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Abstract: Male infertility is a complex condition with multifactorial causes, impacting a significant
proportion of couples seeking to conceive. This review provides a comprehensive overview of both
medical and surgical approaches to managing male infertility. It examines medical interventions
including hormonal treatments, lifestyle modifications, and advanced diagnostic techniques such as
sperm DNA fragmentation and oxidative stress assessments. The review also explores surgical
options, including varicocelectomy and procedures addressing anatomical abnormalities.
Additionally, emerging treatments such as gene therapy, stem cell therapy, and advancements in
assisted reproductive technologies (ART) are discussed, highlighting their potential to enhance
treatment efficacy. Personalized medicine's role in tailoring interventions based on individual
genetic and hormonal profiles is also considered. The review underscores the importance of
integrating these approaches to offer effective, individualized care and improve fertility outcomes.
Future research and clinical advancements are essential to further refine these strategies and provide
new solutions for male infertility.
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Male Infertility: A Review Of Medical And Surgical Approaches
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Overview of Male Infertility:

Infertility is a widespread issue, effects a number of couples in the reproductive age group.(1)
Infertility is defined by the inability to conceive after a year of regular, unprotected intercourse.
Male infertility specifically refers to a reduced ability to father a child, which can result from
problems with sperm production, sperm function, or sperm delivery. Globally, over 186 million
people experience infertility, with the majority residing in developing countries.(2) A Global
Burden of Disease survey found that from 1990 to 2017, the age-standardized prevalence of
infertility rose annually by 0.370% in women and by 0.291% in men.(3) Incidence rates of
infertility can differ by region, influenced by factors such as environmental exposures, lifestyle
choices, and genetic predispositions. For instance, industrialized countries often report higher rates,
which may be linked to environmental pollutants and lifestyle factors. Globally, the prevalence of
infertility is between 10-15%, whereas in Pakistan, the infertility rate is 21.9%.(4) Globally,
approximately 15% of couples experience infertility, with 40-50% of these cases being attributed to
male factors.(5) Infertility issues are attributed to females in about 50% of cases, males in about
40%, and both partners in about 10%.(6) Additionally, roughly 15% to 20% of couples are
diagnosed with unexplained infertility after thorough diagnostic evaluations.(7)

Infertility impacts couples significantly, causing emotional and psychological stress, including
frustration, sadness, and anxiety, which can lead to depression and a decreased quality of life. It can
also strain relationships, leading to conflicts or feelings of isolation and affecting communication
and intimacy. Social stigma associated with infertility may result in societal pressure and judgment,
with couples facing intrusive questions or a lack of understanding from others. Additionally, the
financial burden of fertility treatments and procedures can add to the emotional strain and affect
family finances.

On a public health level, infertility places a strain on healthcare systems due to the need for
specialized care and advanced medical interventions. The economic impact includes the costs of
treatments, loss of productivity, and potential long-term financial effects on families. Increased
public awareness and education about reproductive health are essential for earlier diagnosis and
better management of infertility, as well as for reducing stigma. High infertility rates can also
influence population growth and demographic changes, affecting long-term community planning
and resource allocation. Overall, infertility has broad implications for both individual well-being
and public health systems, requiring comprehensive support and management strategies.

Etiology of Male Infertility:

Male infertility can result from a variety of factors that affect sperm production, function, or
delivery. Understanding the etiology of male infertility is crucial for diagnosis and treatment. Male
infertility with a known cause often has a significant treatment success rate. However, in cases of
genetic or idiopathic male infertility, treatment approaches tend to be more empirical and
optimized. Male infertility is primarily categorized into azoospermia (AS) and coital infertility
(C1).(8) Azoospermia (AS) refers to the complete absence of sperm in the ejaculate and affects
about 15% of infertile men. It is categorized into obstructive infertility (OI) and non-obstructive
infertility (NOI).(9) In obstructive infertility, sperm are absent in the ejaculate despite normal
endocrine and exocrine functions and normal spermatogenesis, due to a blockage in the genital
tract, which can occur anywhere from the ejaculatory ducts to the rete testes. Non-obstructive
infertility, on the other hand, is characterized by abnormal spermatogenesis resulting from primary
or secondary testicular failure. Coital infertility is marked by normal sperm production and a
healthy genital tract but is secondary to sexual dysfunction affecting ejaculation.(10) Sub-fertility
can be primary, where there is a delay in conceiving for a couple with no prior pregnancies, or
secondary, where a couple experiences a delay in conceiving after a previous pregnancy, regardless
of its outcome, such as miscarriage or ectopic pregnancy.(11)

Spermatogenesis is a complex process involving the division and differentiation of germ cells,
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which requires intricate communication between these developing germ cells and the somatic cells
within the testes. Disruptions in hormonal signaling or inherent defects within the testes can
negatively impact the progression of spermatogenesis, resulting in subfertility or infertility. In
recent years, male infertility has gained attention as a global public health issue, and extensive
research has shed light on its multifaceted causes. These include congenital reproductive
abnormalities, genetic mutations, and disorders in endocrine or metabolic function, all of which
have been linked to male infertility and subfertility.

