
T
he first birth from a frozen oocyte occurred in 
Australia over 30 years ago (Chen, 1986). This 
scientific breakthrough heralded the beginnings 
of the current day opportunity for women to 
circumvent medical illness and more recently 

the passage of time with postponement of starting a 
family. Advanced technology now allows young women 
to freeze and store oocytes with a realistic chance of future 
pregnancy. 

Cryopreservation technique and outcome 
Early techniques for oocyte cryopreservation revolved 
around slow freezing which, as the name suggests, 
involves a slow step-wise reduction in temperature of 
the oocyte before immersing in liquid nitrogen (Argyle 
et al, 2016). While there have been many successes with 
slow freezing (Boldt et al, 2006; Borini et al, 2010) 
the overall outcome has repeatedly been inferior to 
those with fresh treatment cycles. Italian law limiting 
surplus embryo creation has supplemented the research 
field surrounding oocyte cryopreservation. There is 
a significant reduction in fertilization rates of frozen-
thawed oocytes compared with fresh sibling oocytes 
(73% vs 83%, P<0.001) (Magli et al, 2010). Significant 
differences were also seen in top quality day 2 and 3 
embryos, with a higher proportion of transferred cycles 
occurring with fresh oocytes (93% vs 79%, P<0.001). A 
corresponding reduction in clinical outcome (Borini et 

al, 2010) reflects the reduced laboratory findings with 
slow freeze-thawed oocytes. Deliveries per transfer were 
significantly reduced in thawed vs fresh oocyte transfer 
cycles (11.6% vs 21.6%, P<0.001). 

Vitrification of oocytes, the process of ultra-rapid 
cooling, has seemingly revolutionized the process of 
oocyte preservation. In short, oocytes are cooled at rates 
of 100–10 000°C per minute with the addition of high 
concentrations of cryo-protective additives to reduce 
the risk of ice nucleation and crystallization, before 
submersing in liquid nitrogen (Argyle et al, 2016). There 
are two main methods: open (direct contact between 
oocyte and liquid nitrogen) or closed (indirect contact 
through tubing systems) (Glujovsky et al, 2014). The 
latter is favoured because of concerns regarding bacterial 
contamination when using open systems (Criado et al, 
2011). A survey of UK clinics suggests that three-quarters 
of them chose to use closed systems for vitrification 
(Brison et al, 2012). 

Although there have been conflicting reports on the 
efficacy and outcome of the closed method because of 
slower cooling rates (Bonetti et al, 2011), excellent clinical 
outcomes have nonetheless been documented (Stoop et al, 
2012; Papatheodorou et al, 2013). Comparisons between 
slow freezing and vitrification demonstrate improved 
survival, fertilization and pregnancy rates with vitrification 
techniques (Fadini et al, 2009; Edgar and Gook, 2012). 
This superiority has been acknowledged within the most 
recent National Institute for Health and Care Excellence 
(2013) guideline, which states that ‘In cryopreservation of 
oocytes and embryos, use vitrification instead of controlled-
rate freezing if the necessary equipment and expertise is 
available’. It is now suggested that oocyte vitrification can 
achieve comparable results to fresh oocyte treatment cycles. 
A meta-analysis of five trials demonstrated no difference 
in ongoing pregnancy rates, top quality embryos or 
fertilization between fresh or vitrified oocyte groups (Cobo 
and Diaz, 2011). This has been confirmed more recently 
(Rienzi et al, 2017).

With any developing technology, it is imperative that 
long-term health data are collected. Cobo et al (2014) 
compared the obstetric and perinatal outcomes of vitrified 
vs fresh oocyte pregnancies (804 vs 996). There was no 
difference in obstetric problems (including diabetes, 
hypertension or prematurity), birth weight or congenital 
abnormalities. A French cohort of 50 children born after 
autologous oocyte vitrification show no difference in 
newborn health parameters including birth weight and 
congenital abnormalities (Anzola et al, 2015). 
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ABSTRACT
Advanced technology now allows young women to freeze and store oocytes with 
a realistic chance of future pregnancy. Vitrification has revolutionized oocyte 
preservation, with comparable pregnancy rates to fresh oocyte use. Traditionally 
used for women who were about to undergo sterilizing oncology treatment, now 
the opportunity has been extended for ‘social freezing’. A steady rise in all women 
accessing freezing continues. Despite this, there is a lack of understanding of 
natural fertility and the impact of age on pregnancy outcomes. The optimum time 
for freezing is before a woman reaches her late 30s, which unfortunately is not 
reflected in those accessing egg freezing. The underlying message prevails that 
planning for fertility is best done early, whether that be by physical completion of 
family size or storing oocytes before the passage of time and age prevents it.
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Traditionally women in a relationship who are about 
to undergo sterilizing chemotherapy have been advised to 
cryopreserve oocytes fertilized with their partner’s sperm, as 
the survival of cryopreserved embryos has been significantly 
higher than that of oocytes. With modern techniques, 
however, the option for freezing oocytes has to be discussed 
because of the potential risks that a relationship may not 
survive, in which case embryos would not be able to be 
used in the future unless there is the consent of both parties.

