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ABSTRACT

Vitrification has become a prevalent and effective technique for cryopreservation in the field of reproductive biology. Recent
findings indicate that this method is not only reliable but also serves as a highly efficient means for storing human oocytes
at low temperatures. The latest techniques, when paired with the right selection of cryoprotectants, tools, and methods, along
with optimized conditions, can achieve nearly 100% morphological survival rates. By standardizing this technique and
addressing biosafety concerns while preserving its advantages, vitrification could be integrated into the routine practices of
human embryo laboratories. This could provide a viable therapeutic option in various biological and social situations, as well
as in addressing common logistical challenges currently encountered. Ovulation induction (OI) is a cornerstone of infertility
treatment, particularly for anovulatory women, accounting for a significant proportion of female infertility cases. This review
studies the body’s processes that cause ovulation via the hypothalamic-pituitary-ovarian axis and provides information on
common medical drugs used for ovulation induction. Both traditional agents such as Clomiphene Citrate and Letrozole,
gonadotropins and hCG are discussed together with newer treatments that include kisspeptin analogs and SERMs. Laser-
assisted hatching improved IVF. At Dr. Shobha’s Fertility Center, Muktsar Sahib Punjab conducted the study from July
2024, to December 2024. The study included 80 ICSI-treated infertile couples. Women aged 20-30 and 30-40 were tested
utilizing laser exposure. A noncontact RI-SATURN V laser was employed for zona pellucida manipulation. All participants
had hormone tests, transvaginal ultrasounds, and hysteroscopy or laparoscopy done during treatment cycle. Fixed and
extended ovarian hyperstimulation treatments were used. IVF success rates vary by age, with 30-40 having 83%, 20-30
(84%). The laser exposure hatching had the highest success rate (92%), and the lowest success rate (48%). A significant
positive correlation was established between laser exposure and clinical pregnancy outcomes. The study reveals age,
especially 30-40, may impair IVF success. Additionally, a laser exposure hatching increases IVF success rates. The
recommended laser exposure period for all age groups is 4.5 us, with younger women recommended at 2 us and older women
at 8 ps. Laser-assisted hatching methods, specifically diode laser exposure periods, were evaluated for in vitro fertilization
success. The study evaluated how age influences IVF couples' clinical pregnancy outcomes. The findings optimize laser
parameters for assisted reproductive technology.

Keywords: Laser-assisted hatching, In vitro fertilization, Success rates, embryo implantation.

1. INTRODUCTION

Vitrification is a highly accelerated manual cooling method carried out at subzero temperatures, resulting in a solidified
substance with a glass-like quality, devoid of ice crystals. This technique inhibits the production of ice crystals during cooling
via facilitating oocyte dehydration and utilizing high concentration from cryoprotectants, which significantly enhances the
viscosity of the solutions involved (Chang et al., 2022). Since oocyte viability and clinical pregnancy rates have significantly
improved over the last decade, this technique and procedure have been widely used for a variety of applications. This method
was initially primarily used in oocyte donation programs, which solved the issue of donor-recipient synchronization and
enabled an effective distribution of oocytes among various recipients. However, its application would also be advantageous
in fertility preservation programs that are medical and non-medical (De Munck et al, 2018).
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Potential effects of vitrification and warming on oocytes:

It is still unclear whether vitrification has any detrimental effects on oocyte quality, including temperature change/chilling
effect, osmotic stress, cryoprotectant toxicity, and/or phase transitions, causing damage to oocyte spindle, DNA and
ultrastructural changes, even though it can cryopreserve oocytes without ice crystal formation (Lai, D., 2014).

Effects of CPAs’ exposure and osmotic shocks:

Rapid variations in the external osmotic pressure that the oocytes undergo during vitrification and thawing are referred to as
osmotic shocks (Lai, D., 2014).

Even while CPAs are necessary for a proper vitrification process, their exposure may present several difficulties.
Toxicity:

Oocytes may be injured by prolonged exposure or high cryoprotectant concentrations. Alteration on oocyte include oxidative
stress, membrane damage, and altered cellular function can result from CPAs' ability to penetrate the cell membrane and
interfere with cellular functions. The concentration of cryoprotectants and the duration of exposure are the main factors that
affect toxicity (Best, B. P., 2015).

Osmotic Imbalance:

As the cryoprotectants are added and the oocytes are quickly cooled or heated throughout the vitrification process, osmotic
alterations occur. Cell swelling or shrinking may result from this osmotic imbalance. The oocyte may sustain irreparable
damage in the event of warming if cryoprotectants are not sufficiently eliminated and the osmotic balance is not restored
(Best, B. P., 2015).

Membrane Integrity:

Oocytes are susceptible to membrane disruption throughout the CPA exposure phase. Membrane instability may result from
cryoprotectants' disruption of the lipid bilayer as they enter the oocyte. This may lead to the loss of cellular activities, such
as the capacity to divide normally after fertilization, and the leakage of intracellular contents (Best, B. P., 2015).

Vitrification is a cryopreservation technique that enables cells and their surrounding extracellular environment to transition
into a glass-like state without the formation of ice, differing from the slow-freezing method. For vitrification, it is essential
for there to be a reduction in water content and for the cytoplasm to become highly viscous, facilitating the achievement of
this glass-like

Aneuploidy:

Both the sperm and the egg are expected to provide the embryo exactly one copy of each chromosome during conception.
Aneuploidy is a disorder, which is far more common occurs in eggs than in sperm or the majority of somatic cells, occurs
when human eggs have an incorrect number of chromosomes. Inversely, one of the main causes of infertility, miscarriages,
and congenital disorders is aneuploidy in eggs. Aneuploidy results when the oocyte, the egg's progenitor cell, undergoes
abnormal meiosis during development. Chromosomes frequently segregate improperly in human oocytes. Age-related
infertility is the result of increased chromosome segregation mistakes in women starting in their mid-thirties, which raise the
levels of aneuploidy in eggs from older mothers (Charalambous et al, 2023).

Ultrastructural changes:

Transmission electron microscopy can be used to identify ultrastructural alterations in human oocytes in the metaphase 11
(MII) stage following vitrification or warming. Increased vacuoles, cortical granules (CGs), and smooth endoplasmic
reticulum of mitochondria accumulate with vesicle complexes were the primary ultrastructural alterations. Vacuoles had the
same ultrastructural features regardless of their size: they were rounded irregularly, looked empty, and had a membrane
enclosing them. Golgi and/or SER membrane swelling and coalescence can result in vacuoles. The fusion of damaged CGs
or changed and swollen mitochondria could be involved in the genesis of vacuoles in vitrified oocytes, accompanied by a
significant reduction in electron-dense granules. Moreover, peripheral vacuoles also could be formed by aggregations of
endocytic vesicles in the oocyte, or elevations of the oolemma and/or aggregations of endocytic vesicles in the cortex of the
oocyte, in the oocyte surface as seen in oocytes treated only with the CPAs (Chang et al., 2022).

Impact to oocyte spindle:

During meiosis, the chromosomes are arranged by the microtubule-based oocyte spindle, which makes sure they are properly
aligned and segregated. Chromosome mis segregation, aneuploidy (an aberrant number of chromosomes), and poor
fertilization or embryo development can result from spindle structural disruptions (Bennabi ef al, 2016). The second meiosis
requires timely chromosome attachment to ensure efficient chromosome segregation, and the disappearance of cohesion is
necessary for the medial gonads and successful sperm. Sister chromatid cohesion is of great importance since it guarantees
that sister chromatids are correctly aligned on the spindle during the MII stage. Finally, the bipolar linkage of spindle
microtubules to sister chromatids is a critical step in producing tension at the centromere. Upon entry of a spermatozoon and
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initiation of the second meiosis, a lack of correct alignment and tension of the sister chromatids may result in aneuploid
embryos. Among other things, the spindle is sensitive to low temperatures. Cryopreservation exposes the oocyte spindle to
low temperatures, which may cause ice crystals to form and harm the spindle. Whether the spindle structure has been
damaged due to the phase shift and cold effects of vitrification and warming in the absence of formation of ice crystals is
unknown. Vitrification and MII oocyte spindle configuration dynamics.

