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Introduction 

Infertility is defined clinically as the inability to achieve pregnancy after 12 months of regular, unprotected intercourse (in women under 

35; after 6 months if age ≥35). It is a common condition, affecting an estimated 1 in 6 people of reproductive age worldwide. In fact, 

the World Health Organization reported in 2023 that approximately 17.5% of the global adult population experiences infertility at 

some point, underscoring the substantial public health impact. Infertility can arise from a variety of causes involving the female partner, 

male partner, or both. Roughly one-third of cases are due to female factors, one-third due to male factors, and the remaining third involve 

combined causes or are unexplained. The management of infertility has evolved rapidly over the past few decades with advances in 

assisted reproductive technologies (ART), improved diagnostic tools, and novel treatment approaches. This article will review the latest 

developments in infertility management in a structured manner, covering background and causes, pathophysiology, diagnostic 

evaluation, current management strategies, recent innovations (including cutting-edge technologies and clinical trial insights), 

illustrative case examples, and a forward-looking conclusion. The focus is on evidence-based practices and emerging therapies relevant 

to clinicians and fertility specialists. 

Background 

Infertility is a multifactorial condition with numerous potential etiologies. In women, common causes include ovulatory dysfunction 

(such as polycystic ovary syndrome), tubal factor (often due to pelvic inflammatory disease or endometriosis causing tubal blockage or 

adhesions), uterine factor (fibroids, intrauterine adhesions, congenital anomalies), and age-related decline in oocyte quantity/quality. In 

men, infertility may result from primary testicular failure (abnormal spermatogenesis as seen in varicocele or idiopathic causes), 

obstructive azoospermia (blockage in the ductal system), or other issues like ejaculatory dysfunction or endocrinopathies. Lifestyle and 

environmental factors contribute as well; for instance, smoking, excessive alcohol, obesity, and exposure to toxins can impair fertility 

in both sexes. Often, multiple factors co-exist. About 15% of couples have unexplained infertility, where standard evaluations find no 

clear cause. 

It is important to note the influence of female age. Women’s fertility peaks in the 20s and then gradually declines, with a more rapid 

drop after age 35. By age 40, natural fecundity is markedly reduced – one study found that the chance of having a live birth within one 

year is ~44% at age 40, compared to ~75% at age 30. This age-related decline is primarily due to a decrease in ovarian reserve (quantity 

of oocytes) and oocyte quality (higher rates of chromosomal abnormalities). Men’s fertility also diminishes with age, though generally 

later and more gradually than in women. 

Over the last several decades, there have been major milestones in infertility treatment. The birth of the first baby from in vitro 

fertilization (IVF) in 1978 revolutionized the field by making it possible to bypass certain infertility factors (like tubal blockage). In 

1992, the development of intracytoplasmic sperm injection (ICSI) enabled men with very low or even negligible sperm counts to father 

biological children by directly injecting a single sperm into an egg. More recently, techniques such as preimplantation genetic testing of 

embryos, oocyte vitrification (egg freezing), and advances in minimally invasive surgery have expanded the toolkit for managing 
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infertility. The background of infertility management is thus one of continuous innovation built atop core principles of reproductive 

physiology. 

Pathophysiology 

The pathophysiology of infertility depends on the specific etiologies involved: 

● Ovulatory Disorders: In conditions like polycystic ovary syndrome (PCOS), a common cause of anovulation, the 

hypothalamic-pituitary-ovarian axis is dysregulated. High luteinizing hormone (LH) and insulin resistance contribute to excess 

androgen production by ovaries, preventing normal follicular maturation and ovulation. Other ovulatory issues include 

hypothalamic amenorrhea (insufficient GnRH from stress, low weight, etc.) leading to low gonadotropins, or ovarian failure 

(primary ovarian insufficiency) where follicles are depleted or unresponsive, as can occur prematurely or as part of natural 

aging. 

 

● Tubal and Peritoneal Factor: Damage to the fallopian tubes from infection (e.g., chlamydial salpingitis) or surgery can cause 

scarring or obstruction, preventing the sperm and egg from meeting. Endometriosis can trigger pelvic inflammation and 

adhesions, as well as deposits of endometriotic tissue that impair tubal motility and ovarian function. The peritoneal 

environment in endometriosis has elevated inflammatory cytokines that may be toxic to gametes or embryos, contributing to 

subfertility even when tubes appear open. 

 

● Male Factor: Impaired spermatogenesis in the testes (e.g., due to varicocele, Y-chromosome microdeletions, or toxins) leads 

to low sperm count or poor sperm motility/morphology. In obstructive azoospermia, sperm production may be normal, but an 

obstruction in the epididymis or vas deferens (such as after infection or vasectomy) prevents ejaculation of sperm. Hormonal 

deficiencies (hypogonadotropic hypogonadism) or sexual dysfunction (erectile or ejaculatory) also underlie some male 

infertility cases. A key pathophysiological marker for male factor is abnormal semen analysis – for example, a low 

concentration of motile, morphologically normal sperm. 