Uptake of freezing
The Human Fertilisation and Embryology Authority 
(2016) Trends and Figures report, detailing data held up 
to and including 2014, documents a steady rise in women 
undergoing freezing including those doing so for medical 
or ‘social’ reasons (Figure 1). Sixty-five clinics in the UK 
offer the treatment with eight of these performing over half 
of the storage cycles. Although the exact reason for storage 
is unclear, >30% are recorded to have no male partner at 
the time of oocyte retrieval. While the numbers opting 
to store eggs are rapidly increasing, these remain only a 
small proportion of the women having fertility treatment 
(890 out of approximately 60 000 cycles in 2014) with 
an even smaller proportion having subsequently thawed 
stored oocytes. The report suggests that the steeper increase 
in uptake since 2010 correlates with the widespread 
introduction of vitrification into UK clinics (Human 
Fertilisation and Embryology Authority, 2016).

The spike in those seeking oocyte preservation is not 
just isolated to the UK. A group of 13 Spanish clinics has 
seen a 5-fold increase in those undergoing elective oocyte 
cryopreservation between 2007 and 2015 (Cobo et al, 
2016). More than 90% of those choosing to freeze their 
oocytes do so for age-related reasons with the remainder 
doing so for non-oncology medical conditions such as 
endometriosis which may impact on their ovarian reserve. 

Who is storing?
Until recent years, oocyte freezing was concentrated under 
the umbrella of fertility preservation for those with cancer 
or other medical conditions who required gonadotoxic 
therapies. For these women, the ability to store oocytes 
was considered a lifeline for their future genetic offspring 
regardless of the lower success rates seen with the older slow 
freeze techniques and potential side effects of treatment 
(Shenfield et al, 2004). This stance has been modified, mainly 
because of the introduction of vitrification and improved 
success rates, to incorporate all women of reproductive 
years regardless of reasoning for the process (ESHRE Task 
Force on Ethics and Law et al, 2012; Martinez, 2017). 
Emphasis is placed on detailed individualized counselling 
with realistic assessments of the probability of offspring 
from the stored oocytes. With improved efficacy of oocyte 
cryopreservation the experimental medicine label has also 
been lifted (The Practice Committees of the American 
Society for Reproductive Medicine and the Society for 
Assisted Reproductive Technology, 2013).

With improving long-term survival rates from cancer, 
the focus on future fertility is increasing. There are now 
over 30 000 childhood cancer survivors living in the UK 
(Wallace et al, 2013), many of whom will wish to have 
a family. Reduced reproductive health is detrimental to 
the quality of life of breast cancer survivors (Howard-
Anderson et al, 2012). With improved efficacy of oocyte 
cryopreservation it is imperative that the option of gamete 
storage is raised with these patients. Uptake of gamete 
storage is >50% when offered to those faced with cancer 
treatment (Alvarez and Ramanathan, 2016) with the 
majority of cases being in breast cancer. 

The delay in starting oncology treatment is often seen 
as a detractor for storing gametes. A comparison in time 
taken to start neoadjuvant chemotherapy has revealed no 
increase in time to treatment when using a random start 
protocol (which roughly requires 2 weeks to complete) for 
oocyte collection (Letourneau et al, 2017). Furthermore, 
there was no detriment to the number of oocytes stored 
using such a protocol. Using random start protocols also 
gives the option to consider back-to-back stimulation cycles 
which may be particularly useful in women with low ovarian 
reserve or for added reassurance with more oocytes stored. 
No decrease in 5-year survival has been shown in those 
who began neoadjuvant chemotherapy up to 6 weeks post-
diagnosis (Smith et al, 2013), strengthening the argument 
that it is safe to undergo oocyte cryopreservation during this 
highly stressful time. A retrospective study (Druckenmiller 
et al, 2016) of women who stored oocytes because they had 
cancer and who returned to use them showed a live birth rate 
similar to those who were undergoing non-cancer-related 
fertility treatment (44% (confidence interval 12–77%) vs 
33% (confidence interval 22–44%)). Within this cohort the 
average time from referral to oocyte collection was 12 days. 

