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Abstract: Increasing numbers of women are undergoing oocyte or tissue cryopreservation for medical
or social reasons to increase their chances of having genetic children. Social egg freezing (SEF) allows
women to preserve their fertility in anticipation of age-related fertility decline and ineffective fertility
treatments at older ages. The purpose of this study was to summarize recent findings focusing on
the challenges of elective egg freezing. We performed a systematic literature review on social egg
freezing published during the last ten years. From the systematically screened literature, we identified
and analyzed five main topics of interest during the last decade: (a) different fertility preservation
techniques, (b) safety of freezing, (c) usage rate of frozen oocytes, (d) ethical considerations, and
(e) cost-effectiveness of SEF. Fertility can be preserved for non-medical reasons through oocyte,
embryos, or ovarian tissue cryopreservation, with oocyte vitrification being a new and optimal
approach. Elective oocyte cryopreservation is better accepted, supports social gender equality, and
enhances women’s reproductive autonomy. Despite controversies, planned oocyte cryopreservation
appears as a chosen strategy against age-related infertility and may allow women to feel that they
are more socially, psychologically, and financially stable before motherhood.

Keywords: social egg freezing; elective egg freezing; oocyte cryopreservation; fertility preservation;
age-related infertility; oocyte vitrification; delayed childbearing

1. Introduction

The fertility preservation field has developed over the last two decades, but data
regarding its results are limited. An increasing number of women choose to delay the
conception of a child for various social reasons.

Social egg freezing (SEF) allows women to preserve their fertility in anticipation of age-
related fertility decline and ineffective fertility treatments at older ages. “Social freezing” is
the term used when eggs or ovarian tissue are frozen for non-medical causes and used later
in life. The terminology used is controversial. “Elective egg freezing” is the term preferred
by most women. “Social egg freezing” highlights the fact that women’s reproductive
choices are socially embedded. We often encounter the term “non-medical egg freezing” or
“egg freezing for non-medical reasons”. The decision to cryopreserve oocytes to protect
women against age-related fertility decline should be considered a preventive medical
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treatment, which led to the use of the term “AGE banking” (oocyte banking for anticipated
gamete exhaustion) [1,2].

After many years of research, we have started to understand what motivates increasing
numbers of women worldwide to freeze eggs for elective rather than medical reasons.
They undergo this procedure for professional, personal, financial, and/or psychological
reasons. The most common cause of delaying childbearing cited by women is the lack
of a partner suitable for creating a family. The second reason is professional, related to
completing education, career advancement, and inflexibility in the workplace, with women
considering becoming pregnant before 35 years as affecting their career [1,3,4].

Elective egg freezing is allowed for healthy women age between 30 to 41 years as a
solution against age-related infertility problems; it is considered to be an act of preventive
medicine. In addition, this technology offers women across reproductive age the possibility
of having genetic children when they reach financial stability and have sufficient maturity
and emotional support [5,6].

Epidemiological studies showed that women who choose elective egg freezing are
commonly Caucasian, between 36 and 40 years of age, with higher education, professional
employment, and without a partner [1,3].

The reproductive window is narrower in women than in men. After the mid-thirties,
women’s fertility potential decreases gradually, with lower fertility after 35 years. Women’s
fertility continues to decline every year until menopause because the number and quality
of the primordial follicles of oocytes decrease, associated with lower chances of the oocytes
being fertilized, higher risk of abnormal embryos, and fetal loss [1,3,7].

Women who choose elective oocyte cryopreservation may address their gynecologist
or fertility preservation team, consisting of an embryologist, fertility specialist, and a
psychologist or counselor [8]. However, for quality decision-making, they should be
informed of the risks of the procedure, benefits and costs, the success rates, long-term
outcomes regarding physical health, psychological well-being, currently known data on
the health of children born from frozen oocytes, duration of storage of frozen eggs, and
sign an informed consent form [2,5,9].

From a financial perspective, it is preferable to preventively cryopreserve eggs at a
younger age than pay for possibly unsuccessful fertility treatments due to older age [5,10].

Since 2012, increasing numbers of fertility centers worldwide have been providing
elective oocyte cryopreservation to women who want to maintain their reproductive
potential long-term [6] (Figure 1). In addition, an increasing number of women choose
to delay the conception of a child for social reasons; yet, limited data are available on
the topic.

The purpose of our study was to systematically review the recent findings focusing
on the elective egg freezing challenges published in the last decade in primary databases.
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Figure 1. Elective oocytes cryopreservation: worldwide map (data provided by International Federation of Fertility Societies’
Surveillance [11], created with Mapchart.net).

