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Abstract

Fertility preservation has evolved into a central pillar of contemporary
reproductive medicine due to demographic shifts toward delayed childbearing,
increasing cancer survivorship, and expanding reproductive autonomy for
women. Among the currently available fertility preservation strategies, oocyte
(egg) freezing and embryo freezing represent the most established and clinically
validated approaches. While embryo cryopreservation has traditionally been
associated with superior reproductive outcomes, advances in vitrification
technology have substantially improved oocyte survival, fertilization, and
pregnancy rates, challenging earlier paradigms [1-3]. This chapter provides a
comprehensive comparison of egg freezing and embryo freezing, examining
biological principles, technological advances, clinical efficacy, ethical and legal
implications, psychological impact, cost-effectiveness, and patient-centered
decision-making. The chapter aims to critically address the question of which
method is superior and under what circumstances, emphasizing the importance
of individualized fertility preservation strategies.
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1. Introduction

Female reproductive aging is characterized by a progressive decline in both the
quantity and quality of oocytes, beginning in the early thirties and accelerating
after the age of 35 years [4]. This biological reality contrasts sharply with modern
societal trends in which women increasingly delay marriage and childbearing for
educational, professional, and personal reasons [5]. Consequently, age-related
infertility has emerged as a significant public health concern.
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Assisted reproductive technologies (ART) offer effective interventions to
overcome infertility; however, success rates decline with advancing maternal age
even with in vitro fertilization (IVF) [6]. Fertility preservation strategies aim to
mitigate this decline by cryopreserving reproductive material at a biologically
optimal age. Egg freezing and embryo freezing are currently the most widely
practiced and evidence-based fertility preservation options [1,7].

Historically, embryo freezing has been regarded as the gold standard due
to higher implantation and live birth rates. However, the refinement of oocyte
vitrification has led to comparable outcomes in selected populations, prompting
renewed debate regarding the optimal method for fertility preservation [2,3,8].

2. Historical Evolution of Cryopreservation in Reproductive Medicine
Cryopreservation in reproductive medicine began with embryo freezing,
culminating in the first reported pregnancy from a frozen—thawed embryo in the
early 1980s [9]. This achievement marked a turning point, enabling storage of
surplus embryos and significantly improving cumulative pregnancy rates per IVF
cycle.

Early attempts at oocyte cryopreservation were hampered by technical
challenges related to the unique cellular structure of the oocyte, including its
large size, high water content, and vulnerability of the meiotic spindle to
temperature fluctuations [10]. Initial slow-freezing protocols resulted in poor
survival and fertilization rates, limiting clinical applicability [11].

The introduction of vitrification—a rapid freezing technique that
prevents ice crystal formation—represented a paradigm shift in cryobiology [12].
Vitrification dramatically improved post-thaw survival of both embryos and
oocytes, leading to widespread adoption in IVF laboratories [2,13]. In 2012,
professional societies formally removed the “experimental” designation from
oocyte cryopreservation, recognizing it as a standard clinical practice [1].

3. Biological and Technical Principles of Cryopreservation

3.1 Principles of Vitrification
Vitrification involves ultra-rapid cooling of cells in the presence of high
concentrations of cryoprotectants, resulting in a glass-like solidification without
ice crystal formation [12]. Ice crystals are the primary cause of cellular injury
during freezing; their elimination significantly enhances cell survival.

Both oocytes and embryos benefit from vitrification, although oocytes
remain more sensitive due to their complex cytoskeletal organization [10,14].
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3.2 Egg Freezing (Oocyte Cryopreservation)

Egg freezing involves controlled ovarian hyperstimulation, transvaginal oocyte
retrieval, selection of mature metaphase I oocytes, and vitrification without prior
fertilization. Preservation of the meiotic spindle and chromosomal integrity is
critical, as damage may lead to aneuploidy or fertilization failure [14,15].
Several studies have demonstrated survival rates exceeding 90% for vitrified
oocytes, with fertilization and cleavage rates comparable to fresh oocytes when
intracytoplasmic sperm injection (ICSI) is used [2,16].

3.3 Embryo Freezing
Embryo freezing requires fertilization of oocytes via IVF or ICSI before
cryopreservation. Embryos may be frozen at the cleavage stage or blastocyst
stage, with blastocyst vitrification showing superior implantation and live birth
rates [17,18].

Embryo freezing benefits from the fact that early developmental
competence has already been demonstrated, allowing selection of embryos with
higher implantation potential [19].