Figure 1. Egg freezing cycles completed and patients undertaking procedure by 
year. From Human Fertilisation and Embryology Authority (2016).
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As the rate of oocyte preservation increases, the number 
of women doing so for elective social reasons increases 
accordingly. Figure 2 shows the number of women who 
choose to freeze oocytes is highest in the 38–39-year-
old group overall. It can be presumed that the larger 
proportion of these are doing so for elective reasons. A 
UK study suggested that the average woman electively 
storing her oocytes was 37 years of age, university educated 
and without a partner at the time of storage (Baldwin et 
al, 2015). It has been suggested that women place more 
emphasis now on finding the ‘right’ life partner rather 
than entering motherhood as a single woman or in a 
compromised relationship, which in part is an explanation 
for delayed parenthood (Cobo et al, 2016).

An interesting cross-sectional study of American 
women revealed that 87.2% were aware of elective oocyte 
freezing, of whom 25% would consider undergoing it. 
Yet of this cross-section only 29% knew what the process 
actually involved (Milman et al, 2017). A further survey 
in a medically educated cohort revealed knowledge of the 
effect of age on fertility was limited, with 89.4% delaying 
child bearing for their career and education (Anspach et 
al, 2017). These findings are alarming in the modern age 
when media coverage is widespread regarding the impact of 
delayed child bearing, and indicate that more needs to be 
done to educate the population as a whole about the decline 

in natural fertility with age. These figures also suggest that 
although social freezing has gained momentum, there may 
still be large numbers of the population who would freeze 
oocytes if they were aware of it and could afford to freeze 
for social reasons.

Advocates of ovarian reserve screening argue that having 
knowledge of one’s own individual assessment (Tremellen 
and Savulescu, 2014) may alter the reproductive choices 
made. For example, this may allow informed earlier 
recourse to oocyte vitrification allowing reproductive 
autonomy. The counter argument to this is that storage 
may actually stifle reproductive autonomy by placing a 
‘pressure’ on women to produce genetic offspring and 
therefore denormalising alternative family methods. In the 
same vein, corporate offers from giants such as Facebook 
and Apple to fund egg freezing for their employees 
(Mertes, 2015) may be seen as well meaning by some but 
may also be seen as a cynical way of jeopardising family life 
to maximize workplace efficiency. Women who place more 
importance on their career are more likely to be optimistic 
about delayed child bearing and also more amenable to 
the use of donor eggs if required (Simoni et al, 2017). 
Despite optimism, it is recognized that with delay in child 
bearing comes the occurrence of childless families who 
ultimately would not have chosen that outcome (Kneale 
and Joshi, 2008). 

The option to freeze eggs is not solely for those 
undergoing cancer treatment or those opting to delay 
motherhood. Other conditions such as endometriosis 
and rheumatological conditions can impact on ovarian 
reserve, with patients benefiting from oocyte freezing 
(Cobo et al, 2016). For those wishing to undergo gender 
reassignment, oocyte and tissue cryopreservation may serve 
to allow genetic parenthood in the future (De Roo et al, 
2016), although this raises concern of where the gametes 
will ultimately be used. 

In the UK, there is an additional consideration based 
upon the legal framework of the Human Fertilisation and 
Embryology Authority which allows for the freezing of 
oocytes for no more than 10 years unless there is a risk of 
premature infertility – in other words storing for social 
reasons has a legal restriction of 10 years.