2. Materials and Methods

We performed a systematic qualitative review in the present study according to the
Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines.
For this purpose, we performed a preliminary search on Google Scholar. We systematically
searched PubMed®/MEDLINE (http://www.ncbi.nlm.nih.gov/PubMed, accessed on 15
January 2021) and Web of Science® databases for recent literature as systematic reviews
(SRs), meta-analyses (MAs), (randomized) clinical trials (RCT/CT), and clinical case series
(CCS) related to elective egg freezing.

We restricted searching for articles written in English for the prior ten-year period us-
ing the specific keywords “social egg freezing”, OR “elective egg freezing”, OR “oocyte cry-
opreservation”, OR “fertility preservation”, OR “age-related infertility” AND “Romania”.
We selected recent eligible studies after we screened titles, abstracts, and full-text articles.

For data extraction, the following data were selected: author(s), year of publication,
study country, the aim of the study, study design, and main results. We selected CTs and
CCS as presented below for all the data searched and retrieved from the database sources.
Two independent investigators extracted the data and selected a sample of eligible studies,
achieving good agreement. Firstly, we screened articles by title and abstract, and then by
full text, with snowball searches of key papers. Finally, we excluded duplicates and articles
not fulfilling the search criteria.

Data analysis was performed by three authors (R.G.B., A.L.P., and B.A.N.). Over
3000 studies with or without a control group were identified and screened for eligibility.
According to the topic search, the data extracted included demographic variables, number
of participants in the study, treatment, side effects profile, and associated comorbidities.
We completed the data collection in February 2021. The quality of the studies selected
for review was evaluated. Thirty-seven references were included in the present review,
centered on the five main topics included in the search.

Mapchart.net
http://www.ncbi.nlm.nih.gov/PubMed
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The statistical analysis was performed using Microsoft Excel® in 2013 (Microsoft®

Corporation, Redmond, WA, USA).

3. Results
3.1. Study Selection

3.1.1. PubMed®/MEDLINE Search

“Elective” AND “egg” AND “freezing” (reviews and clinical trials) retrieved 78 com-
bined results, “oocyte cryopreservation” (human) retrieved 3593 studies (all-time, since
1983) with 108 RCTs, of which 54 were performed during the past ten years and 4 RCTs
during the last year. The search refined to Romania retrieved four results; no research was
conducted in Romania during the study period (Figure 2).

Figure 2. A systematic search for the keywords “social freezing (oocytes)” on the PubMed® database
(all-time topic) retrieved 124 results (30 reviews and meta-analysis), filtered to 54 papers refined
to Medline and 25 refined to “human” since the first clinical report in 1983 [12], one systematic
review [13], with three papers published during the last year.

3.1.2. Web of Science® Database Search

For this search, the search term TITLE was (social) AND TOPIC was (egg freezing)
The timespan searched was all years. We searched the following databases: WOS, BCI,
CCC, DRCI, DIIDW, KJD, Medline®, RSCI, Scielo, and Zoorec. The search language auto-
retrieved 73 results: 69 in the Web of Science Core Collection and 46 in Medline®, with
15 articles and 12 reviews. After the two databases were searched, we selected 47 clinical
trials and 11 reviews as eligible, with 37 articles included in the present study, centered on
five main topics: (1) fertility preservation techniques, (2) safety of freezing, (3) usage rate of
the frozen oocytes, (4) ethical considerations, and (5) cost-effectiveness of SEF.

More detailed information regarding the selection process is presented in the PRISMA
flow diagram in Figure 3.
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Figure 3. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) diagram describing our systematic
search and study selection process (RCT, randomized clinical trial; CT, clinical trial).

3.2. Fertility Preservation Techniques

Fertility can be preserved for medical or non-medical reasons with similar success
rates [14] through oocyte, embryos, or ovarian tissue cryopreservation. Cryopreservation
involves storing cells and tissues at negative temperatures for extended periods, using
cryoprotective additives to prevent ice formation [15].

3.2.1. Oocyte Cryopreservation

Oocyte cryopreservation is an elective method for fertility preservation for age-related
infertility and involves ovarian hormonal stimulation, oocyte retrieval, freezing, and
oocyte storage [3,16]. Our systematic search on the social freezing topic refined to oocyte
cryopreservation refined to articles published during the last ten years ((TS = (oocyte
cryopreservation)) AND TS = (techniques) AND TS = (social freezing)) retrieved 17 results.

As of 2013, the American Society for Reproductive Medicine (ASRM) no longer
considered oocyte cryopreservation an experimental procedure to become a realistic option
for fertility preservation against age-related decline [3].