Parthenogenetic activation:

The process of intentionally triggering an oocyte (egg cell) to start developing without sperm fertilization is known as
parthenogenetic activation. Similar to what occurs after fertilization, this can be accomplished via a variety of chemical,
physical, or electrical techniques that cause the egg to start dividing. Research on parthenogenetic activation in human
oocytes has significance for developmental biology, stem cell research, and fertility (Kharche and Birade, 2013). The
occurrence of oocyte activation during cryopreservation poses a potential risk. The fusion of sperm with mammalian oocytes
leads to an elevation in the intracellular concentration of calcium ions (Ca2+). Ultimately, fertilization triggers a widespread
increase in Ca2+ levels throughout the oocyte. This surge in calcium is primarily due to the release from the internal cell
reticulum, starting at the site where the sperm enters and propagating in a wave-like manner; however, it can also originate
from larval reserves, especially from the stores within the endoplasmic reticulum. Additionally, exocytosis may be stimulated
by an increase in Ca2+, which can arise from external sources or a combination of both. Furthermore, commonly used
cryoprotectants in vitrification, such as DMSO and EG, have the potential to significantly elevate intracellular calcium levels.
The duration of the amplitude can be 50% longer than the typical Ca2+ spike, with the initial surge beginning at fertilization
and persisting for approximately this extended duration. This influx of calcium is believed to contribute to the zona hardening
that occurs due to exposure to these cryoprotectants (Chang et al., 2022).

Deoxyribonucleic acid (DNA) integrity:

Vitrification has a high survival rate but insufficient mechanisms to protect oocytes from sublethal damage. Even though
most successful vitrification protocols for oocytes use relatively high amounts of cryoprotectants (CPAs), a few of these
substances have shown concerns for related side effects and could induce DNA damage. Germ cell DNA damage may elicit
genotoxic responses, and when unresolved, produce chromosomal abnormalities that will be transmitted to offspring.
Importantly, CPAs are genotoxic agents also in the absence of cryopreservation. The genotoxic effects of three of the most
commonly used vitrification CPAs, including ethylene glycol (EG), propanediol (PrOH), and dimethyl sulfoxide (DMSO),
have been evaluated in both somatic cells and oocytes (Chang et al., 2022).

Epigenetic effects:

The term "epigenetics" refers to alterations in cellular phenotype or gene expression that are not caused by changes to the
DNA sequence. Numerous physiological and environmental factors, including age, stress, and—most importantly—
reproductive technologies like cryopreservation, can have an impact on these changes. Epigenetic control is essential for
early development, fertilization, and cellular differentiation in human oocytes. Important epigenetic markers that control
gene expression during oocyte maturation and fertilization include histone changes, DNA methylation, and non-coding RNA
(Mazzio and Soliman, 2012).

Oocyte Vacuole Formation
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Figure 1: Formation of Oocyte Vacuole

The clinical significance of vacuolated oocytes is underscored by their association with impaired fertilization, abnormal
embryonic cleavage, and a higher likelihood of developmental arrest. Large or multiple vacuoles can distort the oocyte’s
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internal architecture, sometimes displacing the metaphase II (MII) spindle, which is essential for accurate chromosome
segregation. Such displacement increases the risk of aneuploidy and embryonic arrest!l, Embryos derived from vacuolated
oocytes frequently demonstrate delayed cleavage, abnormal pronuclear morphology, and increased rates of developmental
arrest before reaching the blastocyst stage. Vacuolization in embryos on days 3 and 4 of in vitro development is associated
with reduced blastocyst formation rates and lower quality blastocysts! 23] However, some studies suggest that if blastocysts
from vacuole-positive embryos are transferred, their pregnancy and neonatal outcomes may not be significantly affected,
indicating that vacuole-associated variation in preimplantation embryos may have no long-term impacts on embryo
development or the health of offspring X

(Figure 2).
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Despite the clear association between vacuolization and reduced developmental competence, the precise impact of vacuolated
oocytes on long-term reproductive outcomes remains an area of active investigation. Some studies have reported that while
vacuolization impairs the competence of blastocyst formation and blastocyst quality, pregnancy and neonatal outcomes
following the transfer of blastocysts derived from vacuole-positive embryos are not significantly different from those of
vacuole-negative embryos_!). This suggests that the negative effects of vacuolization may be limited to preimplantation
development, and that embryos able to reach the blastocyst stage may have compensated for earlier cytoplasmic defects.

Classification and Morphological Features of Cytoplasmic Vacuoles in Human Oocytes

The clinical impact of cytoplasmic vacuoles in human oocytes is largely influenced by their size, number, and localization
(Figure). These morphological characteristics offer critical insight into the developmental competence of the oocyte and its
potential for successful fertilization and embryo formation.

Size of Vacuoles- Vacuoles within the ooplasm are typically classified by diameter into small (<5 pm), medium (5-10 pm),
and large (>10 um) categories. Macro-vacuoles, often defined as those exceeding 14 um or, in some cases, 25 pum, are
considered particularly detrimental to oocyte quality. Ebner et al. reported that oocytes harboring a single vacuole up to 14
pum exhibited a fertilization rate of 51.6%, whereas oocytes with vacuoles exceeding 14 pum rarely achieved fertilization [4].
Larger vacuoles, especially those surpassing 25 pm in diameter, can occupy a significant portion of the cytoplasm, distort
intracellular architecture and disrupting key events such as sperm-oocyte fusion, resumption of meiosis, and early embryonic
cleavage [5,6]. These macro-vacuoles often arise during the transition from metaphase I (MI) to metaphase 11 (MII),
coinciding with the extrusion of the first polar body [4].

Number of Vacuoles- The number of vacuoles observed per oocyte also holds prognostic value. Data suggest that
approximately 66% of vacuolated oocytes present with a single vacuole, 21.3% with two, and 12.7% with multiple vacuoles
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[4]. The presence of multiple vacuoles—commonly defined as more than three—is associated with a further reduction in
fertilization potential. Comparative analyses show that fertilization rates decline from 51.6% in oocytes with a single vacuole
to 43.8% in those with multiple vacuoles [4,6]. In addition to reduced fertilization, multiple vacuoles increase the likelihood
of developmental arrest and impaired blastocyst formation, likely due to cumulative cytoplasmic disorganization [6,7].

Impact of Cytoplasmic Vacuoles on Oocyte Quality
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Figure -3

Localization of Vacuoles

The spatial distribution of vacuoles within the oocyte cytoplasm also modulates their developmental impact. Centrally
located vacuoles are generally regarded as more disruptive than those at the periphery. Central vacuoles can potentially
interfere with the meiotic spindle apparatus or displace critical organelles, thereby compromising spindle function and
chromosome segregation [8]. While some studies have not observed direct spindle displacement by central vacuoles, their
proximity to the metaphase plate raises concerns about subtle mechanical or biochemical interference [8,9]. In contrast,
peripheral vacuoles are thought to have a lesser effect on meiotic dynamics, possibly due to their distance from critical
cytoskeletal structures.

Morphological Characteristics

Under light microscopy, vacuolated oocytes are recognized by the presence of one or more sharply demarcated, round,
translucent inclusions within the cytoplasm. These vacuoles may be either central or peripheral and frequently coexist with
other cytoplasmic abnormalities such as refractile bodies, increased granularity, or abnormal polar body morphology [4,6].
Severe vacuolization may result in cytoplasmic asymmetry, oocyte distortion, or a darkened, uneven cytoplasmic texture—
features commonly linked to poor oocyte quality and compromised developmental potential [6,7].

Clinical Implications

The classification of vacuoles by size, number, and localization provides valuable information for embryologists in assessing
oocyte quality during ART procedures. Oocytes with large, multiple, and centrally located vacuoles exhibit significantly
lower fertilization rates, a higher risk of early embryonic arrest, and reduced likelihood of reaching the blastocyst stage
[4,5,7,8]. Persistent vacuolization observed across multiple ART cycles in the same individual may suggest an underlying
intrinsic or genetic abnormality, potentially related to cytoskeletal or vesicular trafficking dysfunction [6,10]. In such cases,
alternative therapeutic strategies, including oocyte donation or modified stimulation protocols, may be warranted.

Ultrastructure and Origin of Vacuoles

Ultrastructural studies using transmission electron microscopy (TEM) and advanced confocal imaging have significantly
advanced our understanding of the origin and nature of vacuoles in human oocytes. These studies reveal that vacuoles are
not a uniform entity but may arise from several distinct intracellular processes and organelle alterations.

One of the most commonly identified origins of vacuoles is the aggregation of smooth endoplasmic reticulum (sER). TEM
analyses have shown that SER can cluster to form membrane-bound inclusions within the ooplasm, sometimes referred to as
sER clusters (SERCs). These clusters are particularly significant because they can disrupt calcium signaling and organelle
distribution, both of which are critical for oocyte maturation and subsequent fertilization. Large sER aggregates have been
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observed in poor-quality oocytes and are linked to diminished fertilization potential and adverse developmental outcomes
[1][11][12]. In addition to sER aggregations, vacuoles may also originate from lysosomes or autophagosomes. These
organelles are involved in cellular degradation and recycling processes, and their abnormal accumulation or fusion can create
vacuole-like structures within the cytoplasm. While less commonly described in human oocytes than sERCs, lysosomal and
autophagic vacuoles have been documented as part of the spectrum of cytoplasmic dysmorphisms, particularly in oocytes
exposed to stress or toxic insults [1][11].

