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Abstract
Purpose To better understand the characteristics of patients who returned to thaw their frozen eggs to attempt conception and
their outcomes.
Methods A retrospective analysis of clinical records for all own egg thaw patients in two UK fertility clinics across 10 years,
2008–2017.
Results There were 129 patients who returned to thaw their eggs, of which 46 had originally frozen their eggs for social reasons
and 83 for a variety of clinical, incidental, and ethical reasons (which we have called Bnon-social^). Women who had frozen their
eggs for social reasons were single at time of freeze, with an average age of 37.7. They kept their eggs in storage for just under
5 years, returning to use them at the average age of 42.5. 43.5% were single at time of thaw, and 47.8% used donor sperm to
fertilise their eggs. Women whose eggs were frozen for non-social reasons were almost all (97.6%) in a relationship at both time
of freeze and thaw. They had an average age of 37.2 at first freeze and 37.6 at thaw, having kept their eggs in storage for an
average of 0.4 years. Overall, there was a 20.9% success rate among women attempting conception with frozen-thawed eggs.
Conclusions Despite widespread assumptions, many women attempting conception with thawed eggs had not initially frozen
them for social reasons. Women who froze their eggs for social reasons presented distinctly and statistically different character-
istics at both time of freeze and thaw to women whose eggs were frozen for non-social reasons.
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Introduction

Since its development during the first decade of the new mil-
lennium, the technology of oocyte vitrification, or egg freez-
ing as it is more commonly known, has firmly established its
place in both popular discourses and media representations

[1]. However, it has taken longer to establish the empirical
scholarship on this topic and to develop a rigorous under-
standing of the impact of the Begg freezing revolution^ [2]
on society, relationships, and our notions of reproductive age-
ing. Strikingly, although it was only in 2012, a mere 7 years
ago, that the American Society for Reproductive Medicine
(ASRM) lifted the Bexperimental^ label from the practice of
egg freezing [3], some have argued that we are now
witnessing Bthe dawn of a new ice age^ [4], in which a sig-
nificant proportion of young women consider themselves to
be Bpotential social oocyte freezers^ [5, 6]. No doubt, the
demonstrated successes of egg freezing, including a series of
randomised controlled trials, which have suggested compara-
ble fertilisation and pregnancy rates for in vitro fertilisation
(IVF) cycles using fresh and frozen-thawed eggs [7–9], have
been a key factor in the growth of this technology. In addition
to these reassurances, there has also been a growing body of
clinical and medical data exploring the obstetric and perinatal
outcomes associated with vitrification, which suggest that
there is no significant increase in congenital abnormalities

* Zeynep B. Gürtin
z.gurtin@ucl.ac.uk

Lucy Morgan
z.gurtin@ucl.ac.uk

1 Institute for Women’s Health, UCL, 84-96 Chenies Mews,
London WC1E 6HU, UK

2 Sociology Department, University of Cambridge, 16 Mill Lane,
Cambridge CB2 1SB, UK

3 Merck Ltd., 2 Pancras Road, London N1C 4AG, UK
4 London Women’s Clinic, 113-115 Harley Street, London W1PG

6AP, UK

Journal of Assisted Reproduction and Genetics (2019) 36:1069–1080
https://doi.org/10.1007/s10815-019-01429-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-019-01429-6&domain=pdf
http://orcid.org/0000-0002-2375-3895
mailto:z.gurtin@ucl.ac.uk


for children born from vitrified eggs [10–12]. However, to
date, much of the clinical research has looked at outcomes
of frozen eggs from young egg donors that have no fertility
impairments [13], without necessarily enough attention being
directed at how and in what ways women electing to freeze
and subsequently use their own eggs might differ from egg
donor populations. It is these women that we focus on in this
paper.