In 2016, Argyle et al. conducted a systematic search on the topic, reporting a rise in
the success rate of oocyte preservation and increased use of the vitrification technique,
generating in vitro fertilisation (IVF) pregnancy rates similar to those achieved using
fresh oocytes. They emphasized that vitrification is the cryopreservation technique of
choice and needs a long-term follow-up of outcomes and children born from frozen-
thawed oocytes [17].

As one in six Australian women and couples experience infertility, in 2018, the Aus-
tralasian CREI Consensus Expert Panel on Trial evidence group (ANZSREI ACCEPT)
emphasized that the technique improves cumulative live birth outcomes for women, ex-
panding future family building options. ANZSREI produced a consensus statement on
elective cryopreservation to facilitate an optimal approach for providing care and recom-
mended the shift of terms from the potentially stigmatizing term social egg freezing to
elective or planned oocyte cryopreservation [18].
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Ovarian stimulation protocols can be initiated at any moment in the menstrual cycle,
Random start, or DuoStim when two stimulations are achieved. Two oocytes are retrieved
in the same menstrual cycle [19] to optimize the maturity, quality, and quality and quality
of the oocytes [20]. In addition, preimplantation genetic tests for aneuploidy (PGT-A)
revealed that ovarian stimulation does not raise the embryo aneuploidy rate [21,22].

Oocyte vitrification is the technique of choice for oocyte cryoprecipitation [17] using the
Cryotop protocol employed for oocyte vitrification initially established by Kuwayama et al.
in 2005 [23].

In 2021, a study published on cohort survey on 133 women who underwent social
oocyte cryopreservation (OC) investigated (1) initial motivation for freezing, (2) intentions
to use the oocytes, (3) intervention feedback, and (4) awareness of the success of the entire
procedure for future pregnancies. The study found an average age of 38.5 years for oocyte
freezing, with 55 cryopreserved oocytes; the major reported motivation is the absence of a
male partner in 40% and anticipated age-related fertility decline in 42% of the respondents.
The success rate of OC was overestimated in 72% of the participants, suggesting that despite
prior comprehensive, personalized counseling, a realistic understanding of reproductive
aging is deficient in potential patients, leading to an eventual false sense of security [24,25].
However, in previous studies, only 6% of participants in OC used their stored oocytes (due
to single parenting concern) and 3% gave birth as a result [26]. Wafi et al., in 2020, revealed
a significant increase in the usage rate of OC at 20.3% [27].

3.2.2. Embryo Cryopreservation

Embryo cryopreservation is widely available in fertility preservation but needs legal
ownership between both partners, leading to further difficulties. For example, a woman
who separates from their partner with the embryos may not become pregnant if they
retract their consent [2]. In addition, the complex approach toward a gamete instead of
an oocyte generates a decreased interest in the topic, as shown in the retrieved database
search (Figure 4).

Figure 4. Results retrieved for on-topic search keywords “embryo” AND” cryopreservation” AND
“social” AND “human” in the Web of Science® Core Collection and Medline® databases. The
systematic search retrieved 303 results (all-time) with 90 published papers during the last ten years
in all databases, from which we excluded books and others; 56 results were retrieved after data
filtering, of which 23 were reviews, and 31 were articles. We identified four main papers focused on
the EC topic.

After IVF interventions, the unused embryos are frozen and stored for further use [28],
raising the issue of surplus abandoned embryos [29]. Assisted fertility procedures consider-
ing the personal and social factors to freeze embryos were studied in 2015. Goswami et al.
found that couples experienced confusion associated with the term “freezing”, had con-
cerns about the safety of the procedure, and ethical conflicts about freezing “babies” [28].
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The way the couple visualizes the embryo (as a living entity, a baby, or as tissue) defines
their future decision-making process.

Another implication of gamete or EC and surrogacy regards transgender patients with
a desire to achieve pregnancy [30].

Monjean et al. showed that vitrifying slow kinetics embryos are a procedure worth
envisaging as it generated a non-negligible chance of pregnancy in a five-year prospec-
tive study on individually cryopreserved (Cryotop®) and warmed (Kitazato vitrifica-
tion/warming kit) embryos with endpoints of transfer, implantation, and pregnancy rates.
The pregnancy versus transfer was as high as 30.3% in the grade-three embryos based
on development [31].

3.2.3. Ovarian Tissue Banking

Freezing of ovarian tissue is another method used for medical or non-medical fertility
preservation. For example, it allows retrieval of endocrine function, offers the possibility of
natural conception after tissue transplantation, and postpones menopausal symptoms and
related conditions [3,32].