The etiology and mechanisms of oocyte vacuolization

The etiologic and mechanisms of oocyte vacuolization are highly complex, reflecting a convergence of intrinsic cellular
defects, cytoskeletal disorganization, genetic predispositions, and environmental or procedural factors encountered during
ovarian stimulation and ART. Expanding on the current understanding, recent research and ultrastructural analyses have
illuminated several key pathways and processes involved in vacuole formation and their implications for oocyte quality and
developmental potential
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The cytoskeleton, especially the actin network, plays a pivotal role in maintaining ooplasm integrity and the proper
distribution of organelles during oocyte maturation. Recent ultrastructural and experimental studies have shown that
disruption of the actin cytoskeleton-not microtubules- leads to excessive clustering of organelles and the formation of
vacuole-like inclusions [1]. Inhibition of actin polymerization in oocytes, either pharmacologically or due to intrinsic defects,
results in an ultrastructural pattern remarkably similar to that seen in dysmorphic eggs retrieved during IVF cycles. This
suggests that actin is a key regulator of organelle distribution, and its malfunction is central to the genesis of vacuolization
and other common cytoplasmic aberrations-1.

Vacuole formation often occurs during the transition from metaphase I (MI) to metaphase II (MII), particularly around the
time of polar body extrusion. The process of nuclear and cytoplasmic maturation is highly coordinated, involving germinal

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 4903



Jyoti Sarwan, Mohamed Abdalmajed, Mohamed Alhaj, Aisha Rehman,
Seme Borgohain, Simran, Tasleem

vesicle breakdown, chromosome segregation, asymmetric meiotic division, and the expulsion of the first polar body.
Disruption of these processes-whether due to cytoskeletal instability, abnormal vesicle trafficking, or hormonal imbalance-
can lead to the rapid appearance of vacuoles within the ooplasm-21, For example, insufficient endogenous luteinizing
hormone (LH) secretion at the time of ovulation trigger has been linked to defective luteal function and asynchronous
maturation of the cytoplasm and nucleus, predisposing oocytes to vacuolization{2.

Cytoplasmic abnormalities that occur during oocyte maturation, especially those that interfere with the meiotic spindle and
the intricate cytoskeletal structure, can adversely affect the oocyte’s ability to undergo normal fertilization and embryo
development. Disruption of the actin cytoskeleton, rather than microtubules, has been shown to induce excessive clustering
of organelles and the formation of vacuole-like structures in experimental models. Pharmacological agents that destabilize
the action network can induce vacuolization, highlighting the importance of cytoskeletal integrity in maintaining ooplasm
organization!1, Furthermore, the actin-microtubule interplay is essential for spindle assembly, chromosome segregation,
and asymmetric division. Disruption of this crosstalk through genetic mutations or environmental insults can exacerbate
cytoplasmic disorganization and vacuolization_ ', Biochemical and molecular changes further contribute to the
susceptibility of oocytes to vacuolization. With aging or prolonged in vitro culture, oocytes experience a decline in
intracellular glutathione (GSH), increased lipid peroxidation, elevated reactive oxygen species (ROS), and decreased ATP
content-all markers of oxidative stress and metabolic compromise!4, These changes impair the oocyte’s ability to regulate
intracellular calcium, which is crucial for fertilization and subsequent embryonic development 151 Moreover, the
expression of anti-apoptotic proteins such as BCL2 decreases in aged oocytes, increasing susceptibility to degeneration and
cytoplasmic anomalies, including vacuoles14.

Impact of Vacuolization on Fertilization Outcomes

Oocyte vacuolization exerts a significant and multifaceted impact on fertilization outcomes, affecting both the likelihood of
successful fertilization and the quality of subsequent embryonic development. The degree of this impact is closely related to
the size, number, and persistence of vacuoles within the oocyte cytoplasm, as well as the underlying mechanisms that lead
to their formation.

Reduced Fertilization Rates and Embryonic Arrest

Clinical studies consistently report that vacuolated oocytes are associated with lower fertilization rates compared to
morphologically normal oocytes. In a detailed analysis by Ebner et al., vacuoles were present in 3.9% of collected oocytes,
with 66% containing a single vacuole, 21.3% double, and 12.7% multiple vacuoles!. Fertilization rates were significantly
reduced in vacuolated oocytes: oocytes with single vacuoles up to 14 um had a fertilization rate of 51.6%, while those with
multiple vacuoles had a rate of 43.8%. Critically, fertilization was rarely observed in oocytes with vacuoles exceeding 14
pm in diameter!™, This finding is echoed by other studies, which also note that the presence of large or multiple vacuoles is
a predictor of poor fertilization potential and early embryonic arrest.

Mechanistic Insights: Spindle Disruption and Ooplasm Integrity

The mechanisms by which vacuolization impairs fertilization are rooted in its effects on the oocyte’s cytoskeletal and
organelle organization. Macro-vacuoles (>25 um) can theoretically displace the metaphase II (MII) spindle, which is crucial
for accurate chromosome segregation during fertilization. However, advanced imaging (e.g., polscope) has shown that not
all large vacuoles physically displace the spindle; yet, their presence is logically expected to interfere with the fine
architecture of the oocyte, including spindle positioning, sperm-oocyte signaling, sperm binding, and meiotic resumption-11,
Even when spindle displacement is not observed, vacuoles may still disrupt the cytoplasmic environment essential for
fertilization and early development.

Fertilization Failure and Oocyte Activation Defects

Fertilization failure in vacuolated oocytes may also be linked to impaired oocyte activation. Normally, fertilization triggers
a series of calcium oscillations that release the oocyte from metaphase II arrest and initiate embryogenesis. However,
vacuolization may interfere with the proper transmission of activation signals or disrupt the machinery required for the M-
G1 transition in MII oocytes!!€!, In some cases, even after ICSI, oocytes with vacuoles fail to activate and fertilize, suggesting
that cytoplasmic anomalies can override the benefits of micromanipulation. Assisted oocyte activation (AOA) using chemical
agents has been explored as a potential remedy, but human oocytes often do not respond robustly to universal activators, and
the efficacy of AOA in vacuolated oocytes remains uncertain-16][17,

Genetic and Biological Basis for Persistent Fertilization Failure

Persistent and homogeneous vacuolization across multiple cycles in a single patient suggests a possible genetic etiology,
potentially involving defects in vesicle trafficking or cytoskeletal regulation"!8] Such intrinsic abnormalities can lead to
recurrent fertilization failure and poor embryo quality, regardless of sperm quality or ART technique. This is supported by
cases where macro-vacuolization is present in nearly all oocytes from a patient, regardless of stimulation protocol, indicating

a stable biological cause L.
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Clinical Observations and Prognosis

While some vacuolated oocytes can be fertilized and may even cleave, the resulting embryos are typically of poor quality
and have a low prognosis for successful implantation and pregnancy. In the rare cases where fertilization and cleavage occur,
the embryos often arrest early, likely due to cytoplasmic defects that prevent proper embryonic genome activation or disrupt
critical developmental pathways112l The overall prognosis for cycles dominated by vacuolated oocytes is poor, and such
cases may require alternative strategies, including the consideration of oocyte donation or advanced micromanipulation
techniques.

Cell Fate During Compaction and Self-Correction

A key observation is the fate of vacuole-containing blastomeres during compaction. If these abnormal cells are excluded
from the compacting embryo, the resulting blastocyst has a low rate of chromosomal mosaicism, supporting the hypothesis
that exclusion of abnormal blastomeres is a self-correction mechanism-2. Conversely, if vacuole-positive blastomeres are
incorporated into the compacting embryo, the resulting blastocyst exhibits a significantly higher mosaicism rate, which may
impact further development and implantation potential 2. This phenomenon is supported by studies observing that excluded
cells during compaction have a high aneuploidy rate, suggesting that embryos can eliminate abnormal or aneuploid cells to
preserve developmental potential 2.,

Mechanistic Insights and Oocyte Quality

The developmental impairment associated with vacuolization is thought to arise from several mechanisms:

®  Cytoskeletal Disruption: Large vacuoles can distort the oocyte’s internal architecture, interfering with spindle
positioning, chromosome segregation, and organelle distribution, all of which are critical for normal cleavage and
compactiontH,

®  Impaired Ooplasmic Signaling: Vacuoles may disrupt calcium signaling and metabolic pathways necessary for
embryonic genome activation and blastocyst formation [3L

® Genetic and Biological Factors: Persistent vacuolization across cycles in some patients suggests a genetic
etiology, affecting vesicle trafficking or cytoskeletal regulation, which may predispose to recurrent developmental
arrest [1][14.