 

● Uterine Factor: Fibroids (leiomyomas) that distort the uterine cavity can interfere with embryo implantation or cause 

miscarriage. Intrauterine synechiae (Asherman’s syndrome) likewise impedes implantation. Congenital müllerian anomalies 

(like a septate uterus) can contribute to infertility or pregnancy loss by adversely affecting the uterine environment. The 

pathophysiology here often relates to reduced endometrial receptivity or abnormal uterine contractility. 

 

● Cervical Factor: Less common, but abnormalities of cervical mucus (due to infections or anti-sperm antibodies) can hinder 

sperm penetration through the cervix. Cervical stenosis (from surgical procedures or congenital) can also present a barrier. 

 

● Unexplained Infertility: In about 10–15% of couples, standard workups find no obvious cause. Subtle factors are suspected, 

such as mild endometrial receptivity issues, subtle sperm dysfunction not detected in routine semen analysis (e.g., DNA 

fragmentation), or failed timing despite normal parameters. Unexplained cases might involve occult pathophysiology like 

reduced fertilization competence of gametes or impaired ciliary action in the tubes. 

 

Understanding the underlying pathophysiology helps guide targeted therapy. For example, ovulation induction treats ovulatory 

dysfunction, surgical repair can address some tubal or uterine issues, and ART techniques can overcome barriers by bypassing normal 

physiological processes (e.g., IVF bypasses tubal function, ICSI bypasses natural sperm selection and penetration). 

Diagnostics 

A thorough but efficient diagnostic evaluation is crucial in infertility management. The goal is to identify all relevant factors within a 

reasonable timeframe, as infertility evaluation and treatment can be time-sensitive, especially for older couples. 
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Initial Assessment: Both partners should be evaluated in parallel. A detailed medical, reproductive, and lifestyle history is obtained. In 

women, this includes menstrual history (regularity indicating ovulation or not), past pregnancies or miscarriages, pelvic pain (suggestive 

of endometriosis), surgeries or infections, and hormonal symptoms. In men, history covers prior paternity, childhood illnesses (like 

cryptorchidism), surgeries (e.g., hernia repair), medications, and sexual function. Lifestyle factors (smoking, weight, exercise, 

occupational exposures) are assessed for both. 

Female Evaluation: Key components include: 

● Ovulation Confirmation: Evidence of regular cyclic ovulation can be gathered by menstrual pattern and supported by tests 

such as mid-luteal serum progesterone or home ovulation kits (LH surge kits). If anovulation is suspected, labs may be drawn: 

thyroid function (TSH), prolactin, and markers for PCOS (androgens, insulin), as well as FSH/E2 and anti-Müllerian hormone 

(AMH) to assess ovarian reserve if indicated. AMH has become a widely used blood test that correlates with the ovarian follicle 

count and thus ovarian reserve – low AMH or high day-3 FSH suggests diminished ovarian reserve. 

 

● Imaging of Uterus/Ovaries: A transvaginal ultrasound is typically performed to look for uterine abnormalities (fibroids, 

congenital anomalies) and to assess ovarian anatomy (polycystic ovarian morphology, ovarian reserve via antral follicle count). 

 

● Tubal Patency Test: At least one test of tubal patency is done, often a hysterosalpingography (HSG), where radio-opaque dye 

is injected through the cervix and X-ray fluoroscopy tracks its flow through the tubes and into the peritoneal cavity. Spill of 

dye confirms open tubes. Alternatively, a sonohysterosalpingography using contrast ultrasound or a laparoscopy with 

chromotubation (dye test) can evaluate tubes. 

 

● Uterine Cavity Assessment: HSG also outlines the cavity and can detect a uterine septum or significant adhesions. A 

diagnostic hysteroscopy is sometimes employed to directly visualize the endometrial cavity and correct issues concurrently. 

Saline infusion sonography (sonohysterogram) is another office test to check for polyps or fibroids. 

 

● Hormonal and Other Labs: Depending on the case, testing for ovarian reserve (AMH, FSH), thyroid function, prolactin, and 

androgens as mentioned. If premature ovarian insufficiency is suspected in a young woman (e.g., very high FSH, absent 

menses), karyotype or Fragile X premutation testing may be done. 

 

Male Evaluation: The cornerstone is a semen analysis, ideally performed after 2–5 days of abstinence. This assesses semen volume, 

sperm concentration, motility (the percentage moving), morphology (percentage of normal-shaped sperm), and other parameters. A 

normal semen analysis according to WHO criteria provides reassurance, although it does not guarantee fertility. If abnormalities are 

found, repeat testing is done to confirm, since sperm parameters can fluctuate. For significant male factor findings (low count or 

azoospermia), a referral to a urologist or male fertility specialist is indicated for further evaluation. This may include: 

● Hormonal tests (FSH, testosterone, others) to distinguish testicular failure (where FSH is high) from hypogonadotropic 

hypogonadism (low FSH, often treatable). 