Barriers to using ovarian tissue freezing are the need for surgical intervention to
remove and replace the tissue, worries about the effects of removal of one ovary, and the
risk after tissue transplantation of a possible IVF/ICSI procedure [33]. In contrast to a high
success rate, the usage rate in ovarian tissue cryopreservation ranges around 8.7%, with a
57% live birth rate [34].

3.2.4. Optimal Timing of Cryopreservation

Women’s age at the time of storage and the number of mature oocytes retrieved are
predictor factors for future live births [1,3].

The optimal timing for a woman to freeze her eggs, with a much higher success
rate, is under 35 years, as after this age, the quality and number of eggs decline [2,35].
Cryopreserving eggs at an earlier age can minimize the number of cycles necessary to obtain
sufficient eggs and maximize egg quality, with the risk of never using them. With increasing
age in women at the time of oocyte cryopreservation, outcomes are more negative. Women
who are older at the time of ovarian stimulation for oocyte preservation require higher
gonadotropin doses and storage of more oocytes of lower quality [36,37].

Still, an agreement is lacking regarding the optimal time of oocyte cryopreservation.
Studies based on surveys reported ages between 36 and 38 at the moment of cryopreser-
vation [1]; conversely, Mesen et al. found maximum benefits when cryopreservation is
performed between 32 and 37 years, with little benefit at ages 25–30 [38].

3.2.5. The Optimal Number of Oocyte

The number of oocytes retrieved should be individualized depending on the patient’s
age, clinical circumstances, and ovarian reserve. Establishing the ovarian reserve using
FSH and AMH values and the number of antral follicles can predict the oocyte numbers
that can be retrieved [3,19].

Multiple cycles of controlled ovarian stimulation might be needed to obtain a sufficient
number of oocytes [1]. Women can attempt a maximum of four oocyte retrieval cycles; the
ideal number of retrieved oocytes is 20 [5,37].

Studies about fertility preservation in women demonstrated the high efficacity of
this technology, as the probability of live birth increases with the number of cryopre-
served oocytes, depending on the age of the oocyte. Existing data revealed a greater
than 90% cumulative live birth rate (CLBR) using 24 frozen eggs and an 85.2% CLBR
when 10–15 oocytes are used from a woman who cryopreserved her oocytes at 35 years
or younger [1,39]. Storage of ten oocytes provides a probability of live births per thawed
oocyte of 60.5% in women under 35 years compared to 29.7% in women aged over
35 years [40]. Cobo et al. [28] found that pregnancy rates are age-dependent and estimated
that a minimum of 8–10 oocytes are necessary to achieve pregnancy, whereas Doyle et al.
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revealed that the use of 20 oocytes results in a CLBR of 60–80% in women between 35 and
38 years old [36].

A mathematical model can be used to predict the live birth-rate probability based on
the number of cryopreserved oocytes and the woman’s age at the moment of cryostorage.
For example, to obtain a 75% CLBR, women at 34, 37, or 42 years need to cryopreserve 10,
20, and 61 eggs, respectively [41].

A total of 15 to 20 oocytes retrieved in freeze-all cycles ensures a balance between the
procedure’s safety and efficacy with individualized stimulation protocols [19].

Cryopreservation of a small number of oocytes can limit the success rate, whereas
an excessive number of oocytes can result in unjustified costs and decrease the cost-
effectiveness of additional recovery procedures.

3.2.6. The Quality of Oocytes

Artificial intelligence (AI) was recently used to assess the quality of embryos and
oocytes to create a highly predictable model for ART, which was able to recognize and
classify embryos and oocytes [42] automatically.

In 1997, Kaufmann et al. created the first artificial neural network (ANN) to predict the
success of a pregnancy, including the following parameters: the patient’s age, the number
of competent oocytes, the number of transferred embryos, and the type of embryos (fresh
or frozen) [43].

The development of AI has allowed the integration of new technologies in ART
automation by processing oocytes (denudation by removing cumulus cells and oocytes
positioning) to improve the efficiency and quality of ART [44].

Thus, AI for the selection [45] and the evaluation [46] of oocytes is a cheap, non-
invasive method that is easy to integrate into the flow of ART. Cavalera et al. identified
competent or incompetent oocytes with an accuracy of 91.03% [47]. Faramarzi et al. [46]
used AI methods to quantify and evaluate oocyte development using a time-lapse tech-
nique, whereas Yanez et al. reported that a lack of embryonic viability is associated with
certain gene expression transcriptomes of oocyte maturation [48].

The application of OMICS platform technologies in the field of egg freezing was found
to be a challenging method of assessing the quality of oocytes [49,50] (Figure 5).

Figure 5. The OMICS technologies used for oocytes assessment.