Oocytes recovered from hyperstimulated ovaries often display multiple morphological anomalies, including vacuoles,
refractile bodies, and cytoplasmic granularity, which are suspected to compromise their fertilization and developmental
potential Y. The development of competence is a gradual process, shaped by follicular growth as well as the events of meiotic
resumption and cytoplasmic maturation.

Clinical and Neonatal Outcomes

Despite the well-documented adverse effects of vacuolization on early embryonic development, such as reduced blastocyst
formation and lower rates of high-quality blastocysts, recent large-scale studies have shown that, once the blastocyst stage
is achieved and abnormal (vacuole-containing) cells are excluded during compaction, the prognosis for vacuole-positive
embryos is comparable to that of vacuole-negative embryos [2][3]. Specifically, there is no significant difference in key
clinical outcomes, including euploidy rates, implantation, ongoing pregnancy, and live birth rates, between embryos with
and without vacuoles, provided the blastocyst is well-formed and abnormal cells have been eliminated during compaction

[2](3].
Clinical Implications and Management Strategies

For oocyte and embryonic vacuolization, it is clear that this morphological anomaly presents nuanced challenges for both
clinicians and embryologists in assisted reproductive technology (ART).

Clinical Implications
1. Fertilization and Embryo Development

Vacuolization is consistently linked to lower fertilization rates, impaired embryonic development, and increased risk of early
embryonic arrest. Large or multiple vacuoles, particularly those exceeding 25 pum, can distort the oocyte’s cytoskeletal
structure, disrupting processes such as sperm-oocyte signaling, sperm binding, and meiotic resumptionl"Z1221 This can
result in failed fertilization in conventional IVF and significantly reduced fertilization rates even with ICSI. Embryos derived
from vacuolated oocytes frequently arrest at the 2-cell stage, rarely progressing to the blastocyst stage 112121,

2. Blastocyst Formation and Quality

Multiple studies and meta-analyses confirm that vacuolization in oocytes or embryos is associated with reduced blastocyst
formation rates and lower proportions of high-quality blastocysts 212, The negative effect is more pronounced with larger
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or more numerous vacuoles. Embryos with vacuolization observed on days 3 and 4 of culture have lower rates of both
blastocyst formation and high-quality blastocyst development compared to vacuole-negative embryos-2.

3. Cryopreservation Outcomes

Vacuolization also negatively impacts the cryosurvival of oocytes and embryos. Oocytes with vacuoles or smooth
endoplasmic reticulum (sER) disks are not recommended for cryopreservation, as their post-thaw survival and developmental
competence are compromised 21123, The Istanbul Consensus highlights that giant oocytes and those with cytoplasmic
vacuoles should be carefully evaluated before inclusion in vitrification protocols{21231,

4. Genetic and Biological Considerations

Persistent, homogeneous vacuolization across cycles in a single patient may indicate a genetic predisposition, possibly
originating during fetal oogenesis and affecting vesicle trafficking or cytoskeletal regulation!"21, This can lead to repeated
poor outcomes and may necessitate alternative reproductive strategies, such as oocyte donation{2L,

5. Clinical Decision-Making

Despite the negative associations, current consensus guidelines (e.g., Istanbul Consensus 2024) state that oocytes with
vacuoles are not automatically excluded from clinical use, especially in ICSI cycles-21. However, care should be taken to
avoid injecting sperm directly into a vacuole, as this may further compromise developmental potential 21,

Management Strategies

1. Morphological Assessment and Selection

®  Qocyte Screening:

Careful morphological assessment is a cornerstone of managing vacuolated oocytes. Embryologists routinely screen
retrieved oocytes under high magnification, identifying those with large or multiple vacuoles. Oocytes presenting with
macro-vacuoles (typically

>14-25 pum) or more than three vacuoles are flagged due to their strong association with poor fertilization rates and frequent
embryonic arrest [11][13]. In cases of repeated fertilization failure or recurrent early embryo arrest, the use of such oocytes
may be reconsidered, and patients may be counselled about the potential impact on clinical outcomes [11][13][2].

®  Embryo Selection:

Similarly, embryos are evaluated for vacuolization during early cleavage and compaction stages. Embryos with significant
vacuolization—especially those where vacuole- containing blastomeres are incorporated during compaction—are at higher
risk for chromosomal mosaicism and developmental arrest [13][3][24]. Such embryos may be deprioritized for transfer, with
preference given to embryos lacking significant vacuoles or those where abnormal cells have been excluded during
compaction, as this self-correction can improve developmental potential [3][24].

Laboratory and Procedural Techniques

® ICSI Technique:

During ICS], it is critical to avoid injecting sperm directly into a vacuole, as this may further compromise oocyte viability
and developmental competence. Targeting the injection away from vacuoles helps minimize additional cytoplasmic
disruption and increases the likelihood of normal fertilization and embryo development [13].

e  Experimental Micromanipulation:

There is growing interest in micromanipulation techniques, such as puncturing and draining large vacuoles using a fine
ICSI or biopsy needle. While these interventions are theoretically promising potentially alleviating cytoplasmic distortion
caused by large vacuoles, they are not yet standard clinical practice and may require special regulatory approval. There is
also concern that draining vacuoles could reduce the oocyte’s cytoplasmic volume, potentially impairing viability or releasing
toxic substances [11]. Thus, such approaches are experimental and should be considered with caution.

Culture Optimizing Conditions:

Maintaining optimal laboratory conditions is essential for minimizing the formation and impact of vacuoles. This includes
strict control of pH, temperature, and osmolality throughout all stages of oocyte handling and embryo culture. Minimizing
light exposure during manipulation and culture is also recommended, as excessive light can induce cellular stress. These
measures help preserve oocyte and embryo integrity, reducing the risk of vacuole formation and other cytoplasmic anomalies
[13][25]. Additionally, gentle handling during denudation, insemination, and culture transfers further reduces the likelihood
of iatrogenic vacuolization.
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Cryopreservation Policies

Cryopreservation policies in assisted reproductive technology (ART) have evolved to prioritize the selection of oocytes and
embryos with optimal morphological integrity for vitrification, as this directly impacts post-thaw survival and developmental
competence. The latest expert consensus and laboratory guidelines recommend excluding oocytes with giant vacuoles or
smooth endoplasmic reticulum (SER) disks from vitrification protocols. These cytoplasmic abnormalities are markers of
compromised oocyte quality and are associated with reduced fertilization rates, impaired embryo development, and poorer
clinical outcomes after thawing [23][27][29].

Patient Counseling Counselling and Alternative Strategies

® Genetic Counselling

For patients whose cycles are repeatedly dominated by vacuolated oocytes—especially those with large, homogeneous
macro-vacuoles—genetic counselling is an important step. Persistent vacuolization is increasingly recognized as a marker of
underlying biological or genetic abnormalities, potentially originating during fatal oogenesis and affecting cytoskeletal
organization or vesicle trafficking within the oocyte. Genetic counselling provides an opportunity to discuss the possibility
of heritable defects that may be contributing to the abnormal oocyte phenotype. During counselling, patients can receive
information about the nature of their oocyte abnormalities, the likelihood of recurrence in future cycles, and the potential for
these issues to be passed on to offspring. Additionally, a detailed family and reproductive history may be taken, and in select
cases, referral for genetic testing or further evaluation by a reproductive geneticist may be considered, especially if there is
a history of unexplained infertility or repeated ART failure [11].

®  Qocyte Donation

When repeated ART cycles yield predominantly vacuolated oocytes and result in poor fertilization rates, frequent
embryonic arrest, or failed pregnancies, oocyte donation becomes a practical and evidence-based alternative [11][13]. Oocyte
donation offers the best chance for pregnancy in these challenging cases, as it bypasses the intrinsic cytoplasmic and genetic
defects present in the patient’s own oocytes. The literature documents cases where, despite optimal stimulation protocols and
laboratory techniques, patients with persistent macro-vacuolization experience universal fertilization failure or early
embryonic arrest, making further attempts with autologous oocytes unlikely to succeed [11][13]. Counselling should address
the emotional, ethical, and practical aspects of oocyte donation, including the high success rates, the process of selecting a
donor, and the implications for family building. For many couples, this strategy provides a realistic path to parenthood when
conventional ART options are exhausted.