 

● Genetic tests: Karyotype and Y-chromosome microdeletion testing for non-obstructive azoospermia or severe oligospermia; 

cystic fibrosis gene mutation testing if congenital bilateral absence of the vas deferens (CBAVD) is suspected. 

 

● Physical exam: to detect varicocele (enlarged veins in scrotum), absence of vas deferens, testicular size, etc. 

 

● Imaging: Scrotal ultrasound if a mass or obstruction is suspected. 

 Often the cause of male infertility can be identified through these means (e.g., varicocele, hypogonadism, obstruction). In cases 

of obstructive azoospermia, the ducts may be surgically reconstructed in some instances, or sperm can be retrieved directly 

from the testes/epididymis for use in IVF with ICSI. 
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Couple Assessment: Certain tests involve both partners. Postcoital testing of cervical mucus (to see if sperm are surviving in mucus) 

was historically used but is no longer common due to poor predictive value. Testing for antisperm antibodies is also infrequently done, 

as treatment for that is typically ICSI regardless. Genetic screening for both partners might be considered (carrier screening for 

inheritable diseases) as part of preconception planning, though not specific to the infertility diagnosis. 

The diagnostic workup should be tailored; for example, in a young woman with obvious anovulation and a normal uterus/ovaries on 

ultrasound, one might treat the anovulation directly without invasive tubal testing initially, unless risk factors for tubal disease exist. 

Conversely, an older couple or those with multiple factors may benefit from expeditious evaluation and proceeding to advanced 

treatments sooner. According to practice guidelines, the basic infertility evaluation can often be completed within 3 months. Prompt 

referral to a reproductive endocrinologist is recommended for complex cases or if initial treatments fail. 

Management Strategies 

Management of infertility is cause-specific and often progresses from simpler, low-tech interventions to more advanced assisted 

reproductive technologies if needed. A key principle is shared decision-making with the couple, considering their goals, the female 

partner’s age, duration of infertility, and resource availability. 

General Measures: Regardless of specific cause, all couples are counseled on lifestyle optimization. This includes achieving a healthy 

BMI (weight loss in overweight individuals with PCOS can restore ovulation), quitting smoking (which accelerates ovarian aging and 

reduces sperm quality), limiting alcohol, and taking prenatal vitamins (folic acid to prevent neural tube defects). Managing stress and 

setting realistic expectations is also important, as infertility can be emotionally challenging. 

Ovulation Induction for Anovulation: For women who are not ovulating regularly (such as those with PCOS), first-line therapy is 

ovulation induction. Medications like clomiphene citrate or letrozole are administered early in the cycle to stimulate development of a 

follicle. Letrozole, an aromatase inhibitor, has emerged as an especially effective and now preferred first-line agent for ovulation 

induction in PCOS, as studies have shown higher ovulation and live birth rates with letrozole compared to clomiphene. Letrozole works 

by reducing estrogen feedback, thus increasing FSH release. Clomiphene, a selective estrogen receptor modulator, has a similar effect 

via anti-estrogen action on the hypothalamus. Both are given for ~5 days in the follicular phase, and ovulation success is monitored by 

ultrasound or mid-cycle LH kits. In cases where oral agents fail, gonadotropins (injectable FSH +/- LH) can be used to stimulate the 

ovaries, but these carry higher risks of multiple gestation and ovarian hyperstimulation syndrome (OHSS). For women with 

hypothalamic amenorrhea, pulsatile GnRH therapy can induce ovulation. If hyperprolactinemia is present, a dopamine agonist 

(bromocriptine or cabergoline) is used to restore ovulation. Overall, for isolated ovulatory disorders, ovulation induction with timed 

intercourse is often the appropriate initial treatment and can achieve pregnancy in a significant proportion of cases. 

Intrauterine Insemination (IUI): IUI is a relatively simple assisted reproduction technique in which processed sperm (concentrated, 

motile fraction) are placed directly into the uterus around the time of ovulation. IUI is commonly combined with ovulation induction or 

ovarian stimulation (“controlled ovarian stimulation”) in cases of unexplained infertility, mild male factor (borderline low 

count/motility), or cervical factor issues. The rationale is that IUI increases the density of sperm reaching the fallopian tubes and bypasses 

hostile cervical mucus. Typical protocols involve oral ovulation induction (letrozole or clomiphene) or low-dose gonadotropins to recruit 

1–3 follicles, then triggering ovulation with hCG and performing IUI 24–36 hours later. Success rates per cycle vary (roughly 10-15% 

per try on average, higher if multiple follicles), and most pregnancies occur within the first 3-4 IUI cycles if it’s going to work. Guidelines 

often recommend about three cycles of IUI for unexplained or mild male factor infertility before moving to IVF if unsuccessful. IUI is 

less effective for more severe male factors or long-standing infertility in older women. 