3.3. Safety of Freezing

The longer a person waits before becoming pregnant, the more likely it is that
some diseases, accidents, or life circumstances will affect fertility or increase the risk of
fetal abnormalities.
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Recent studies demonstrated the safety of using vitrified oocytes on neonatal outcomes
and genetic diseases, with the risk of congenital anomalies being the same as natural
conception or following IVF treatment with fresh oocytes. No risks specific to freezing are
known [51–53]. The risk of fetal loss and aneuploidies associated with age can be reduced
using younger oocytes [54].

Chian et al. analyzed 165 pregnancies and 200 newborns and revealed that the
incidence of congenital anomalies (2.5%) and the mean weight at birth are similar in infants
born from cryopreserved oocytes to those spontaneously conceived. No obstetric and
perinatal-specific risks to freezing are known [55]. The emotional health of children born to
older mothers should be further studied and the associated child health outcomes [3,5].

The medical risks associated with cryopreservation are linked to (a) ovarian stimula-
tion and (b) oocyte retrieval.

Ovarian hyperstimulation syndrome (OHSS) is the most common adverse event ex-
perienced with ovarian stimulation. OHSS can have mild, moderate, severe, or critical
clinical manifestations. Mild and moderate OHSS appears in 3–6% of cases with headaches,
fatigue, nausea, irritability, breast tenderness, abdominal pain, weight gain, and enlarged
ovaries. Severe or critical OHSS occurs in 1–3% of stimulation protocols, are character-
ized by ascites and pleural effusion, shortness of breath, dehydration, vomiting, oliguria,
hemoconcentration, thromboembolic events, and massive ovary enlargement, which are
potentially life-threatening. Ovarian stimulation protocols with gonadotrophin-releasing
hormone agonists to trigger ovulation reduce the risk of OHSS [1,16].

Oocyte retrieval procedures might result in pelvic pain, intraperitoneal bleeding,
pelvic infection, damage to organs, ovarian torsion, and anesthesia risks [1,3,52]. In
addition, the risk of bleeding is higher after more than 30 oocytes are retrieved [19].

IVF is also associated with risks for women who use their frozen-thawed oocytes to
achieve a pregnancy. Multiple pregnancies related to age at storage and cerebral palsy
sequelae due to premature birth are the most important risks associated with assisted
reproduction techniques (ART). The risks also include pregnancy-related hypertension,
operative delivery, and low birth weight [3,16].

Advanced maternal age is associated with a high risk of ectopic pregnancy, first-
trimester losses, and obstetric risks such as preeclampsia, gestational diabetes, preterm
birth, low birth weight, and cesarean birth [1,3,6]. These risks are the same in older women
who achieved pregnancy using vitrified oocytes or IVF [51,54].

Long-term liquid nitrogen cryopreservation does not affect the euploidy rate or IVF
success [1,53]. Therefore, women should be counseled regarding the procedure’s success
rate and comprehend that it is not insurance against age-related infertility. However, with
the new Israeli legislation, cryopreserved eggs can be fertilized and implanted until 54
years in this country [5].

3.4. The Usage Rate of Frozen Oocytes

The usage rate, a critical issue for elective egg freezing, is the percentage of women
who use their frozen oocytes. Stoop et al. found that 50.8% of women reported the intention
to use cryopreserved oocytes at some point in life; at three years after freezing time, 29.2%
reported intention to use them. Hodes-Wertz et al. found that only 6% of women (11 of 183)
used their oocytes, and only three conceived a child [56]. A survey of 23 women revealed
that two used their frozen eggs, and one became pregnant [57].

In a retrospective observational study on 1468 women who underwent elective fertility
preservation, published in 2016, Cobo et al. found that 9.3% of women used their oocytes
at 39.2 years old, 2.1 years after freezing time, on average [40]. In another retrospective
study of 6362 women that vitrified their oocytes for elective or oncofertility indications,
Cobo et al. reported that the usage rate is 12.1% after 2.1 years of storage, with a mean age
at the freezing time of 37.6 ± 3.5 years, and a mean age at the return of 39.9 ± 7 years [39].
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Hammarberg et al. analyzed the reasons for the low usage rate of frozen oocytes,
and the most common were found to be single-parent issues, the preference to conceive
naturally, and not wanting to use a sperm donor [58], as well as insufficient knowledge and
interest of women in the procedure at the optimal age range to perform FP (28–35 years).

Frozen oocytes can be stored for unlimited time without deterioration. However,
legislation from the UK allows storage for a maximum of 10 years; after that, eggs must be
discarded, limiting the success rate [3].