Research and Future Directions

®  Further Investigation:

Ongoing research is needed to clarify the molecular mechanisms underlying vacuolization and to develop targeted
interventions. The clinical utility of micromanipulation for vacuole removal and advanced culture systems (e.g.,
microfluidics) are promising areas for future study[11][21].

®  Consensus and Standardization:

Updated guidelines (such as the Istanbul Consensus 2024) continue to refine best practices for the assessment, selection,
and management of vacuolated oocytes and embryos, promoting standardization across ART laboratories !1.

Genetic Counselling and Prognosis

Genetic counselling and prognosis for patients exhibiting oocyte or embryonic vacuolization require a nuanced, evidence-
based approach, as these morphological anomalies may reflect underlying genetic, biological, and clinical factors that
influence reproductive outcomes.

Genetic Counseling
1. Indications for Genetic Counseling

Persistent or homogeneous macro-vacuolization across multiple ART cycles in a single patient strongly suggests a possible
genetic or biological etiology. Case reports have documented patients whose oocytes consistently display large vacuoles
(>25 um) in nearly all retrieved cohorts, regardless of stimulation protocol. This pattern is unlikely to be explained solely by
external factors such as ovarian stimulation or laboratory technique. Instead, it points toward a stable, intrinsic defect-
potentially originating during fetalfatal oogenesis-that affects cytoskeletal organization or vesicle trafficking within the
oocyte!t,
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2. Possible Genetic Mechanisms

The biological basis for such vacuolization may involve mutations or dysregulation in genes governing endocytosis,
exocytosis, or cytoskeletal dynamics. These defects could lead to uncontrollable endocytosis or the fusion of vesicles that
would normally be exocytosedexocytosis, resulting in persistent vacuole formationtl, While direct genetic mutations have
not been universally identified in all patients with vacuolization, the homogeneity and recurrence of the phenotype within
individuals across cycles support a genetic underpinning.

Prognosis
1. Fertilization and Embryo Development

Persistent vacuolization, especially when large and homogeneous, is associated with very poor fertilization rates and high
rates of embryonic arrest. In documented cases, IVF often results in failed fertilization, and even with ICSI, only a small
proportion of oocytes fertilize, with most embryos arresting at the 2-cell stage ], The underlying cytoplasmic abnormality
impairs key processes such as sperm-oocyte signaling, meiotic resumption, and embryonic cleavage.

2. Blastocyst Formation and Chromosomal Stability

Large cohort studies confirm that vacuolization in embryos on days 3 and 4 is associated with significantly reduced rates of
blastocyst formation and high-quality blastocyst development 2. Notably, when vacuole-positive blastomeres are
incorporated into the embryo during compaction, there is a significantly higher rate of chromosomal mosaicism, which may
further compromise developmental potential [?. However, embryos that exclude vacuole-containing cells during compaction
demonstrate a lower mosaicism rate, indicating a possible self-correction mechanism-2.,

3. Euploidy, Implantation, and Neonatal Outcomes

Despite the negative impact on blastocyst formation and quality, large studies report no significant difference in euploidy
rates, implantation, ongoing pregnancy, or live birth rates between vacuole- positive and vacuole-negative embryos, provided
that a blastocyst forms and abnormal cells are excluded during compaction-2, Neonatal outcomes-including birth weight,
length, preterm birth, and birth defect rates-are also comparable, suggesting that the adverse effects of vacuolization are
largely confined to preimplantation development and do not necessarily compromise long-term offspring health12.,

4. Clinical Recommendations and Patient Counseling

®  Embryo Selection: When vacuole-positive embryos are the only option, clinicians may consider transferring
blastocysts that have excluded vacuole-containing cells during compaction, as these have outcomes similar to
vacuole-negative embryos{2.

®  Realistic Expectations: Patients with persistent, severe vacuolization should be counselled regarding the high
likelihood of poor fertilization and embryo development outcomes, and the potential need to consider alternative
options such as oocyte donationl!L,

®  Role of Hormonal and Environmental Factors: While genetic factors are important, clinicians should also assess
and optimize hormonal triggers (e.g., LH levels) and laboratory conditions, as these can modulate the incidence
and severity of vacuolizationl2l,

Implications of DOR on IVF/ICSI Outcomes

Diminished ovarian reserve has significant implications for IVF and ICSI outcomes. Women with DOR generally yield fewer
oocytes during controlled ovarian stimulation, which translates into a lower probability of obtaining good-quality embryos
and ultimately reduced live birth rates. Suqin Zhu et al. (2024) demonstrated that even in women aged <35 years, those with
DOR had significantly lower rates of blastocyst formation (59.8% vs. 64.1%), embryo implantation (29.8% vs. 33.3%), and
live birth (40.6% vs. 45.7%) compared to women with normal ovarian reserve [7].

Moreover, while oocyte quantity is evidently reduced, studies suggest that embryo quality may also be affected due to
impaired cytoplasmic and mitochondrial function, although not uniformly across all age groups. Younger women with DOR
may still retain acceptable oocyte quality, underlining the importance of age-reserve interaction in prognosis [15]. In ART
cycles, DOR is also associated with higher gonadotropin requirements, greater cycle cancellation rates, and fewer embryos
available for cryopreservation. These challenges necessitate individualized stimulation strategies, such as dual stimulation,
growth hormone adjuvants, or androgen priming, to optimize outcomes in this population.

Fertilization Rate in Women with DOR
Definition of Fertilization Rate

Fertilization rate (FR) refers to the proportion of oocytes that achieve successful fertilization—typically identified by the
presence of two pronuclei (2PN)—out of the total number of mature oocytes retrieved and inseminated [16]. This
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embryological parameter is critical for assessing oocyte competence and IVF/ICSI efficiency, as it directly influences the
number of embryos available for transfer or cryopreservation.

Mechanisms Behind Impaired Fertilization in DOR

Women with diminished ovarian reserve (DOR) often present not only with a reduced quantity of oocytes but also with
compromised oocyte quality [17]. Impairments in cytoplasmic maturation, mitochondrial activity, and epigenetic regulation
can hinder proper sperm interaction and fertilization. In addition, age- related alterations such as zona pellucida hardening,
cytoplasmic vacuolization, and reduced spindle integrity have been reported, all of which may negatively influence
fertilization potential. Studies have observed that oocytes with thick or granular zona and dense, vacuolated ooplasm tend to
demonstrate poor fertilization outcomes and lead to lower-quality embryos.

IVF vs. ICSI: Which is Better in DOR Cases?

The relative efficacy of conventional IVF versus intracytoplasmic sperm injection (ICSI) in women with DOR has been
extensively studied. In the absence of male factor infertility, ICSI has not consistently shown superiority. Several studies
have demonstrated that fertilization rates, embryo quality, implantation rates, and live birth outcomes are comparable
between IVF and ICSI in poor responders [18]. For example, in women aged 35—42 years with <5 retrieved oocytes,
fertilization rates were similar between IVF (73%) and ICSI (76%) groups, with no significant difference in pregnancy rates.
Although ICSI may reduce the risk of total fertilization failure in selected cases, its routine use in non-male factor DOR cases
is not universally supported by current evidence.

Multiple retrospective and prospective cohort studies have evaluated fertilization outcomes in women with DOR [19,20].
These studies reveal that the overall fertilization rate in DOR patients is generally lower than that in women with normal
ovarian reserve. However, when adjusted for age and oocyte quality, the difference narrows. One study emphasized the
predictive role of oocyte morphology during ICSI—reporting that oocytes with abnormal cytoplasm or thick zona were
associated with significantly reduced fertilization and blastocyst development [21]. Another large registry analysis showed
that ICSI provided only a marginal improvement (approximately 2%) in fertilization rate in non-male factor DOR cases but
did not translate into better live birth rates [22].

Influence of Stimulation Protocols and Gonadotropin Dose

Controlled ovarian stimulation protocols can significantly influence both the number and quality of retrieved oocytes, thereby
affecting fertilization outcomes. In DOR patients, standard high-dose gonadotropin regimens may not always be effective
and could lead to suboptimal follicular recruitment or overmaturation. Some evidence suggests that individualized low-dose
or mild stimulation protocols—especially when guided by baseline AMH and AFC values—may result in a more
physiologically favourable follicular environment and improve fertilization potential. Adjuvant strategies such as androgen
priming, growth hormone supplementation, and dual stimulation cycles have also shown promise in enhancing oocyte yield
and quality in poor responders.