In Vitro Fertilization (IVF): IVF is the process of fertilization outside the body, and it represents the cornerstone of advanced fertility 

treatment. The basic steps of IVF are: controlled ovarian hyperstimulation to retrieve multiple eggs, retrieval of oocytes transvaginally, 

fertilization of eggs with sperm in the laboratory, culture of embryos, and transfer of one or more embryos into the uterus. Indications 

for IVF include tubal factor infertility (e.g., both tubes blocked – IVF bypasses the tubes), severe male factor (especially requiring 

ICSI), endometriosis that has not responded to simpler treatment, failed lesser treatments, or advanced maternal age where time is of 

the essence. In fact, for women age ≥38-40, some experts advocate considering IVF as a first-line therapy rather than spending many 

months on low-yield interventions. IVF success rates vary primarily by female age and embryo quality. Generally, live birth rates per 
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cycle are highest in women under 35 (often 40–50% per transfer of a blastocyst embryo) and decline with age (under 10% by mid-40s 

due to egg aneuploidy). IVF has enabled millions of couples to have children, and ongoing refinements continue to improve outcomes. 

It also allows for embryo cryopreservation, so multiple embryos can be created in one IVF stimulation and extra embryos frozen for 

future attempts or siblings. 

A significant extension of IVF is Intracytoplasmic Sperm Injection (ICSI), which is used in most cases of moderate to severe male 

infertility. In ICSI, an embryologist injects a single sperm directly into the cytoplasm of an egg (Figure 2). This bypasses the need for 

the sperm to penetrate the egg on its own and has made it possible for men with very low counts or non-motile sperm to achieve 

fertilization. The first ICSI baby was born in 1992, and it is now used in ~70% of IVF cycles in some regions, not only for male factor 

but sometimes electively to maximize fertilization or if doing genetic testing on embryos. While generally safe, ICSI does carry a slightly 

higher risk of certain imprinting disorders and is usually reserved for clear indications. 

Figure 2: Overview of an IVF with ICSI process. Eggs are retrieved and fertilized in the laboratory. In intracytoplasmic sperm injection 

(ICSI), a single sperm is injected into each mature egg (right panels) to enable fertilization in cases of male infertility. Resulting embryos 

are then transferred to the uterus to implant and grow (lower left). 

Management of Specific Etiologies: 

● Tubal obstruction: If only one fallopian tube is blocked and the other is open, one can attempt natural conception or IUI using 

the open side (since ovulation alternates). If both tubes are blocked (especially proximally), options include surgical 

recanalization (e.g., for proximal blockage due to mucus plugs or mild adhesions, potentially addressed via hysteroscopic tubal 

cannulation) or proceeding directly to IVF. For distal tubal blockage (hydrosalpinx), removal of the affected tube or at least 

surgical correction is recommended prior to IVF because hydrosalpinges can reduce IVF success by causing fluid reflux that 

is embryo-toxic. Tubal reconstructive surgery (e.g., microsurgical tubal reanastomosis) can be considered in younger women 

with limited damage or for reversal of sterilization, but IVF has largely become the more common solution for significant tubal 

disease given its higher success in many cases. 

 

● Endometriosis: Mild endometriosis without tubal damage can still allow natural conception or IUI; often ovulation induction 

+ IUI is tried for a few cycles. In moderate to severe endometriosis, surgical treatment (laparoscopic excision of endometriotic 

implants and cysts) can improve fertility by restoring normal pelvic anatomy. Following surgery, if pregnancy does not occur, 

IVF is usually effective. There's evidence that for advanced endometriosis, going straight to IVF may be the most time-efficient 

approach, especially if the patient is older. Medical treatments for endometriosis (like GnRH agonists) can relieve pain but do 

not improve fertility on their own (since they prevent ovulation while in use). 

 

● Male factor: When mild (slightly low count or motility), IUI with washed concentrated sperm can be tried. For moderate to 

severe male factor (e.g., count <5 million/mL, very poor motility, or any case of azoospermia requiring sperm retrieval), IVF 

with ICSI is indicated. Men with hypogonadotropic hypogonadism can be treated with gonadotropin injections (hCG and FSH) 

to induce spermatogenesis, which may restore fertility without ART if successful. Men with obstructive azoospermia (like 

vasectomy) can undergo surgical sperm retrieval (TESA, MESA) and ICSI or attempt microsurgical vasectomy reversal if 

appropriate. Advances in surgical sperm retrieval, such as micro-TESE (microscopic testicular sperm extraction), have 

improved the ability to find sperm in men with non-obstructive azoospermia by carefully searching testicular tissue for focal 

areas of spermatogenesis. 

 

● Unexplained infertility: This category often follows a stepped approach. Empiric ovulation induction with IUI is a common 

first-line treatment, based on the idea that some unexplained cases may benefit from enhanced ovarian output and better timing. 