Decision regret is an indicator of the quality of health decisions. It involves negative
emotions following a decision. In a retrospective survey of 201 women who electively
cryopreserved their oocytes between 2012 and 2016, Greenwood et al. analyzed decision
regret using the decision regret scale (DRS). Of the women interviewed, 51% had no
decision regret, 33% reported mild decision regret, and 16% experienced moderate-severe
decision regret, which indicates a low, but non-negligible, the prevalence of regret (mean
of DRS was 10, with a range of 0–90). Factors associated with increased decision regret
were a low number of frozen oocytes, a poor understanding of information and emotional
support during the freezing process, and a reduced estimated probability of achieving a
live birth using cryopreserved oocytes [59].

3.5. Ethical Considerations

The Ethics Committee of the American Society of Reproductive Medicine found
that planned oocyte cryopreservation ethically allows increasing women’s reproductive
autonomy and promotes social equality [60]. The first birth using vitrified human oocytes
in the U.S. was reported in 2013 [61]; oocyte vitrification was allowed in the French
Bioethics law of 2011 but is still debated [62–64]. The National Bioethics Council in Israel
recommends OC to decrease age-related fertility [65], whereas in EU countries such as
Austria, egg freezing for social reasons is currently not allowed but debated [66].

The ethical debate of the topic arouses many issues such as commercial exploita-
tion, the medicalization of reproduction, women’s autonomy, idealization about the right
time for a pregnancy, the impact of egg freezing on sex inequality, and professional
norms [3,67,68].

Ethical perspectives involve evaluating the benefits, risks, costs, long-term implica-
tions, and proper counseling of those interested in elective fertility preservation of future
efficiency and safety of future use [3,68].

Ethical arguments in favor of elective egg freezing focus on benefits to women and
gender equality. Many women perceive egg freezing as an opportunity to stop the biological
reproductive clock, acting as an insurance policy against age-related infertility, offering
them reproductive autonomy and a chance to produce genetic children. Additionally, egg
freezing at a younger age can reduce the risk of genetic abnormalities in children, which
increases with the mother’s age [54,67].

Ethical arguments against the idea of fertility preservation for non-medical indication
include the false sense of security of a future pregnancy produced by cryopreserved
oocytes, which might support women in delaying childbearing, with secondary risks of
late pregnancy for mother and child, and effects on the psychosocial development of the
child due to late parenthood. In addition, many women who choose egg freezing for social
reasons never return to use them is an argument against this procedure [3,68].

3.6. Cost-Effectiveness

Oocyte cryopreservation costs for age-related fertility loss may increase social inequal-
ity as it is only available to women who can afford the significant financial outlay [2].

State insurance systems do not stipulate elective egg freezing; this service is provided
in the private sector and is paid for by the patients. However, some patients with private
medical insurance may have part of the costs covered [5]. In 2012, Mertes et al. argued that
transfer cycle costs should be covered, as with IVF cases, as should the costs of ovarian
stimulation and oocyte retrieval and storage [69].
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Companies offering to pay female employees to cryopreserve their oocytes raises
ethical issues such as coercion and manipulation, making women feel that they need to
delay motherhood to demonstrate dedication to their work. Young women view this act
positively, offering them the chance to develop and reach the financial stability required for
raising a child [2,16,67].

Cost-effectiveness defines procedure-related benefits. Elective egg freezing at a
younger age can reduce the costs associated with infertility treatment and would be
more successful and cost-effective [70] if performed at 35 [38] or 37 years of age [71]. An
important cost consideration to discuss is the number of desired children; as the number of
desired children increases, the procedure may be more cost-effective at a younger age [70].

When women decide to choose elective fertility preservation, to understand the costs
involved in freezing (consultations, medications, blood tests, oocyte retrieval, freezing, and
storage), IVF, and the usage rate, when estimating cost-effectiveness, women must consider
the usage rate of the oocytes [1,10,16].

Loendersloot et al. demonstrated that the oocyte-freezing procedure is cost-effective if
61% of the women return to use their frozen eggs later in life [71]. In 2012, the American
Society for Reproductive Medicine reported the slowing of the growing demand of FP
procedures for delayed pregnancy in healthy women as oocyte cryopreservation or ovarian
tissue cryopreservation (OTC) appears to be cost-effective [72].

4. Discussion

Oocyte cryopreservation is an elective method for fertility preservation against age-
related infertility and involves ovarian hormonal stimulation, oocyte retrieval, freezing,
and oocyte storage. Table 1 provides a synopsis of the main studies related to elective
egg freezing.

Table 1. Synopsis of studies according to patients’ perspectives and counseling assessment about elective egg freezing.