Until recently, we have had only very limited demographic
information about women who have frozen their own eggs
[14, 15], with our team conducting the first UK-based large-
scale quantitative analysis of the characteristics women who
had frozen their eggs [16]. In that paper, we were able to give
details of the number of women freezing their eggs each year,
as well as their age at egg freeze, relationship status, average
number of cycles undertaken, and average number of eggs
frozen. We were also able to identify different categories of
egg freezing based on an analysis of 514 freezing cycles,
although (due our methodology, which involved analysing
clinic records as opposed to speaking with women them-
selves) we were unable to provide details of women’s experi-
ences and motivations as they would have articulated them.
Such qualitative and much needed insights into women’s own
perspectives on and assessments of egg freezing have only
recently begun to emerge, thanks to the efforts of medical
anthropologists [17–19] and sociologists [20–23]. Currently,
however, we remain mostly in the dark regarding how egg
freezing impacts women’s lives and circumstances and have
no long-term follow-ups that explore the reasons why women
may never use their eggs, nor indeed the decision-making or
circumstances of women who return to use their frozen-
thawed eggs to attempt conception. Indeed, studies from both
US [24] and UK [16] clinics suggest that around 95% of
women who froze their eggs for social reasons still have them
in storage several years later. While many more women may
choose to use their eggs in the future, we simply do not know
at this stage what these women’s clinical, social, and emotion-
al experiences will be. This not only creates a fundamental gap
in our understandings of the social uses and impacts of egg
freezing technology but also has direct consequences for pro-
viding accurate information for women considering the pro-
cedure and challenges the possibilities for informed consent
[25].

For example, while much of the public discussion around
egg freezing has focused solely on women freezing their eggs
for Bmedical^ or so-called Bsocial^ reasons, egg freezing ac-
tually takes place in a variety of clinical situations used, for
example, to manage the IVF treatment of low-responder pa-
tients [26, 27] or in cases of sperm unavailability or risk of
ovarian hyperstimulation syndrome [28]. Indeed, our team’s
prior analysis of all own egg freezing cycles at the London
Women’s Clinic over a 5-year period revealed the importance
of noting these Bnon-social^ reasons for freezing eggs, which

we conceptualised as distinct categories with statistically sig-
nificant differences between them (from one another [16]). We
were particularly struck to note that while social egg freezing
(SEF) accounted for 75.7% of the freezing cycles in that
dataset, it only corresponded with 14.9% of cycles in which
eggs had already been thawed to attempt conception. This
suggest that the information we have (for example from the
HFEA) about women who have thawed their frozen eggs con-
cerns mainly women who originally froze their eggs for non-
social reasons and may therefore not be appropriate in
counselling or informing women who are considering freez-
ing their eggs for social reasons about their future success rates
and outcomes. We would therefore argue that it is not only
imperative that women receive accurate information about the
potential success rates of a technology like egg freezing
[29–31], but are able to discern which findings apply to them
(or women in their situation), in order to make informed
decisions.

In the UK, the Human Fertilisation and Embryology
Authority (HFEA), the statutory body that regulates and in-
spects all clinics providing ARTs, has allowed the use of fro-
zen eggs in fertility treatments since 2000 [32], but only began
publishing national data pertaining to egg freezing in 2016
[33]. Their two reports released last year, in March and
October 2018 [34, 35], expand on the information available
by providing broad figures for egg freezing practice in the UK
up to 2016. Although the HFEA data provides the most com-
prehensive information about egg freezing in the UK, the re-
ports contain some important inconsistencies [36] and leave
many questions regarding the practice of egg freezing and the
characteristics of British women who freeze their eggs
completely unanswered. For example, while the HFEA’s
March 2018 report provides information on the age distribu-
tion of women who have frozen their eggs, there is no infor-
mation on their relationship status [34]. In the October 2018
report, we are told that 53% of women freezing their eggs in
2016 were registered with a male partner, but are not told
anything about the reasons why these partnered women de-
cided to freeze their eggs [35]. Perhaps evenmore importantly,
while we have some information about thaw cycles that have
taken place in the UK and the age of women thawing their
eggs, we do not have any information regarding, for example,
the length of time women kept their eggs in storage for, or
whether they used partner sperm or donor sperm to fertilise
their thawed eggs [34, 35]. In general, only a small percentage
of the thaw cycles reported in the latest HFEA report [35] are
linked with corresponding freeze cycles, making it impossible
to test on a larger scale our findings regarding the differing
thaw rates of eggs corresponding to different categories of egg
freezing (RBMO). Although there has already been some US-
based discussions of the difficulties of reporting banking cy-
cles, considering the increase of (both embryo and egg) bank-
ing cycles, it has now become imperative to address these
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difficulties [27, 37, 38]. Moreover, since the UK context has a
reputation for being well regulated and thoroughly document-
ed, these data omissions are both surprising and detrimental to
our understanding of egg freezing practice.