Male infertility is a multifaceted condition with various causes, including genetic, environmental,
hormonal, and lifestyle factors (Figure 1). It can be classified into different categories:

e Pre-testicular,

e Testicular, and

e Post-testicular.

Pre-testicular issues involve hormonal imbalances originating from the hypothalamus or pituitary
gland, such as hypogonadotropic hypogonadism (where insufficient gonadotropin production
impairs sperm stimulation) and hyperprolactinemia (where high prolactin levels interfere with
gonadotropin release). Testicular causes include genetic abnormalities (like Klinefelter syndrome or
Y chromosome microdeletions), varicocele (enlarged scrotal veins leading to increased temperature
and oxidative stress), infections (which cause testicular inflammation and scarring), toxic exposure
(to substances like pesticides or heavy metals), and testicular torsion (a twist in the spermatic cord
cutting off blood supply). Post-testicular factors affect sperm transport and ejaculation, including
obstructions in the reproductive ducts, ejaculatory dysfunction (such as retrograde ejaculation), and
antisperm antibodies (which can cause sperm clumping or decreased motility). In some cases, the
cause of infertility is unknown, termed idiopathic infertility. Lifestyle factors, such as obesity,
smoking, alcohol use, and drug use, can also impact sperm production and quality. Additionally,
age-related declines in sperm quality and quantity become more pronounced after age 40,
contributing to infertility.
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Figure 1: Causes of male infertility
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Diagnosis and Assessment:
The diagnosis and assessment of male infertility involve a comprehensive evaluation to identify
underlying causes and determine the most appropriate treatment strategies. The process typically
includes the following steps:

1. Medical History and Physical Examination

« Medical History: Detailed history is obtained, including information about the patient's general
health, sexual history, previous illnesses, surgeries, lifestyle habits (e.g., smoking, alcohol use), and
exposure to environmental toxins.

e Physical Examination: A physical exam focuses on the reproductive system, assessing
testicular size, consistency, and presence of abnormalities such as varicocele. Evaluation of the
penis and scrotum is also conducted to check for signs of infection, trauma, or structural
abnormalities. It includes patient interviews and a physical examination of the genital area, which
encompasses assessing the prostate, anal sphincter tone, and bulbocavernosus reflex.

2. Laboratory Tests

e Semen Analysis: Semen analysis is a fundamental diagnostic procedure used to evaluate male
fertility. This test assesses several critical parameters of the semen, including its volume, sperm
concentration, motility, morphology, and overall quality.(12, 13) These factors provide insight into
the functional capacity of the sperm to fertilize an egg. Typically, semen samples are collected after
a period of 2-5 days of sexual abstinence to ensure the accuracy and consistency of the results.(14)
The analysis can reveal potential issues such as low sperm count, poor motility, or abnormal
morphology, all of which can contribute to infertility.

e Hormonal Assessment: Hormonal evaluation is another essential component of diagnosing
male infertility. Blood tests are conducted to measure the levels of key hormones that regulate
spermatogenesis, the process of sperm production. These hormones include testosterone, luteinizing
hormone (LH), follicle-stimulating hormone (FSH), and prolactin. Each of these hormones plays a
critical role in maintaining the health and functionality of the testes and the overall reproductive
system. Distinguishing between obstructive and non-obstructive infertility is crucial in assessing
male infertility. In cases of obstruction, FSH levels are usually normal, and testicular volume is
standard on both sides. However, it's important to note that 29% of individuals with normal FSH
levels may still experience impaired spermatogenesis or spermatogenic arrest.(15) Abnormal levels
can indicate underlying issues such as hypogonadism, pituitary disorders, or disruptions in the
hormonal axis that may impair sperm production and function.

o Genetic Testing: Genetic testing is often recommended when infertility is suspected to have a
hereditary component. This testing can identify chromosomal abnormalities that might be
responsible for impaired fertility. Karyotyping is conducted for men exhibiting signs of primary
testicular failure and small testes to confirm a clinical diagnosis of Klinefelter's syndrome.
Klinefelter syndrome (47, XXY) is a chromosomal disorder that can significantly impact sperm
production.(16) Additionally, testing for Y chromosome microdeletions is important, as these
deletions can disrupt genes crucial for spermatogenesis.(17) Specific gene mutations, such as those
associated with cystic fibrosis, may also be examined, as they can lead to congenital absence of the
vas deferens or other reproductive anomalies that affect fertility.