Author

Perspectives/Counselling

Year Cases Study Design Age (Years) Positive
Attitude Single Higher

Education
Costs

Concerns
Number of

OC Birth Usage
Rate

Willing to
Donate Eggs

Hodes-Wertz [56] 2013 183 Survey 23–46
38 ± 2.7 100% 84% - - 6–10 3 6% 63%

Daniluk [73] 2015 500 Self-report
questionnaire 18–38 66% 58.2% 73% 85.6% - - - 57.2–67%

Lewis [6] 2016 1064 Online questionnaire 18–65 17.8% 63.2% - - - - - -

Hammarberg [26] 2016 95 Survey 37.1 * - 86% 89% - 14.2 3 6% -

Milman [74] 2017 1000 Cross-sectional 34.5 *
(28–38) - 23% 13.6% - - - - -

Santo [75] 2017 444 Survey 33.2 ± 6.6 85.4% 13.1% 28.6% 49.3% - - - -

Inhorn [76] 2018 150 Audio-recorded
interview 36.2–36.6 - 85% 100% - - 1 6% -

Esfandiari [77] 2019 103 Survey 26–30 44.7% 23.3% 100% - - - - 57.2%

Tozzo [78] 2019 930 Survey 18–35 19.5% 48.7% 100% 48.4% - - - 42.5%

Cardozo [79] 2020 171 Survey 21–45 - 50% 100% 59% - - - -

Johnston [80] 2020 656 Survey 18–60 >65% 27.6% 65.1% - - - - -

Wafi [27] 2020 138 Online questionnaire 35.7 ± 0.9 - 83% 15% - 17.6 13 20.3% 76.5%

Caughey [81] 2021 234 Online questionnaire 25–43 - 22.2% 36.8% - - - - -

*, mean.

In April 1986, The Lancet Journal reported the first human birth from a frozen oocyte,
achieved in Australia. However, the use of the initial slow-freezing technique led to low
oocyte survival, embryo development, and low pregnancy rates [17,51]. Over the past few
years, oocyte cryopreservation has been challenging and has advanced considerably.

Currently, special programs are available that help us calculate the number of
oocytes needed to be harvested depending on the patient’s age to increase the risk of
getting pregnant [41].
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Through exhaustive analysis of the studies, we tried to synthesize some common
points on patient’s attitudes towards oocyte preservation in all cases. A positive attitude
on the issue was observed to vary between 17.8% and 100%, a higher level of education
between 13.6% and 100%, concern about costs between 48.4% and 85.6%, and the status of
the patient (single) was between 13.1% and 86%. This variability attests to the significant
differences in the selection of cases, the period in which the follow-up of cases was per-
formed, the distribution of patients in groups, and the criteria that were considered when
developing questionnaires.

In the future and in the absence of international guidelines to support the standardiza-
tion of IVF cryopreservation policy, many advanced techniques may be used (vitrification
protocol, cryoprotective solutions, large tissue transplantation/whole ovary, biocompatible
transplantable ovary, and artificial ovary) [52,82,83]. However, an ovarian autograft cannot
be applied to leukemia or steroid-related cancers patients due to the increased risk of
ovarian metastasis [83].

Vitrification, a novel ultra-rapid egg-freezing technique, was introduced, improving
survival rates and clinical outcomes similar to those of fresh oocytes usage with a 90–97%
survival rate, 71–79% fertilization rate, 17–41% implantation rate, and 4.5–12% clinical
pregnancy rate per vitrified oocyte [3,5,52]. In addition, Gallardo et al. reported a vitrifica-
tion method based on a dehydration protocol structured over two minutes, with evidence
of cell survival after heating and the resumption of the intracellular process of cytokinesis,
which improves the workflow of fertilization treatments in vitro [84].

To further achieve a standardized heating protocol, the survival rate of frozen embryos
depends on establishing a precise concentration of extracellular cryoprotectants in the
thawing/heating processes [85].

As of 2013, oocyte cryopreservation was no longer considered an experimental proce-
dure by the American Society for Reproductive Medicine (ASRM). However, in 2012, the
American Society for Reproductive Medicine recommended slowing the growing demand
of FP procedures for delayed pregnancy in healthy women due to the procedure not being
cost-effective. Loendersloot et al. stated that the procedure is cost-effective when 61% of
the women return to use their frozen eggs later in life [71].

Since 2020, the ovarian tissue banking system (OTB) was no longer considered an
experimental procedure. This technique involves removing a healthy ovary and cryopre-
serving it. The ovary is available for reimplantation after remission of disease, with most
women regaining ovarian function. However, the procedure is used to maintain fertility in
cancer patients and is not commonly available for non-medical indications [86].