Gaps in Literature and Future Directions

1.1. Despite considerable advances in understanding the impact of diminished ovarian reserve (DOR) on ART outcomes,
several significant gaps remain. One major issue is the need for standardized measures for embryo quality. Current
grading systems vary widely between clinics, and discrepancies in both morphological and genetic assessment
metrics hinder the comparability of findings across studies. There is also a clear call for large, well-controlled trials
that can more definitively determine the optimal stimulation protocols, insemination techniques, and adjunctive
treatments for DOR patients. The majority of existing studies are retrospective or involve limited sample sizes,
which reduces the power and generalizability of their conclusions. Recent technological advancements, however,
offer promising avenues for future research. The exploration of artificial intelligence (Al)-based embryo assessment
holds the potential to refine and standardize embryo selection by integrating morphological data with time-lapse
imaging and genetic insights. Al algorithms could decrease subjectivity in embryo grading and more accurately
predict developmental competence, especially within the challenging context of DOR. Furthermore, innovative
fields such as oocyte rejuvenation and the development of stem cell-derived gametes are emerging, with the
potential to overcome the quantitative and qualitative limitations imposed by a diminished ovarian reserve. These
future approaches could revolutionize ART by providing novel interventions that enhance both oocyte quality and
quantity in women with DOR.

1.2. Laser assisted Hatching Techniques

Laser-Assisted Hatching is a cutting-edge assisted reproductive technology, especially for IVF. This advanced procedure
uses lasers to carefully open the zona pellucida around the embryo. This treatment helps the embryo hatch, which is crucial
to IVF implantation (6).

The complexity of Laser-Assisted Hatching requires careful consideration of several parameters. To maximize precision,
practitioners modify laser settings like intensity and duration. Laser kind and application method are also crucial for a precise
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and controlled zona pellucida opening (7).

® Sequential Zona Thinning: The zona pellucida is gradually thinning out with the use of a laser in this Laser-
Assisted Hatching procedure. The procedure is carried out in a structured fashion, with the laser being administered
at several locations around the embryo's outer membrane. The goal of this slow thinning is to make a regulated
opening so that the embryo can hatch easier later on in its development. Thanks to the laser's pinpoint accuracy,
doctors may adjust the zona pellucida thickness to suit each embryo's unique anatomy (8).

e Laser Pulsing Technique: This method creates micro-openings in the zona pellucida by pulsing the laser.
Intermittent laser use reduces heat accumulation, enabling a more regulated and measured approach. Pulsing creates
precise apertures without damaging embryonic structures. Maintaining embryo integrity and optimizing hatching
circumstances is especially beneficial with this strategy (9).

e Laser-Assisted Zona Drilling: Lasers generate small holes or perforations in the zona pellucida during zona
drilling. This method allows for a more direct and concentrated intervention, allowing the embryo to hatch. Laser-
assisted zona drilling precision reduces embryonic structural damage and promotes efficient and regulated hatching.
When a targeted opening is beneficial for specific embryonic circumstances, Laser-Assisted Hatching treatments
are more specialized (10).

1.3. Impact on Vitro Fertilization Success rates

Laser-Assisted Hatching approaches' and its effects on IVF success rates have been extensively investigated in assisted
reproductive technologies. These methods try to improve embryo implantation, a critical factor in IVF success. Impact can
be assessed in numerous ways:

e Improved Embryo Implantation Rates: Laser-Assisted Hatching helps embryos hatch and embed into the uterine
lining. Laser-assisted hatching may increase implantation rates in embryos (11). These strategies aim to optimize
embryo-uterus interaction by controlling zona pellucida opening, potentially improving implantation success.

e Enhanced Pregnancy Success Rate: A viable pregnancy is IVF's ultimate goal. Laser-assisted hatching can
improve pregnancy rates when used properly. These methods may improve

implantation rates and pregnancy advancement, resulting to more clinical pregnancies in IVF couples (12).

e Impact on Live Birth Rates: Live birth rates are critical for assessing IVF success (13). Laser- assisted hatching
may increase live birth rates by improving embryo implantation. This is important for couples considering fertility
treatments because the objective is a healthy kid (14).

® Consideration of Patient-Specific Factors: Laser-assisted hatching may affect IVF success rates depending on
patient variables. These methods are affected by maternal age, embryo quality, and infertility factors (15). To
maximize benefits, laser-assisted hatching must be tailored to patient profiles.

e Risk of Multiple Pregnancies: Laser-assisted hatching improves success rates but has hazards. Increased
implantation rates may increase the probability of multiple pregnancies, which can complicate matters for patients
and doctor (16). To optimize IVF success, these risks must be carefully managed.

Conclusion:

After much research and validation of published studies on oocyte vitrification, the option of efficiently cryopreserving
human oocytes has introduced great benefits to assisted reproductive technology (ART). This method is in order to help
maintain women' s fertility, to postpone childbirth and to eliminate cryopreservation of embryos, which may have moral and
ethical problems. It also facilitates oocyte donation programs, ensuring adequate donor recipient pairing. Although
practically applied in human ART, oocyte vitrification still needs to be improved for its reliability, efficacy and safety. In
order to maximize oocyte cryopreservation, the effect that vitrification has on oocyte quality must be addressed. Oocyte and
embryonic vacuolization are significant indicators of reduced developmental competence in assisted reproductive
technology. Their presence is linked to lower fertilization rates, impaired embryo development, and decreased blastocyst
quality. However, when embryos can self-correct by excluding vacuole-containing cells, successful implantation and healthy
neonatal outcomes are still possible. Careful morphological assessment, patient counselling, and individualized management
strategies are essential for optimizing outcomes in cases with vacuolization. The development of ovulation induction
introduced an essential component supporting female fertility treatment across multiple types of infertility. OI protocols
continue to advance because of increased reproductive physiological knowledge alongside new pharmacological treatments
and better monitoring tools. Medical advances in assisted reproductive technologies (ART) including in vitro fertilization
(IVF) pulled together with these developments allowed the creation of patient-focused therapeutic methods. The treatment
of OI has advanced substantially through clomiphene citrate evolution into letrozole therapy with both gonadotropins and
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insulin treatment options enabling individualized care for women with polycystic ovary syndrome (PCOS). Clinical
practitioners can now deliver optimized treatment results through combined AFC and anti-Miillerian hormone (AMH)
biomarker assessment and enhanced ultrasound and hormonal assays.Al technology exhibits emerging capabilities that
enhance OI protocol personalization by improving predictions about how patients will respond to multiple treatment options.
Data-driven healthcare coupled with precision methods in Osteogenesis imperfecta shows potential to achieve improved
clinical results through decreased costs with reduced side effects from medication. The probability of a successful clinical
pregnancy is fairly impacted by age, with more seasoned ladies having a diminished possibility accomplishing clinical
pregnancy. Upon multivariate examination, it was found that laser assisted hatching was multiple times bound to be
connected with a preferred clinical pregnancy over non-hatching, yet laser hatching had a hardly tremendous impact in
foreseeing a preferred clinical pregnancy over non-hatching and natural random hatching, and that this impact was unaffected
by age.

REFERENCES

[1] Barberet, J., Barry, F., Choux, C., Guilleman, M., Karoui, S., Simonot, R., ... & Fauque, P. (2020). What impact
does oocyte vitrification have on epigenetics and gene expression? Clinical Epigenetics, 12(1), 121.

[2] Bennabi, I., Terret, M. E., & Verlhac, M. H. (2016). Meiotic spindle assembly and chromosome segregation in
oocytes. Journal of Cell Biology, 215(5), 611-619.

[3] Best, B. P. (2015). Cryoprotectant toxicity: facts, issues, and questions. Rejuvenation research, 18(5), 422-436.

[4] Charalambous, C., Webster, A., & Schuh, M. (2023). Aneuploidy in mammalian oocytes and the impact of
maternal ageing. Nature Reviews Molecular Cell Biology, 24(1), 27-44.

[5] Chang, C. C., Shapiro, D. B., & Nagy, Z. P. (2022). The effects of vitrification on oocyte quality. Biology of
Reproduction, 106(2), 316-327.

[6] Chian, R. C., Wang, Y., & Li, Y. R. (2014). Oocyte vitrification: advances, progress and future goals. Journal
of assisted reproduction and genetics, 31, 411-420.

[7] De Munck, N., & Vajta, G. (2017). Safety and efficiency of oocyte vitrification. Cryobiology, 78, 119- 127.

[8] DeMunck, N., Vajta, G., & Rienzi, L. (2018). Oocyte cryopreservation technique. Preventing Age Related
Fertility Loss, 87-101.