If a woman with unexplained infertility is <35, clinicians might try 3–6 cycles of IUI with ovarian stimulation. If unsuccessful 

or if the woman is older, moving to IVF is recommended. Notably, studies (like the FASTT trial) have shown that an aggressive 

approach moving to IVF after a few failed IUIs yields higher cumulative pregnancy rates in unexplained infertility, particularly 

for women over 35. IVF also has diagnostic value in unexplained cases by revealing if fertilization is occurring properly and 

allowing selection of embryos. 
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● Uterine factor: If fibroids or polyps are present and encroach on the uterine cavity (submucosal fibroids or large intramurals 

deforming the cavity), surgical removal (hysteroscopic resection for submucosal, myomectomy for others) is often indicated 

to improve fertility outcomes. Intrauterine adhesions are treated with hysteroscopic adhesiolysis. Uterine septum, if identified, 

should be surgically removed because it’s associated with miscarriage. These surgical corrections can significantly improve 

pregnancy rates and are a mainstay of managing anatomic infertility. In cases of absolutely uncorrectable uterine factor (for 

instance, severe Asherman’s unresponsive to treatment or congenital absence of the uterus), the option for the woman to carry 

a pregnancy may be a uterine transplant (an experimental but growing procedure) or surrogacy (using a gestational carrier). 

Uterus transplantation has now resulted in over 40 live births worldwide, offering hope for women with uterine-factor infertility 

who desire to gestate, but it remains complex and not widely available. 

 

Duration of Treatment: It is important to balance persistence with a given treatment versus moving on to the next. For example, if 

ovulation induction in a woman with PCOS is successful in inducing ovulation, one might try up to 6 ovulatory cycles on medication 

before considering stepping up to IUI or IVF, provided she’s young and other factors are normal. In contrast, an older couple or someone 

with multiple factors may go to IVF sooner. Clinical guidelines and the couple’s preferences help determine this progression. 

Supportive Therapies: In conjunction with core treatments, various adjuncts may be used. For instance, luteal phase support with 

progesterone supplementation is routine in IVF cycles to support implantation. Low-dose aspirin or heparin is sometimes empirically 

given in recurrent implantation failure or in certain thrombophilias, though evidence is mixed. Treatment of any underlying conditions 

(thyroid disorders, poorly controlled diabetes, etc.) is essential for optimizing outcomes. 

The management strategies should be individualized, but overall they follow an escalation: from lifestyle optimization and timed 

intercourse, to ovulation induction (with or without IUI), to IVF/ICSI, and finally to third-party reproduction options (donor sperm, 

donor eggs, gestational carriers) if needed. Notably, use of donor oocytes is a highly effective treatment for age-related infertility or 

ovarian failure – even women in their 40s or early 50s can often achieve high pregnancy rates with the transfer of embryos from a young 

egg donor. This, however, moves beyond treating the patient’s infertility with her own gametes and into the realm of third-party ART. 

Innovations in Assisted Reproduction and Emerging Therapies 

The field of infertility management is continually advancing. In recent years, a number of innovations have emerged, aiming to improve 

success rates, reduce burdens on patients, and expand possibilities for those who previously had no options. Below we discuss some of 

the latest developments and research frontiers in infertility treatment: 

Personalized Ovarian Stimulation Protocols: Ovarian stimulation in IVF is being refined to be more individualized based on a 

patient’s ovarian reserve and response predictors. For example, clinicians now often use AMH and antral follicle count to choose the 

starting dose of gonadotropins and protocol (antagonist vs long agonist) to optimize egg yield while minimizing OHSS risk. Mild 

stimulation protocols (using lower doses or oral agents) are being explored for certain patients to reduce cost and discomfort while still 

achieving reasonable success. There’s also interest in dual stimulation (stimulation in the follicular and luteal phase of the same cycle) 

for poor responders to quickly accumulate more eggs in a short time frame, an approach called “DuoStim” that some studies have shown 

can double the number of embryos obtained in one menstrual cycle. 

Time-Lapse Embryo Imaging and AI in Embryology: In IVF labs, incubators with time-lapse imaging (morphokinetic monitoring) 

allow continuous observation of embryo development without removing embryos from the stable environment. This technology 

generates massive data on cleavage patterns and timing of developmental milestones. Algorithms can then be applied to predict which 

embryos have the highest implantation potential. More recently, artificial intelligence (AI) and machine learning models are being 

developed to grade embryos objectively by analyzing images and patterns. Early studies suggest AI-based scoring might improve 

embryo selection, potentially leading to higher success rates and more single embryo transfers (thus reducing twins). Though still in 

refinement, AI in IVF is a hot area of innovation and multiple AI-driven embryo selection tools have come to market. Similarly, AI is 

being used to optimize stimulation protocols and even to analyze semen parameters at a level beyond human capability. These 

technologies hold promise for making ART more efficient and personalized. 
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Preimplantation Genetic Testing (PGT): The ability to biopsy embryos and test them for genetic abnormalities before transfer has 

advanced significantly. Preimplantation genetic testing for aneuploidy (PGT-A) can screen IVF embryos for chromosomal euploidy, 

increasing the likelihood of transferring a genetically normal embryo. While PGT-A is somewhat controversial – as some randomized 

trials have not shown a clear live birth benefit in younger women – it may be beneficial for older women or those with recurrent 

miscarriage by reducing the chance of aneuploid implantation. It also facilitates single embryo transfer by providing confidence that the 

embryo is chromosomally normal. Additionally, PGT-M (testing for specific monogenic diseases) allows couples with genetic disorders 

to avoid passing them on by selecting unaffected embryos. The latest innovations in PGT include noninvasive approaches (testing DNA 

secreted into the culture medium, so no biopsy needed) and mosaicism assessment (dealing with embryos that have both normal and 

abnormal cells). As genetic testing technology becomes more precise, we can expect its integration into infertility care to grow, always 

balanced by ethical considerations. 