Embryo cryopreservation has entered the discussion connected to IVF procedures,
as specific amounts of embryos are not used, being considered surplus or abandoned
post-IVF procedures. With this procedure, couples are confused about the ethical issues
regarding the embryo, regarding it as a living entity, a baby, or as tissue. Gamete or EC and
surrogacy are particular regarding transgender patients wanting to achieve pregnancy in
certain circumstances.

The optimal age at social freezing is under 35 years (between 32 and 47 years). Cry-
opreserving eggs at an earlier age can minimize the number of cycles necessary to obtain
sufficient eggs and maximize egg quality; older women require higher gonadotropin doses
and storage of more oocytes of lower quality. Cryopreserved eggs can be fertilized and
implanted until the age of 54 years in Israel.

The optimal number of oocytes is 20, with a maximum of four oocyte retrieval cycles.
Storage of ten oocytes produces a probability of live birth per thawed oocyte of 60.5% in
women under 35 years, compared to 29.7% in women aged over 35 years [40]. Thus, a
mathematical model can be used to predict the live birth rate probability based on the
number of cryopreserved oocytes and the woman’s age at the moment of cryostorage.
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No risks specific to freezing are known [51–53]. The age-associated risk of fetal loss
and aneuploidy can be reduced using younger oocytes [54]. Medical risks associated with
cryopreservation surround those surrounding ovarian stimulation and oocyte retrieval.

The usage rate (the percentage of women who return to use their frozen oocytes) was
50.8% all-time and 29.2% at three years after the freezing moment.

Decision regret is an indicator of the quality of health decisions, measured by the
decision-regret scale (DRS), consisting of negative emotions following the decision. Deci-
sion regret was absent in 51% of women who electively cryopreserved their oocytes (from
2012 to 2016).

However, various ethical considerations surround elective fertility preservation. Al-
though it is still debated in several countries (Austria and France), it is recommended
(Israel). Oocyte cryopreservation for age-related fertility loss is provided in the private
sector, so costs are borne by the patients; some patients with private medical insurance
may have part of the costs covered [5]. When estimating cost-effectiveness, women must
consider the usage rate of the oocytes [1,10,16].

In this study, we only approached the female side of gamete conservation. The social
freezing of sperm is different from the social freezing of oocytes, being less focused on
preserving fertility, instead of reducing increased genetic risks due to advanced paternal
age. Sperm freezing is most often recommended for male cancer patients, those with
vasectomy, or those exposed to toxic environmental factors [87].

The future is represented by the involvement of nanotechnology, microfluidic bio-
physics, and oocyte culture using immature eggs from fresh ovarian tissue to establish the
effectiveness of complete in vitro growth (IVG) of follicles, in vitro maturation (IVM), and
in vitro fertilization technology (IVF) [83].

5. Conclusions

The social freezing topic is highly debated. Oocyte cryopreservation offers women
the chance to have genetic children later in life, reducing uncertainty and anxiety. Socio-
economic evolution is the most-noted reason influencing this new medical trend.

Fertility preservation clinicians should properly inform women about the safety, effi-
cacy, benefits, usage rate, risks, and costs of the procedure and offer them real expectations
to mitigate potential harms. Due to the novelty of the procedure, many women are less
aware of the safety and efficacy of the procedure, including the possible complications
of a pregnancy at an older age. Future research on usage rate, live birth rate, pregnancy
outcomes, and long-term follow-up of children conceived using frozen-thawed oocytes
are necessary.

Limitations

Within the study, we selected CTs and RCTs from the PubMed and Web of Science
Core Collection databases, searched by title and abstract topic; we did not analyze papers
present in other databases.

Author Contributions: Conceptualization, R.G.B., A.L.P., and V.N.V.; methodology, V.N.V., R.G.B.,
and A.L.P.; software, V.N.V., A.L.P. and B.A.N.; validation V.N.V., C.M., O.N.P., and A.L.P.; formal
analysis, R.G.B., A.L.P. and B.A.N.; investigation, V.N.V. and A.L.P.; resources, R.G.B., O.N.P., B.A.N.
and D.A.; data curation, V.N.V., A.L.P., R.G.B., and B.A.N.; writing—original draft preparation, V.N.V.,
A.L.P., and R.G.B.; writing—review and editing, V.N.V., A.L.P., and B.A.N.; visualization, V.N.V.,
B.A.N., O.N.P. and A.L.P.; supervision, C.M. and V.N.V.; project administration V.N.V., C.M. and
A.L.P. All authors equally contributed to the manuscript. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2021, 18, 8088 14 of 17

Abbreviations

ART Assisted Reproduction Techniques
AMH Anti-Müllerian hormone
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CT Clinical Trial
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