Thus, in the current study, we aim to address some of these
important gaps in knowledge, in particular regarding egg
freezing and egg thawing in the UK. Our primary question
concerns the characteristics of patients who have returned to
thaw their eggs to attempt conception and the outcomes of
these thaw cycles. Our analysis provides, for the first time,
the complete demographic characteristics (e.g. age at freeze
and thaw; relationship status at freeze and thaw) of all the
women who thawed their eggs at the London Women’s
Clinic (LWC) or the Bridge Centre over a 10-year period,
from the first own egg thaw case, which occurred in 2008 to
the end of 2017. We also provide a comparative exploration of
the characteristics of women who froze their eggs for social
and other non-social reasons, building on our previous claim
[16] that it is crucial to record the Bcategory of egg freezing^
in order to adequately understand the different characteristics
and trajectories of women who freeze their eggs in different
circumstances. While we can only provide data from two
clinics, since these clinics between them have carried out a
large proportion of egg freeze and egg thaw cycles in the UK
over the past 10 years, we believe the results to be illuminating
and informative.

It is important to clarify at the outset precisely what we
mean when we refer to Bsocial^ and Bnon-social^ egg freezing
in this paper. Throughout the existing literature, SEF has been
the categorymost commonly associated with the phenomenon
of egg freezing. This refers to women who have chosen to
freeze their eggs for so-called Bsocial reasons,^ concerned
primarily with age-related fertility decline and wishing to in-
crease their chances of motherhood in the future. Although
there are valuable debates regarding whether Bsocial^ is the
best or most appropriate terminology for this type of egg
freezing [15, 19], in this paper, we have decided to stay with
it in order to differentiate between this and other forms of
Belective^ (i.e. non-medical) egg freezing.

Indeed, as discussed in our analysis of clinical egg freezing
(CEF) data [16], there were several other categories of
Belective^ egg freezing within our sample. In this paper, we
refer to them collectively as Bnon-social egg freezing^ (in
order to differentiate these from the better known category
of Bsocial egg freezing^). Within this Bnon-social^ group,
there were in fact three different categories, which we have
termed CEF, IEF, and EEF. We explain the specificities of
each of these categories below.

CEF refers to cycles in which eggs were frozen for
Bclinical^ reasons, as an intentional part of the IVF treatment
of certain patients. These patients were attempting conception
through IVF, but had been advised to undergo egg freezing to
Bbatch^ eggs, either because they were expected to produce a

low number of eggs per cycle or because they had a high
likelihood of producing eggs with chromosomal abnormali-
ties. As such, these patients were not using egg freezing to
postpone conception per se, but to increase their chances of a
healthy pregnancy through IVF (see also [26]).

IEF refers to the Bincidental^ freezing of eggs during what
was intended to be a routine IVF cycle, when, for some rea-
son, there was no sperm to enable fertilisation on the day of
egg collection. In our sample, this included both patients
whose male partners were unable to reach the clinic that day,
as well as patients whose partner’s semen sample proved—
unexpectedly—unusable. In these cases, the eggs were frozen
(as opposed to discarded) with the intention to fertilise them as
and when a viable sperm sample could be provided.

And finally, EEF referred to one egg freezing cycle in our
sample in which the patient undergoing IVF wished to freeze
her eggs because she found it ethically objectionable to create
and store embryos.

It is interesting to note that there were no instances of med-
ical egg freezing (MEF) within our sample of womenwho had
come to thaw their eggs, even though this is the second most
recognised category of egg freezing in the literature. The ex-
planation for this is the fact that we were looking at records
from two private clinics, and in the UK, most women who
wish to access MEF are likely to do so through NHS clinics
with public funding.