Fertility Preservation and Egg Freezing: Vitrification (ultra-rapid cryopreservation) of oocytes has improved to the point that egg 

freezing is now an established option for fertility preservation. Women who must undergo gonadotoxic treatments (like chemotherapy 

for cancer) can have eggs or ovarian tissue frozen beforehand. Furthermore, elective egg freezing has become a trend for women wishing 

to defer childbearing – essentially an “innovation” in life planning influenced by technology. Clinics are seeing more patients in their 

20s–30s freezing eggs for future use. The success of using frozen eggs (in terms of resulting live birth) now approaches that of fresh 

eggs, especially when vitrified at younger ages. 

Uterus Transplantation: An exciting development for uterine-factor infertility (women without a functional uterus) is uterus 

transplantation. Since the first successful uterine transplant resulting in birth in 2014 (in Sweden), dozens of such transplants have been 

performed worldwide, and over 40 healthy babies have been born to women with transplanted uteri. Most recipients are women with 

congenital absence of the uterus (Mayer-Rokitansky-Küster-Hauser syndrome) or those who lost their uterus (e.g., to cancer). The 

procedure involves IVF to create embryos (since the recipient’s ovaries are functional, eggs are harvested), surgical transplant of a uterus 

from a donor (living or deceased), and after healing, embryo transfer into the new uterus. Immunosuppressive drugs are required to 

prevent rejection. Uterus transplantation is still experimental and costly, but it offers a path to genetic motherhood for women who 

would otherwise require a gestational carrier. As techniques improve (e.g., using minimally invasive surgery for donors, reducing 

immunosuppression), it may become more available. The largest U.S. series reported 19 live births out of 33 transplants by 2021, and 

continued success is being reported as protocols are refined. This is a remarkable innovation at the intersection of transplant surgery and 

reproductive medicine. 

Low-Cost and Accessible ART: An important area of innovation is making infertility treatment more accessible globally. Researchers 

have developed simplified IVF protocols aimed at low-resource settings – for example, IVF using minimal monitoring and inexpensive 

culture systems (including potentially in vitro fertilization in modified nutrient solutions without high-end incubators). One such 

approach is termed “IVM” (in vitro maturation) where immature eggs are retrieved without heavy stimulation and then matured in the 

lab, reducing medication costs. Another is a simplified culture device that can be used without sophisticated lab infrastructure. A 2021 

initiative by WHO has emphasized developing low-cost IVF to help address infertility in developing countries, where advanced fertility 

services are often scarce. Early trials of a low-cost IVF system have shown encouraging results, potentially offering safe and effective 

treatment at a fraction of conventional IVF cost. These innovations, while not headline-grabbing like AI or genetics, could have a 

massive impact on the global scale by democratizing access to infertility care. 

Stem Cells and Regenerative Medicine: A futuristic avenue of research is the prospect of creating gametes from stem cells – so-called 

in vitro gametogenesis (IVG). Scientists have already achieved IVG in mice: skin cells reprogrammed into induced pluripotent stem 

cells, then into functional eggs that produced healthy offspring. Recent breakthroughs by research groups (e.g., in 2023 at OHSU) 

demonstrated preliminary steps of turning human skin cells into ovarian follicles in vitro. The implication is that someday it may be 

possible for individuals who lack viable eggs or sperm (due to age or other reasons) to have new gametes made from their somatic cells. 

This could even allow same-sex male couples to have a child genetically related to both (using one partner’s cell to make an “egg”). 

While IVG in humans is still in early experimental phases and not yet near clinical use, it is a cutting-edge research frontier that could 

transform infertility treatment in the future. Ethical and safety issues abound, and any application is likely years away, but the progress 

in animal models is fascinating and being closely watched. 
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“Three-Parent Baby” – Mitochondrial Replacement: Mitochondrial DNA disorders can be lethal, and one innovative solution that 

has crossed over into infertility treatment is mitochondrial replacement therapy, often dubbed “three-parent IVF.” This involves 

transferring the nuclear DNA from the intended mother’s egg into a donor egg that has healthy mitochondria (with the donor egg’s 

nucleus removed), then fertilizing it – resulting in an embryo with the genetic mother’s and father’s nuclear DNA but a third party’s 

mitochondrial DNA. The UK was the first to legalize this in 2015 for preventing mitochondrial diseases. A few cases have been done 

globally, including one reported birth in Mexico in 2016 to circumvent a mitochondrial disease, grabbing media attention. While not a 

mainstream infertility treatment, it’s an example of high-tech innovation at the intersection of reproduction and genetics that has become 

reality. It also sets a precedent for germline modifications – showing they can be done safely in certain contexts. Ongoing research is 

evaluating the efficacy and safety of various mitochondrial replacement techniques (spindle transfer, pronuclear transfer). 