[9] Kharche, S. D., & Birade, H. S. (2013). Parthenogenesis and activation of mammalian oocytes for in vitro
embryo production: A review.

[10] Kwan, H. C. (2023). Reconsideration of the safety and effectiveness of human oocyte cryopreservation.
[11] Reproductive Biology and Endocrinology, 21(1), 22.

[12]Lai, D. (2014). Microfluidic Reduction of Osmotic Stress in Qocyte and Zygote Vitrification (Doctoral
dissertation).

[13] Mazzio, E. A., & Soliman, K. F. (2012). Basic concepts of epigenetics: impact of environmental signals on gene
expression. Epigenetics, 7(2), 119-130.

[14] Nagy, Z. P., Chang, C. C., Shapiro, D. B., Bernal, D. P., Kort, H. L., & Vajta, G. (2009, November). The efficacy
and safety of human oocyte vitrification. In Seminars in reproductive medicine (Vol. 27, No. 06, pp. 450-455).
© Thieme Medical Publishers. Al-Izzi, F., Al-Obaidi, M., Sabah Ahmed, E., Sami Khunda, S., Abdulkareem
Wahd, S., & Yousif Shamdeen, M. (2023). Strategies to improve outcomes of ovulation induction and assisted
reproductive technology (ART): the Iraqi consensus. Glob J Reprod Med, 9(4), 555770.

[15] Allahbadia, G. N. (2017). The Art & Science of Assisted Reproductive Techniques (ART). JP Medical Ltd.

[16] Balasch, J. (2012). The role of FSH and LH in ovulation induction: current concepts. Texthook of assisted
reproductive techniques, 117-140.

[17] Balasch, J., Fabregues, F., Creus, M., Puerto, B., Pefiarrubia, J., & Vanrell, J. A. (2001). Follicular development
and hormone concentrations following recombinant FSH administration for anovulation associated with
polycystic ovarian syndrome: prospective, randomized comparison between low-dose step-up and modified
step-down regimens. Human reproduction, 16(4), 652-656.

[18] Balen, A. (2022). Infertility in practice. CRC Press.

[19] Balen, A. H., Morley, L. C., Misso, M., Franks, S., Legro, R. S., Wijeyaratne, C. N., ... & Teede, H. (2016).
The management of anovulatory infertility in women with polycystic

[20] ovary syndrome: an analysis of the evidence to support the development of global WHO guidance. Human
reproduction update, 22(6), 687-708.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 4911



Jyoti Sarwan, Mohamed Abdalmajed, Mohamed Alhaj, Aisha Rehman,
Seme Borgohain, Simran, Tasleem

[21] Barbieri, R. L. (2019). Female infertility. In Yen and Jaffe's reproductive endocrinology (pp. 556-581).
Elsevier.

[22] Barrera, N., Omolaoye, T. S., & Du Plessis, S. S. (2022). A contemporary view on global fertility, infertility,
and assisted reproductive techniques. In Fertility, Pregnancy, and Wellness (pp. 93-120). Elsevier.

[23] Bhide, P. (2021). The role of ovarian reserve markers in fertility and fertility treatment.

[24] Brassard, M., AinMelk, Y., & Baillargeon, J. P. (2008). Basic infertility including polycystic ovary syndrome.
Medical Clinics of North America, 92(5), 1163-1192.

[25] Brinton, L. (2007). Long-term effects of ovulation-stimulating drugs on cancer risk. Reproductive
biomedicine online, 15(1), 38-44.

[26] Brinton, L. A., Moghissi, K. S., Scoccia, B., Westhoff, C. L., & Lamb, E. J. (2005). Ovulation induction and
cancer risk. Fertility and sterility, 83(2), 261-274.

[27] Broekmans, F. J., de Ziegler, D., Howles, C. M., Gougeon, A., Trew, G., & Olivennes, F. (2010). The antral
follicle count: practical recommendations for better standardization. Fertility and sterility, 94(3), 1044-1051.

[28] Cedars, M. 1. (2022). Evaluation of female fertility—AMH and ovarian reserve testing. The Journal of Clinical
Endocrinology & Metabolism, 107(6), 1510-1519.

[29] Chang, P., Kenley, S., Burns, T., Denton, G., Currie, K., DeVane, G., ... & US Multicenter Study 7927
Investigator Group. (2001). Recombinant human chorionic gonadotropin (rhCG) in assisted reproductive
technology: results of a clinical trial comparing two doses of thCG (OvidrelR) to urinary hCG (ProfasiR) for
induction of final follicular maturation in in vitro fertilization—embryo transfer. Fertility and sterility, 76(1), 67-
74.

[30] Chappel, S. C., & Howles, C. (1991). Reevaluation of the roles of luteinizing hormone and follicle-stimulating
hormone in the ovulatory process. Human reproduction, 6(9), 1206- 1212.

[31] Cina, D. P., Phillips, D., & Flannigan, R. (2020). CRISPR/Cas9 in male factor infertility. Current Tissue
Microenvironment Reports, 1, 89-97.

[32] Coccia, M. E., Comparetto, C., Bracco, G. L., & Scarselli, G. (2004). GnRH antagonists. European
Journal of Obstetrics & Gynecology and Reproductive Biology, 115, S44-S56.

[33] Delvigne, A., & Rozenberg, S. (2002). Epidemiology and prevention of ovarian hyperstimulation syndrome
(OHSS): a review. Human reproduction update, 8(6), 559-577.

[34] Dickey, R. P. (2009). Strategies to reduce multiple pregnancies due to ovulation stimulation. Fertility and
sterility, 91(1), 1-17.

[35] Dickey, R. P., & Holtkamp, D. E. (1996). Development, pharmacology and clinical experience with clomiphene
citrate. Human Reproduction Update, 2(6), 483-506.

[36] dos Santos Silva, 1., Wark, P. A., McCormack, V. A., Mayer, D., Overton, C., Little, V., ... & MacLean, A. B.
(2009). Ovulation-stimulation drugs and cancer risks: a long-term follow-up of a British cohort. British journal
of cancer, 100(11), 1824-1831.

[37] Ferber, S., Marks, N. J., & Mackie, V. (2020). IVF and Assisted Reproduction. Springer Singapore.

[38] Ferrao, M. M. (2019). Comparative Study of Clomiphene Citrate Versus Letrozole in Polycystic Ovary
Syndrome Among Infertile Women for Ovulation Induction in Sri Adichunchanagiri Hospital and Research
Centre, Rural Medical College (Master's thesis, Rajiv Gandhi University of Health Sciences (India).

[39] Filicori, M. (1999). The role of luteinizing hormone in folliculogenesis and ovulation induction. Fertility and
Sterility, 71(3), 405-414.

[40] Firouzabadi, R. D., Ahmadi, S., Oskouian, H., & Davar, R. (2010). Comparing GnRH agonist long protocol
and GnRH antagonist protocol in outcome the first cycle of ART. Archives of gynecology and obstetrics,
281, 81-85.

[41] Franik, S., Eltrop, S. M., Kremer, J. A., Kiesel, L., & Farquhar, C. (2018). Aromatase inhibitors (letrozole) for
subfertile women with polycystic ovary syndrome. Cochrane Database of Systematic Reviews, (5).

[42] Hale, L. (2003). Prevention of multiple pregnancy during ovulation induction. 7Twin Research and Human
Genetics, 6(6), 540-542.

[43] Hariton, E., Pavlovic, Z., Fanton, M., & Jiang, V. S. (2023). Applications of artificial intelligence in ovarian
stimulation: a tool for improving efficiency and outcomes. Fertility and sterility, 120(1), 8-16.

[44] Haynes, B. P., Dowsett, M., Miller, W. R., Dixon, J. M., & Bhatnagar, A. S. (2003). The pharmacology of
letrozole. The Journal of steroid biochemistry and molecular biology, 87(1), 35-45.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 4912



Jyoti Sarwan, Mohamed Abdalmajed, Mohamed Alhaj, Aisha Rehman,
Seme Borgohain, Simran, Tasleem

[45]Herbison, A. E. (2018). The gonadotropin-releasing hormone pulse generator. Endocrinology,
159(11), 3723-3736.

[46] Holesh, J. E., Bass, A. N., & Lord, M. (2017). Physiology, ovulation.
[47] Howles, C. M. (2000). Role of LH and FSH in ovarian function. Molecular and cellular endocrinology, 161(1-
2), 25-30.

