  

As a first-line treatment, IUI is most effective in younger women with less complicated fertility 

problems, though its efficacy declines in patients with prolonged infertility or poor semen 

parameters.[44] 

 

Intracytoplasmic sperm injection (ICSI) is a specialized ART method that has revolutionized 

the treatment of male infertility, particularly in cases of severe sperm abnormalities, such as 

oligospermia (low sperm count), asthenozoospermia (poor motility), teratozoospermia 

(abnormal sperm shape), and azoospermia (absence of sperm). ICSI involves the direct injection 

of a single sperm into an oocyte, overcoming barriers to natural fertilization and providing a 

solution for severe male infertility.[45] This technique is particularly valuable when sperm 

cannot penetrate the egg naturally, or in cases of non-obstructive azoospermia where sperm are 

retrieved directly from the testes or epididymis. Despite its high fertilization rates, ICSI’s 

success in terms of pregnancy and live birth rates is comparable to that of IVF, provided there 

are no other complicating factors such as female infertility. One concern with ICSI is the 

potential for genetic risks, as the technique bypasses natural sperm selection, which may 

increase the likelihood of inherited genetic defects, although the overall risk remains low.[46] 

 

7. Key Differences and Comparative Outcomes: 

When comparing IVF, IUI, and ICSI, the choice of treatment is determined by the underlying 

cause of infertility and the severity of the reproductive issue. IVF remains the most 

comprehensive and effective solution for patients with complex infertility factors, such as tubal 

obstruction, severe male infertility, or unexplained infertility. IUI, with its lower cost and 

minimal invasiveness, is more suited for less complex infertility cases, particularly when male 

factor infertility is mild or unexplained.[47] It is often used as a first-line treatment before 

progressing to more advanced ART techniques like IVF or ICSI. ICSI, on the other hand, 

provides a direct solution to male infertility by overcoming the natural barriers to fertilization, 

especially in cases of severe sperm dysfunction. It is particularly effective for male infertility 

but is not as versatile as IVF, as its efficacy can be influenced by factors related to the female 

partner's fertility.[48] 

Although IVF, IUI, and ICSI each have distinct advantages, their efficacy is closely linked to 

patient-specific factors, including age, ovarian reserve, semen quality, and the presence of other 

reproductive disorders. IVF is the most suitable option for individuals with more severe or 

complex infertility, while IUI serves as an effective starting point for less severe cases. [49]ICSI 

offers a solution for male infertility when sperm quality is a significant concern, though it 

carries some potential genetic risks that need to be carefully considered. 

In conclusion, IVF, IUI, and ICSI each have their roles in treating infertility, with the choice of 

method depending on the specific circumstances of the patient. Ongoing advancements in ART 

techniques aim to enhance success rates, minimize risks, and ensure the long-term health and 

well-being of both the mother and the child. [50]The continuous evolution of these technologies 

holds promise for improving reproductive outcomes and offering more personalized treatment 

strategies for couples experiencing infertility.[50] 
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8. Summary 

This study aims to assess the comparative efficacy of three primary assisted reproductive 

technologies (ART)—in vitro fertilization (IVF), intrauterine insemination (IUI), and 

intracytoplasmic sperm injection (ICSI)—in the management of unexplained infertility. 

Unexplained infertility, which affects 10-30% of couples, remains a significant clinical 

challenge characterized by the inability to identify a definitive cause despite extensive 

diagnostic evaluations. This research explores the role of various patient-specific factors, 

including female age, medical history, and previous ART outcomes, in influencing the selection 

and success of these treatments. 

Assisted reproductive technologies represent a pivotal advancement in reproductive medicine, 

particularly for patients with unexplained infertility, where traditional diagnostic methods often 

fail to identify a clear etiology. IVF is widely regarded as the most effective ART for patients 

with complex infertility factors, such as advanced maternal age, tubal obstruction, and male 

factor infertility, as well as unexplained infertility. IVF offers high success rates, though it is 

associated with potential risks, such as multiple gestations, which can lead to adverse neonatal 

outcomes. In contrast, IUI is a less invasive and more cost-effective option that is typically 

recommended for couples with mild male infertility, ovulatory dysfunction, or unexplained 

infertility. While IUI is generally less effective than IVF, it serves as a valuable first-line 

treatment, particularly for younger women with fewer infertility complications. 

ICSI, a highly specialized ART technique, is primarily utilized in cases of male infertility, 

particularly in instances of severe oligospermia, asthenozoospermia, teratozoospermia, and 

azoospermia. By directly injecting a single sperm into an oocyte, ICSI circumvents natural 

fertilization barriers, significantly improving fertilization rates, even in cases of profound male 

reproductive dysfunction. Although ICSI has demonstrated high fertilization success rates, its 

pregnancy and live birth outcomes are comparable to IVF when other female factors do not 

complicate the procedure. However, concerns regarding the potential genetic risks associated 

with bypassing natural sperm selection remain an area of ongoing research. 

In conclusion, the selection of an appropriate ART modality is contingent upon the underlying 

cause and severity of infertility. IVF is considered the most suitable intervention for complex 

infertility scenarios, whereas IUI remains an effective, less invasive approach for mild cases. 

ICSI offers a targeted solution for male infertility but requires careful consideration of both 

male and female factors to optimize treatment outcomes. The continuous evolution of ART 

techniques holds promise for enhancing success rates, minimizing associated risks, and 

improving the long-term health outcomes of both the mother and the offspring. 
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