Reality and outcomes?
The age at storage is crucial for the success of oocyte 
cryopreservation. While there is no doubt that the 
technology available for storage and use of frozen oocytes 
has radically improved, the overall success of treatment is 
reliant on the quality of the oocyte. This is especially true 
for those in the social freezing category. While data from 
an oocyte donation programme cites a 6.5% oocyte-to-
baby rate with an increasing live birth rate with increasing 
number of oocytes used (Cobo et al, 2015), it is clear from 
the Human Fertilisation and Embryology Authority data 
that the peak age of those freezing is among 38–39-year-olds 
who are unlikely to achieve optimum egg storage numbers 
and as such live birth outcomes. Initial estimates of 100 

Figure 2. Age at storage of oocytes from 2001–2014. From Human Fertilisation and 
Embryology Authority (2016).
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The option to freeze eggs is not solely for 
those undergoing cancer treatment or those 
opting to delay motherhood ... conditions 
such as endometriosis and rheumatological 
conditions can impact on ovarian reserve. 
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cryopreserved oocytes being required for one pregnancy 
(Argyle et al, 2016) have now radically reduced to 8–10 
oocytes (Cobo et al, 2016) for those under 36 years of age. 
In the latter study, if more than 10 oocytes were used the 
success rate continued to increase in those ≤35 years but 
no improvement in clinical pregnancy rate was seen in 
those older than this.

Without question there is a higher chance of success 
the younger the age at which oocytes are frozen. One 
of the largest data sets to look at outcomes for women 
electively choosing to cryopreserve (Cobo et al, 2016) 
shows a significant reduction in oocyte survival, clinical 
pregnancy and live birth rate when comparing those 
≤35 years with those ≥36 years. The survival rate was 
shown to be 94.6% vs 82.4%, with a live birth rate over 
50% lower in the older age group (50% vs 22.9%). These 
data were based on a 9.3% return rate to use the frozen 
oocytes after a relatively short mean storage period of 
2.1 years. Given that the primary objective of storage 
is to postpone the time until attempted pregnancy, it 
is highly likely that with extended review more women 
would return for treatment and presumably similar if 
not widened differences in success rates would be seen 
(as more of the younger frozen oocytes are used). These 
differences in success rates are no surprise and clearly 
mirror the decline in fertility seen with advancing age, 
largely in response to declining oocyte quality and 
aneuploidy rates. 

It is imperative that women who request oocyte 
freezing are given realistic expectations by counselling 
before treatment. The vast majority of results for oocyte 
freezing are generated from donor populations who are 
in general a younger population, with a better prognosis. 
As the most common consultation (Human Fertilisation 
and Embryology Authority, 2014; Cobo et al, 2016) is in 
the older woman when fertility is already in decline the 
truth is that these women may already have left it too late 
for optimum outcome. Despite this knowledge, there is 
speculation that patients may benefit psychologically from 
attempting to preserve the ability to have their own genetic 
offspring (Hodes-Wertz et al, 2013). 

The financial implication of freezing is also an important 
consideration. For those storing for oncological reasons 
the initial storage of gametes is usually covered by the 
clinical commissioning group in the UK, if all other 
funding criteria are met. For those women who wish to 
store otherwise the cost of storage is upwards of £3000 
per cycle plus medication costs. The future thaw and 
fertilization of the stored oocytes costs a further £3000 
minimum per cycle. A rudimentary search of the internet 
for egg freezing in the UK reveals a plethora of clinics 
offering the service. An interesting modelling study looked 
at the cost effectiveness of oocyte freezing at 35 years of 
age to enable a pregnancy at the age of 40 years. Their 
Markov model showed that oocyte freezing provides 
more value for money than standard in-vitro fertilization 
at the age of 40 years (van Loendersloot et al, 2011). It is 

recognized that although oocyte freezing is always more 
costly, whether that be for the patient or funding body, it 
is more effective at producing live births than no storage in 
oncology situations. This is especially true for older women 
undergoing low risk chemotherapy regimens or younger 
women undergoing high risk regimens (Lyttle Schumacher 
et al, 2017). 

Conclusions
Improved technology and public education has allowed 
oocyte cryopreservation to become a feasible option for 
many women wishing to preserve their fertility. With 
clinical success rates equalling that of fresh embryo transfer 
cycles, the viability of the technique has been proven. 
Caution is necessary when counselling older women 
regarding their individual outcomes. As with all fertility 
treatments, there is not a ‘one-size-fits-all’ policy. With 
the peak number of women accessing egg freezing being 
in their late 30s, the reality persists that the chance of a 
baby is slim from treatment. For those who have no other 
option such as those undergoing sterilizing oncological 
regimens, the balance shifts further in favour of storage. 
The underlying message remains that planning for fertility 
is best done early, whether that be by physical completion 
of family size or storing oocytes before the passage of time 
and age prevents it.  BJHM
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