A higher incidence of autosomal abnormalities, particularly balanced autosomal translocations, is
associated with defective spermatogenesis. These translocations may be passed on to offspring in an
unbalanced form.(18) Microdeletions in the AZF regions on the long arm of the Y chromosome
have been identified in 3-15% of men with severe primary spermatogenic disorders.(19)

o Antisperm Antibody Testing: Antisperm antibody testing is used to detect the presence of
antibodies in the blood or semen that target sperm cells.(20) Antisperm antibodies (ASA) were first
identified as a cause of male infertility in 1954, and since then, several factors contributing to their
production have been recognized.(21) These antibodies are generated when mature germ cells are
abnormally exposed to the immune system. The WHO manual first described ASA testing methods,
such as the mixed anti-globulin reaction and the immunobead binding test, in its 5th edition, and
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these tests are now included among the extended semen tests in the 6th edition.(21) The link
between ASA and infertility is complex. While sperm agglutination can suggest the presence of
ASA, it is not definitive for diagnosing immunological infertility, as ASA can exist without visible
agglutination. The management of ASA in male infertility is tailored to the underlying cause and
varies based on individual clinical practices. In some cases, the immune system may mistakenly
recognize sperm as foreign invaders and produce antibodies against them. These antibodies can
impair sperm motility, hinder their ability to penetrate the cervical mucus, or cause them to clump
together, thereby reducing their effectiveness in fertilizing an egg. Identifying the presence of these
antibodies can help in diagnosing immunological infertility and guide appropriate treatment
strategies.

o Sperm functional tests: Sperm functional tests are specialized evaluations that go beyond
standard semen analysis to assess the ability of sperm to fertilize an egg. These tests provide critical
insights into various aspects of sperm function, including penetration ability, acrosome reaction,
DNA integrity, membrane functionality, and oxidative stress levels. Key tests include the Sperm
Penetration Assay, Acrosome Reaction Test, Sperm DNA Fragmentation Test, Hypo-Osmotic
Swelling Test, Reactive Oxygen Species Test, Zona Binding Assay, and Sperm Chromatin
Structure Assay, all of which help diagnose potential issues affecting male fertility. The hypo-
osmotic swelling (HOS) test assesses the integrity of the sperm membrane and its viability, while
the acrosomal intactness (Al) test evaluates the acrosome's functionality and its capacity to
penetrate the oocyte. The nuclear chromatin decondensation (NCD) test examines the sperm
chromatin's ability to decondense after fertilization, and the sperm mitochondrial activity index
(SMALI) test detects motility issues and defects in the flagella and mitochondria. Capacitation and
sperm penetration assays are performed when sperm abnormalities are suspected. Inhibin B levels
can provide insights into acrosomal activity, with elevated levels potentially indicating seminiferous
tubule disorders or ductal obstructions that may lead to sperm self-destruction.(22)

3. Imaging and Other Diagnostic Modalities:

Imaging and other diagnostic techniques are crucial in assessing male infertility, offering detailed
insights into the structural and functional aspects of the male reproductive system.(23) These
methods help identify abnormalities or conditions that may contribute to infertility. Commonly used
imaging techniques include scrotal ultrasound, which evaluates the testes and surrounding structures
for issues such as varicoceles or testicular masses, and transrectal ultrasound (TRUS), which
assesses the prostate and seminal vesicles for obstructions or abnormalities.(24, 25)
Ultrasonography is valuable for detecting testicular tumors, especially in cases where the testes are
challenging to palpate due to a tense hydrocele. In more complex cases, magnetic resonance
imaging (MRI) provides detailed images of the reproductive organs. Additionally, testicular biopsy
is employed to examine sperm production on a microscopic level, and vasography assesses the vas
deferens for potential blockages. When combined with clinical evaluations and laboratory tests,
these diagnostic tools offer a comprehensive approach to diagnosing and treating male infertility.

The Role of Advanced Techniques in Male Infertility Evaluation:

Advanced techniques such as sperm DNA fragmentation and oxidative stress assessment play a
pivotal role in the comprehensive evaluation of male fertility. Sperm DNA fragmentation tests are
designed to measure the degree of DNA damage within sperm cells, a critical factor that can
influence fertilization outcomes, embryo development, and the success rates of pregnancy.(26) High
levels of DNA fragmentation are often linked to recurrent miscarriages and failed IVF cycles,
making this assessment vital in identifying underlying issues that may not be apparent in standard
semen analysis.