[48] Howles, C. M., & Shoham, Z. (2023). Drugs Used for Ovarian Stimulation: Clomiphene Citrate, Aromatase
Inhibitors, Metformin, Gonadotropin-Releasing Hormone Analogues, and Gonadotropins. In Textbook of
Assisted Reproductive Techniques (pp. 419-442). CRC Press.

[49] Huang, T. C., Huang, M. Z., Seow, K. M., Yang, L. J., Pan, S. P., Chen, M. J., ... & Chen,

[50]S. U. (2021). Progestin primed ovarian stimulation using corifollitropin alfa in PCOS women effectively
prevents LH surge and reduces injection burden compared to GnRH antagonist protocol. Scientific Reports,
11(1),22732.

[51]Hunter, R. H. (2012). The fallopian tubes: their role in fertility and infertility. Springer Science & Business
Media.

[52]ichael Ludwig, M., Doody, K. J., & Doody, K. M. (2003). Use of recombinant human chorionic gonadotropin
in ovulation induction. Fertility and sterility, 79(5), 1051-1059.

[53] Jurema, M. W., & Nogueira, D. (2006). In vitro maturation of human oocytes for assisted reproduction. Fertility
and sterility, 86(5), 1277-1291.

[54] Kar, S. (2012). Clomiphene citrate or letrozole as first-line ovulation induction drug in infertile PCOS women:
A prospective randomized trial. Journal of human reproductive sciences, 5(3), 262-265.

[55] Loutradis, D., Vlismas, A., & Drakakis, P. (2010). Corifollitropin alfa: a novel long-acting recombinant follicle-
stimulating hormone agonist for controlled ovarian stimulation. Women’s Health, 6(5), 655-664.

[56] Lunenfeld, B., Bilger, W., Longobardi, S., Alam, V., D'Hooghe, T., & Sunkara, S. K. (2019). The development
of gonadotropins for clinical use in the treatment of infertility. Frontiers in endocrinology, 10, 429.

[57]1Lv, M., Zhang, D., He, X., Chen, B., Li, Q., Ding, D., ... & Zhang, Z. (2020). Artificial oocyte activation to
improve reproductive outcomes in couples with various causes of infertility: a retrospective cohort study.
Reproductive biomedicine online, 40(4), 501-509.

[58] Maklad, N. F. (1984). Monitoring follicular development with ultrasound. In Human In Vitro Fertilization and
Embryo Transfer (pp. 119-132). Boston, MA: Springer US.

[59] Mannava, L. L. (2020). A Comparative Study on Ovulation Induction with Clomiphene Citrate Versus Letrozole
in Women with Infertility: A Prospective Randomized Trial at Infertility Clinic, KVG Medical College and
Hospital Sullia (Master's thesis, Rajiv Gandhi University of Health Sciences (India)).

[60] Marinelli, S., Napoletano, G., Straccamore, M., & Basile, G. (2022). Female obesity and infertility: outcomes
and regulatory guidance. Acta Bio Medica: Atenei Parmensis, 93(4).

[61] Maudelonde, T., Brouillet, J. P., & Pujol, P. (1999). Anti-estrogens, selective estrogen receptor modulators
(SERM), tibolone: modes of action. Contraception, Fertilite, Sexualite (1992), 27(9), 620-624.

[62] Nguyen, B. T., Pang, R. D., Nelson, A. L., Pearson, J. T., Benhar Noccioli, E., Reissner, H. R., ... & Acuna, J.
(2021). Detecting variations in ovulation and menstruation during the COVID-19 pandemic, using real-world
mobile app data. PLoS One, 16(10), €0258314.

[63] Olivennes, F., Cunha-Filho, J. S., Fanchin, R., Bouchard, P., & Frydman, R. (2002). The use of GnRH
antagonists in ovarian stimulation. Human reproduction update, 8(3), 279- 299.

[64] Orbetzova, M. M. (2020). Clinical impact of insulin resistance in women with polycystic ovary syndrome.
Polycystic Ovarian Syndrome.

[65] Pacheco, F., & Arrach, N. (2024). Artificial Intelligence in Ovarian Stimulation. Reproductive
BioMedicine Online, 49.

[66] Pandey, S. (2021). Human chorionic gonadotrophin (hcg) trigger-mediated ovulation induction in infertility
management in south Indian women undergoing ivf/icsi regimens: a pilot sexual medicine study with public
health perspective. Journal of Psychosexual Health, 3(1), 57-64.

[67] Papadakis, G. E., Xu, C., & Pitteloud, N. (2020). Hypothalamic Disorders during Ovulation, Pregnancy, and
Lactation. In Maternal-Fetal and Neonatal Endocrinology (pp. 217-240). Academic Press.

[68] Prior, J. C. (2020). Women’s reproductive system as balanced estradiol and progesterone actions—a
revolutionary, paradigm-shifting concept in women’s health. Drug Discovery Today: Disease Models, 32, 31-

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 4913



Jyoti Sarwan, Mohamed Abdalmajed, Mohamed Alhaj, Aisha Rehman,
Seme Borgohain, Simran, Tasleem

40.

[69] Prodromidou, A., Anagnostou, E., Mavrogianni, D., Liokari, E., Dimitroulia, E., Drakakis, P., & Loutradis, D.
(2021). Past, present, and future of gonadotropin use in controlled ovarian stimulation during assisted
reproductive techniques. Cureus, 13(6).

[70] Reed, B. G., & Carr, B. R. (2015). The normal menstrual cycle and the control of ovulation.

[71] Richards, J. S. (1980). Maturation of ovarian follicles: actions and interactions of pituitary and ovarian hormones
on follicular cell differentiation. Physiological reviews, 60(1), 51- 89.

[72] Roberts, R. E., Farahani, L., Webber, L., & Jayasena, C. (2020). Current understanding of hypothalamic
amenorrhoea. Therapeutic advances in endocrinology and metabolism, 11, 2042018820945854.

[73] Robeva, R., Elenkova, A., Kirilov, G., & Zacharieva, S. (2024). Metabolic Risk in Patients with a Diminished
Ovarian Reserve and Premature Ovarian Insufficiency. Journal of Clinical Medicine, 13(17), 5105.

[74] Souter, 1., Sun, F., Zhang, H., Diamond, M. P., Legro, R. S., Wild, R. A., ... & Santoro, N. (2022). A personalized
medicine approach to ovulation induction/ovarian stimulation: development of a predictive model and online
calculator from level-I evidence. Fertility and sterility, 117(2), 408-418.

[75] Sovino, H., Sir-Petermann, T., & Devoto, L. (2002). Clomiphene citrate and ovulation induction. Reproductive
biomedicine online, 4(3), 303-310.

[76] Sowmya, S. (2019). Study of Endocrinological and Metabolic Characteristics of Polycystic Ovarian Syndrome
in Women of Reproductive Age Group (Master's thesis, Rajiv Gandhi University of Health Sciences (India)).
[77] Tarlatzis, B. C., & Grimbizis, G. (1998). Future use of clomiphene in ovarian stimulation. Will clomiphene

persist in the 21st century?. Human reproduction (Oxford, England), 13(9), 2356-2358.

[78] Venetis, C. A., Storr, A., Chua, S. J., Mol, B. W., Longobardi, S., Yin, X., & D’Hooghe, T. (2023). What is the
optimal GnRH antagonist protocol for ovarian stimulation during ART

[79] treatment? A systematic review and network meta-analysis. Human reproduction update, 29(3), 307-326.

[80] Vitale, F., & Dolmans, M. M. (2024). Comprehensive Review of In Vitro Human Follicle Development for
Fertility Restoration: Recent Achievements, Current Challenges, and Future Optimization Strategies. Journal
of clinical medicine, 13(6), 1791.

[81] Vyrides, A. A., El Mahdi, E., & Giannakou, K. (2022). Ovulation induction techniques in women with
polycystic ovary syndrome. Frontiers in Medicine, 9, 982230.

[82] Y. Maximov, P., M. Lee, T., & Craig Jordan, V. (2013). The discovery and development of selective estrogen
receptor modulators (SERMs) for clinical practice. Current clinical pharmacology, 8(2), 135-155.

[83]Yin, N., Zhao, W., Luo, Q., Yuan, W., Luan, X., & Zhang, H. (2018). Restoring ovarian function with human
placenta-derived mesenchymal stem cells in autoimmune-induced premature ovarian failure mice mediated
by Treg cells and associated cytokines. Reproductive Sciences, 25(7), 1073-1082.

[84] Zehravi, M., Magbool, M., & Ara, 1. (2022). Polycystic ovary syndrome and infertility: an update. International
journal of adolescent medicine and health, 34(2), 1-9.

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 4914