Improved Male Infertility Treatments: On the male side, there are incremental improvements as well. Microsurgical techniques for 

varicocelectomy have improved outcomes in treating varicocele-related infertility (leading to better post-surgery semen parameters and 

pregnancy rates in some studies). Hormonal therapies (like aromatase inhibitors or clomiphene for men with low testosterone/estrogen 

ratios) can boost endogenous sperm production in select cases. There is also work on sperm selection techniques in the lab beyond 

basic washing – for example, microfluidic devices that sort sperm by motility and morphology or binding assays that select sperm with 

better DNA integrity. Another intriguing concept is using stem cells to treat male infertility: research in animals has explored 

transplanting spermatogonial stem cells to regenerate spermatogenesis in infertile testes, which could one day help men rendered infertile 

by cancer treatments, for instance. While not yet in human clinical use, these lines of investigation highlight that male infertility 

management is also advancing, complementing the heavy focus on ART. 

Case Studies and Notable Outcomes: Many of the innovations above are illustrated by landmark cases. For example, the first baby 

born after uterine transplant (2014) was a 36-year-old woman with MRKH syndrome; her case proved that a transplanted womb could 

carry a pregnancy to term. Another case is the so-called “New York patient,” a woman with HIV and leukemia who in 2022 was reported 

as possibly cured of HIV after receiving a transplant of cord blood stem cells alongside an adult donor graft. While that case was 

primarily about curing disease, it utilized reproductive biology (cord blood from a neonatal source) in an innovative therapy. In infertility 

strictly speaking, one notable recent case series involved middle-aged women who had ovarian insufficiency trying an experimental 

procedure of injecting platelet-rich plasma (PRP) into their ovaries to “rejuvenate” them – a few pregnancies were reported anecdotally, 

though this remains unproven. And in the realm of IVG, perhaps the most striking “case” is the creation of mouse pups from two 

biological male parents in 2023 by using skin cells to form eggs – a development that, while in mice, demonstrates what might eventually 

be possible for human infertility solutions. Each of these examples reflects the accelerating pace of innovation, turning what once was 

science fiction into clinical possibilities. 

Case Studies 

Case 1 – Rapid IVF for Advanced Maternal Age: A 39-year-old woman and her 40-year-old husband have been trying to conceive 

for 6 months. Given her age, her OB/GYN refers them promptly for a fertility evaluation. Workup shows her ovarian reserve is 

moderately diminished (AMH 0.6 ng/mL, antral follicle count 5), but tubes are open. Her husband’s semen analysis is normal. Rather 

than spend time on clomiphene or IUI (which have lower success rates at her age), the couple decides to proceed directly to IVF. She 

undergoes ovarian stimulation, yielding 5 eggs, of which 4 fertilize with ICSI. On day 5, two high-grade blastocysts are obtained. They 

opt for preimplantation genetic testing; one blastocyst is euploid (chromosomally normal) and the other aneuploid. A single frozen 

euploid embryo is transferred in a subsequent cycle, resulting in an ongoing singleton pregnancy. This case reflects a modern approach 

leveraging IVF with genetic testing to maximize success for an older patient, rather than using precious time on less effective treatments. 

The patient gave birth to a healthy baby at age 40. 

Case 2 – Managing Severe Male Factor with ICSI: A 32-year-old man is found to have non-obstructive azoospermia (zero sperm on 

multiple semen analyses). His FSH is markedly elevated, indicating likely testicular failure, but some focal sperm production might 

exist. The couple is counseled on options: donor sperm versus attempting surgical sperm retrieval with ICSI. They choose to pursue the 

husband’s sperm if possible. He undergoes microsurgical testicular sperm extraction (micro-TESE), and fortunately, a small amount of 

sperm is found in the tissue. These sperm are used to fertilize his 30-year-old wife’s eggs via IVF/ICSI. Out of 10 eggs, 6 fertilize, 

yielding 3 good blastocysts. Two embryos are transferred, resulting in a twin pregnancy, and the third embryo is frozen. The twins are 
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delivered healthy at 35 weeks. This case demonstrates advanced male infertility treatment – overcoming azoospermia by surgically 

retrieving sperm and utilizing ICSI, which was not possible before the 1990s. 

Case 3 – Fertility Preservation in Cancer Patient: A 28-year-old woman is diagnosed with breast cancer and needs chemotherapy 

that could damage her ovaries. She is single and wants the chance to have a child in the future. Her oncology and fertility teams 

coordinate promptly. There is limited time before chemo, but they initiate ovarian stimulation immediately in a random cycle phase 

(using a fertility preservation protocol with letrozole added to protect against high estrogen levels due to her estrogen-sensitive tumor). 