In addition to DNA fragmentation, oxidative stress assessment is another crucial advanced
technique. This involves quantifying the levels of reactive oxygen species (ROS) within semen, as
excessive ROS can lead to oxidative damage in sperm cells.(27) Such damage can negatively affect
sperm motility, morphology, and overall viability, contributing to male infertility. Elevated
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oxidative stress is recognized as a significant factor in male reproductive dysfunction, and its
evaluation is essential for diagnosing and managing fertility issues that might otherwise go
undetected.

Medical Approaches:

Pharmacological Treatments in Male Infertility:

Hormonal therapy is a key pharmacological treatment for male infertility, especially when
hormonal imbalances are present. Medications such as Clomiphene citrate, human chorionic
gonadotropin (hCG), and follicle-stimulating hormone (FSH) are commonly used to address these
imbalances. Clomiphene citrate, an oral drug, boosts gonadotropin production, increasing
testosterone levels and supporting sperm production. hCG and FSH are administered via injections
to directly stimulate sperm and testosterone production in the testes, particularly in cases of
hypogonadotropic hypogonadism. Additionally, antioxidants and nutraceuticals play a role in
mitigating oxidative stress, which can damage sperm DNA and reduce sperm quality. Supplements
such as vitamins C and E, coenzyme Q10, selenium, and zinc protect sperm from oxidative damage,
making them a vital component of strategies to improve sperm health. Combined, these treatments
enhance sperm production and quality, significantly improving male fertility outcomes. To lower
oxidative stress in infertile men, a variety of enzymatic and non-enzymatic antioxidants are
employed to reduce reactive oxygen species (ROS) production. Glutathione peroxidase (GP) is a
key component in the seminal enzymatic antioxidant system, working to reduce hydroperoxides
through glutathione. This enzyme helps defend against oxidative damage; however, inhibiting it
with mercaptosuccinate increases sperm lipid peroxidation, highlighting its critical role in
protecting sperm.

Vitamin E, a lipid-soluble vitamin, enhances sperm motility by reducing malondialdehyde
levels.(28) Carnitine supports sperm energy and motility by aiding fatty acid transport and reducing
oxidation in mitochondria. Selenium is crucial for spermatogenesis, testicular development, and
sperm motility while protecting sperm DNA from oxidative damage.(29) Low levels of CoQ-10 and
ubiquinol in sperm and seminal plasma are linked to infertility; CoQ-10 supplements can improve
sperm motility by reducing hydrogen peroxide.(30) Zinc is essential for sperm motility and semen
concentration, stabilizing sperm cell membranes and chromatin.(31)

Role of Assisted Reproductive Technologies (ART):

Male infertility can be addressed through assisted reproductive technologies (ART) such as
Intracytoplasmic Sperm Injection (ICSI), In Vitro Fertilization (IVF), and Intrauterine Insemination
(IUI). Among these, ICSI is often the preferred method at most ART centers. In ICSI, oocytes at the
metaphase-11 stage are prepared by removing the corona radiata and cumulus cells with
hyaluronidase. A single sperm, collected from the epididymis, ejaculate, or testis, is then injected
into the oocyte's cytoplasm using a micropipette, while the oocyte is immobilized under oil. This
injection process activates the oocyte and enhances fertilization, with sperm tail immobilization
facilitated by positioning the micropipette and petri dish to prevent tail movement.(32) Ul involves
depositing sperm directly into the uterus during ovulation to enhance fertilization chances,
particularly helpful for issues like low sperm motility, low sperm count, unexplained infertility, or
cervical factors. IUI is a relatively simple and minimally invasive procedure that can be combined
with ovarian stimulation to boost success rates.

In vitro fertilization (IVF) involves retrieving multiple mature eggs from a woman, fertilizing them
with a man's sperm in a laboratory, and then implanting the resulting embryos into the uterus after
three to five days.(33) In zygote intra-fallopian transfer (ZIFT), the fertilized egg is placed directly
into the fallopian tube, while in gamete intra-fallopian transfer (GIFT), sperm and eggs are mixed
and introduced into the fallopian tube for fertilization. Intracytoplasmic sperm injection (ICSI), an
advanced ART technique, involves injecting a single sperm directly into an egg using a microscope
and micropipette, with the fertilized eggs then implanted into the uterus. IVF with ICSI has been
shown to improve fertility outcomes, though further research is needed to assess potential risks to
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offspring.(32)

Surgical Approaches:

Varicocele repair addresses varicoceles, which can affect sperm production and lead to
infertility.(34) It involves techniques such as microsurgical varicocelectomy, which uses high
magnification to carefully ligate affected veins, and laparoscopic surgery, which offers a minimally
invasive approach through smaller incisions.(35) Both methods aim to alleviate scrotal vein
pressure and improve sperm quality, with high success rates and notable improvements in semen
parameters. Sperm retrieval technigques are used when sperm is absent from the ejaculate but can be
extracted directly from the reproductive tract. Methods include percutaneous epididymal sperm
aspiration (PESA), which uses a needle to extract sperm from the epididymis, and testicular sperm
extraction (TESE), which involves surgically removing testicular tissue.(36-38) Micro-TESE, a
more advanced technique, utilizes microscopic methods to locate and extract sperm from testicular
tissue.(39) Vasectomy reversal aims to restore fertility in men who have undergone vasectomy by
reconnecting the severed vas deferens (vasovasostomy) or addressing blockages at the epididymal
end (vasoepididymostomy).(40) Management of obstructive azoospermia involves surgical
correction of ductal obstructions, such as transurethral resection of the ejaculatory ducts (TURED),
to restore sperm flow and enhance the chances of natural conception or successful sperm retrieval
for ART.

Comparative Analysis of Medical vs. Surgical Approaches

Indications for Each Approach: Medical approaches are typically indicated for cases where
infertility is due to hormonal imbalances or oxidative stress. Hormonal therapies are used when
deficiencies or imbalances in reproductive hormones are identified, while antioxidants address
oxidative damage to sperm.(41) Surgical approaches, on the other hand, are generally indicated for
structural issues or blockages, such as varicoceles, obstructive azoospermia, or complications
following vasectomy.(42, 43) Procedures like varicocele repair or sperm retrieval techniques are
performed when physical abnormalities impact fertility.

Success Rates and Outcomes: The effectiveness of medical and surgical approaches can vary in
the short-term and long-term. Medical treatments like hormonal therapy and antioxidant
supplements may show improvements in semen parameters and fertility potential relatively quickly,
but long-term success often depends on continuous management and addressing underlying causes.
Surgical interventions, such as varicocele repair or sperm retrieval techniques, often provide more
immediate results with significant improvements in fertility outcomes. However, the long-term
effectiveness of surgery can be influenced by factors such as the underlying condition, the success
of the procedure, and post-operative recovery. Both approaches have their roles, and their success
rates can be complementary depending on the specific infertility issues being addressed.

Risks and Complications: Medical treatments may lead to side effects like hormonal imbalances,
mood swings, or gastrointestinal problems due to medications. While antioxidant supplements are
usually well-tolerated, they can occasionally trigger allergic reactions or interact with other drugs.
Surgical options, although often effective, come with risks such as infection, bleeding, or
anesthesia-related complications. Recovery periods can differ, with some procedures needing
extended post-operative care and lifestyle changes. Assessing these risks and side effects is essential
for choosing the most suitable method for addressing male infertility.

Emerging Treatments and Future Directions

Gene therapy targets genetic causes of male infertility by correcting defective genes, using methods
like CRISPR-Cas9 to potentially restore sperm production. Stem cell therapy seeks to regenerate
sperm-producing tissues, using testicular or pluripotent stem cells to create sperm, though it remains
experimental. Innovations in ART improve success rates with better sperm selection and enhanced
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IVF/ICSI techniques, such as microfluidic sorting and advanced embryo monitoring. Personalized
medicine customizes treatments based on genetic profiles, hormones, and lifestyle factors, aiming to
enhance treatment effectiveness and outcomes in male infertility.

Conclusion: This review of medical and surgical approaches to male infertility highlights the
multifaceted nature of the condition and the diverse strategies available for its management.
Medical treatments, including hormonal therapies, lifestyle modifications, and advanced techniques
like sperm DNA fragmentation analysis and oxidative stress assessment, have shown promising
results in addressing various causes of male infertility. Similarly, surgical interventions, such as
varicocelectomy and corrective procedures for anatomical abnormalities, offer significant benefits
for improving fertility outcomes in specific cases.

The integration of emerging treatments, such as gene therapy and stem cell therapy, alongside
innovations in assisted reproductive technologies (ART) and personalized medicine, represents a
forward-looking approach in managing male infertility. These advancements hold the potential to
offer more targeted and effective solutions, tailored to individual patient profiles.

Overall, while significant progress has been made, continued research and clinical trials are
essential to refine these approaches and improve their efficacy. By combining established
treatments with emerging technologies and personalized care, the field of male infertility stands
poised to offer new hope and enhanced outcomes for affected individuals and couples.
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