4. Indications for Fertility Preservation

4.1 Medical Indications

Fertility preservation is strongly recommended for women undergoing
gonadotoxic treatments such as chemotherapy, radiotherapy, or hematopoietic
stem cell transplantation [20]. Egg freezing is often preferred in oncology
patients due to time constraints and the absence of a male partner [21].

4.2 Elective (Social) Indications

Elective egg freezing for age-related fertility preservation has increased globally.
Women pursuing this option typically cite lack of a suitable partner, career
considerations, and desire for reproductive autonomy [5,22].

Embryo freezing is more commonly utilized by couples undergoing IVF who
wish to preserve surplus embryos or adopt a freeze-all strategy [23].

4.3 ART-Related Indications

Embryo freezing is integral to modern IVF practice, including management of
ovarian hyperstimulation syndrome, endometrial receptivity optimization, and
preimplantation genetic testing [24].
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5. Clinical Outcomes and Success Rates
Numerous studies have evaluated outcomes following egg and embryo freezing.
Embryo cryopreservation consistently demonstrates higher cumulative live birth
rates per initiated cycle, particularly in women over 38 years of age [25,26].
However, when oocytes are frozen before 35 years of age, live birth rates
following egg freezing approach those of embryo freezing [2,8]. Modeling
studies suggest that approximately 15-20 vitrified oocytes are required to
achieve a reasonable probability of at least one live birth in women under 35
years [26].
Importantly, large cohort studies have not demonstrated an increased
risk of congenital anomalies, obstetric complications, or adverse neonatal
outcomes in children born from vitrified oocytes or embryos [27,28].

6. Advantages of Egg Freezing
Egg freezing offers several unique advantages. It preserves reproductive
autonomy by allowing women to defer both partner selection and reproductive
decisions [22]. It avoids ethical dilemmas related to embryo disposition and is
associated with fewer legal restrictions in many jurisdictions [29].

Egg freezing is particularly valuable for single women, adolescents
facing gonadotoxic therapy, and women with religious or ethical objections to
embryo freezing [21,30].

7. Advantages of Embryo Freezing

Embryo freezing offers greater predictability of success due to confirmation of

fertilization and early embryonic development [19]. It also allows for

preimplantation genetic testing for aneuploidy (PGT-A), which improves

implantation rates and reduces miscarriage risk, especially in older women [31].
From a cost-effectiveness perspective, embryo freezing generally

requires fewer cycles to achieve a live birth compared with egg freezing [32].

8. Limitations and Risks
Egg freezing does not guarantee future pregnancy, and success is highly
dependent on age at freezing and number of oocytes stored [26]. There is also a
risk of overestimating success, leading to delayed childbearing beyond optimal
reproductive age [22].

Embryo freezing carries ethical and legal challenges related to
ownership, consent withdrawal, and embryo disposition in cases of divorce or
death [29,33].
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9. Ethical, Legal, and Social Considerations
Ethical debates surrounding fertility preservation focus largely on embryo status.
Egg freezing is generally considered ethically less complex, as it does not involve
potential human life [29].

Embryo freezing raises questions regarding posthumous reproduction,
long-term storage, and destruction of unused embryos, with legal frameworks
varying widely across countries [33,34].

10. Psychological Impact and Patient Perspectives
Qualitative studies indicate that women undergoing egg freezing often
experience psychological reassurance and reduced anxiety related to age-related
fertility decline, even if the frozen oocytes are never used [35].

Conversely, embryo freezing may generate emotional distress related to
decisions about unused embryos and prolonged storage [36].

11. Cost-Effectiveness and Resource Utilization

Economic analyses suggest that embryo freezing is more cost-effective for
couples already undergoing IVF, whereas egg freezing may require multiple
cycles to accumulate sufficient oocytes [32,37]. However, egg freezing remains
the only viable option for fertility preservation in single women.

12. Special Populations
Egg freezing is preferred for oncology patients and women without partners,
while embryo freezing is advantageous in stable couples and women of advanced
reproductive age [20,21].

13. Which Is Better and Why?

There is no universally superior method. Embryo freezing offers higher
predictability and efficiency, while egg freezing offers autonomy, flexibility, and
fewer ethical concerns [1,2,29]. The optimal choice depends on age, relationship
status, medical indication, ethical beliefs, and financial considerations.

14. Future Directions

Emerging technologies such as artificial intelligence—based embryo selection,
improved vitrification solutions, and ovarian tissue cryopreservation may further
refine fertility preservation strategies [38,39].
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15. Conclusion

Egg freezing and embryo freezing are complementary rather than competing
fertility preservation strategies. Individualized, evidence-based counseling is
essential to align clinical outcomes with patient values and expectations.
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