Twelve days later, they retrieve 12 oocytes which are vitrified (frozen) the same day. The patient proceeds with cancer treatment. Five 

years later, now cancer-free, she marries and returns to use her frozen eggs. The eggs are thawed and fertilized with her husband’s sperm 

via ICSI. She has several embryos, and one is transferred, leading to a live birth at age 34. This case highlights the innovation of egg 

vitrification for fertility preservation – something that has become standard of care in oncofertility. It also shows adapting protocols 

(random-start stimulation) to the patient’s urgent timeline. 

Case 4 – Uterus Transplantation: A 30-year-old woman with MRKH syndrome (born without a uterus) has functioning ovaries. She 

undergoes IVF to create embryos with her husband, and embryos are frozen. She then enrolls in a uterus transplant trial. A deceased 

donor uterus becomes available and is transplanted into her pelvis. Six months later, after confirming the graft is functioning (she even 

has menstrual periods with the transplanted uterus), one of her embryos is transferred into the new uterus. She conceives and is monitored 

closely. At 37 weeks, she undergoes a scheduled C-section, delivering a healthy baby – one of the first in the country born from a 

transplanted womb. After one more successful pregnancy, the uterus transplant is electively removed (to avoid long-term 

immunosuppression). This groundbreaking case, similar to reported cases in Sweden and the U.S., illustrates the latest extension of 

infertility treatment into the realm of transplantation, allowing a previously untreatable cause of infertility (lack of a uterus) to be 

overcome. 

Case 5 – Emerging Tech (Future Scenario): A couple in their mid-40s are unable to have a child with their own eggs/sperm due to 

age-related factors and poor IVF outcomes. In a research setting, they volunteer for an experimental IVG program. Skin cells from the 

wife are collected and, in the lab, converted to induced pluripotent stem cells. These are then cultured in a special environment to 

generate ovarian follicle-like structures. Immature egg cells from these lab-grown follicles are harvested and matured. Remarkably, a 

handful of eggs acquire the developmental competence to be fertilized with the husband’s sperm via ICSI. From these, viable embryos 

develop, one of which is chromosomally normal. It is transferred into a surrogate (given the wife’s age-related uterine factors), and a 

healthy baby is born – genetically related to both parents despite the mother having no natural eggs left. (This scenario is hypothetical 

and not yet achieved in humans, but based on plausible extensions of current science.) It underscores how future innovations might 

further push the boundaries of infertility treatment, offering hope even in cases considered hopeless today. 

Conclusion 

The landscape of infertility management has advanced dramatically, turning what were once insurmountable obstacles into treatable 

conditions. Today’s clinicians can draw from a broad arsenal of therapies: from medications that induce ovulation to microsurgical and 

endoscopic techniques that repair anatomy, and from intrauterine insemination to the highly sophisticated interventions of IVF, ICSI, 

and genetic embryo screening. Treatment plans are increasingly individualized, accounting for the specific causes of a couple’s 

infertility as well as their personal values, time constraints, and financial considerations. Moreover, success in fertility treatment is not 

measured solely by pregnancy rates, but also by achieving healthy singleton births while minimizing risks like multiple gestation. To 

that end, practices such as elective single embryo transfer and refined stimulation protocols are widely adopted for safety and optimal 

outcomes. 

We are also witnessing a convergence of interdisciplinary innovations improving infertility care. Reproductive medicine now intersects 

with fields like genomics (enabling precise genetic testing and even gene therapies on the horizon), data science (AI-driven decision 

support and embryo selection), and regenerative medicine (stem-cell derived gametes, ovarian tissue grafting, etc.). These developments 

foreshadow a future where previously irreversible causes of infertility might be circumvented. For instance, the concept of in vitro 

gametogenesis could one day allow patients with ovarian failure or same-sex male couples to have genetically related children. While 

such possibilities raise ethical and regulatory questions, they highlight the trajectory of the field. 
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Despite the high-tech advances, it’s important to remember that infertility management remains a deeply personal and often stressful 

journey for patients. Maintaining a compassionate, patient-centered approach is as crucial as the technical aspects. Counseling and 

psychological support, attention to the couple’s emotional well-being, and clear communication are key components of care. 

In conclusion, the “latest” in infertility management is an ever-moving target – one that is currently characterized by evidence-based 

therapies applied in a tailored way, and rapid integration of innovation to enhance success and safety. Clinicians must stay abreast 

of emerging research, from large clinical trials that inform best practices to early-stage developments that could become tomorrow’s 

standard of care. The progress in this field offers hope to many individuals and couples longing for a child. By combining the time-

tested fundamentals (thorough diagnosis, cause-specific interventions, stepwise escalation) with cutting-edge advancements (AI, 

genetic technologies, novel treatments), fertility specialists are helping more patients than ever to overcome infertility. As research 

continues and access to care expands, the dream of parenthood is becoming attainable for an increasing number of people, marking an 

inspiring era in reproductive medicine. 
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