Materials and methods

Data for this paper were gathered using a retrospective evalu-
ation of the LWC’s and the Bridge Centre’s existing documen-
tation regarding past patients. Patient records and laboratory
data were used to create a comprehensive database of all own
frozen egg thaw cycles undertaken at the LWC and the Bridge
Centre.

First, all treatment cycles logged as Bown egg thaw^ at the
LWC and the Bridge Centre were compiled in a spreadsheet.
Then, the entries were double-checkedmanually to ensure that
all were instances of own egg thaws, and any cycles of frozen
donor eggs were excluded. (For the rest of this paper, for
convenience, Begg freezing^ and Begg thaw^ refer exclusively
to Bown egg^ cycles and exclude any freezing or thaw cycles
that were part of egg donation programmes.) These cycles
were then linked with the original corresponding egg freeze
cycles of the same patients. This left us with 151 thaw cycles
over a 10-year period, beginning with the very first egg thaw
cycle in 2008 and ending at the end of 2017. In total, the study
sample represents 151 cycles of egg thaw undertaken by 129
patients, who had frozen their eggs in a total of 220 original
egg freezing cycles. The difference between the number of
freeze and thaw cycles can be accounted for by the fact that
some women underwent several cycles of egg freezing
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(particularly those in the CEF category, as we have descried
above), but thawed all of their eggs in one thaw cycle.

Researchers reviewed and cross-checked the clinical en-
tries and lab records for each of the 129 patients identified as
having thawed their eggs and created an extensive excel data-
base containing all relevant information with regard to these
patients’ egg freeze and egg thaw cycles. In this way, for each
patient, we are able to compile data on: patient ID; date of
birth; age at first egg freeze cycle; total number of egg freezing
cycles undertaken; dates for each egg freezing cycle undertak-
en; number of eggs frozen per cycle; total number of eggs
frozen; reason for egg freezing; relationship status at time of
egg freeze; location where eggs were frozen; years eggs were
in storage; number of thaw cycles undertaken; dates of thaw
cycle(s); number of eggs thawed (total and per cycle); age at
thaw cycle(s); relationship status at time of thaw; sperm
source at thaw (partner or donor sperm); outcome; and current
status (regarding any additional eggs or embryos remaining in
storage).

Once the above data were recorded, they were examined
and analysed. Building on our previous analysis of egg freez-
ing data [16], we explored the differences in this dataset be-
tween patients who had originally frozen their eggs for social
reasons with patients who had frozen for other, non-social,
reasons (including CEF, IEF, and EEF as described above).

An in-depth numerical analysis was undertaken on various
aspects of the data using Excel workbooks. This included a
range of measures, including for example, calculating the av-
erage numbers of eggs frozen per cycle by patients in each
category and the average numbers of freezing cycles under-
taken by each patient; determining the age ranges and average
ages of patients in each category at both the time of freeze and
thaw; and working out the comparative percentages of pa-
tients who were in a relationship and patients who were single
at both time of freeze and time of thaw. These calculations
were used to create result tables and figures to illustrate spe-
cific properties of this complex dataset as clearly as possible.

Statistical analyses

Statistical analyses using the chi-squared test were applied as
appropriate, in particular to determine the statistical signifi-
cance of the observed differences between the thaw cycles
of eggs originating from social versus non-social egg freezing
cycles.

Freezing and thawing techniques

Almost all of the thaw cycles (145/151) included in our sam-
ple refer to the thawing of eggs, which were originally frozen
either at the LWC or the Bridge Centre using the vitrification
method. These eggs were denuded of cumulus cells with hy-
aluronidase solution (Irvine, USA) approximately 2 h after

egg collection. Throughout the years, different vitrificvation
protocols have been used. The majority of them have occurred
with Kitazato, but some older ones were done with COOK,
Medicult, or SAGE Media. The vitrification protocol is in
most cases the same with slight modifications. The eggs once
denuded were then vitrified in two steps at room temperature
(24–26 °C). They are firstly moved for 12–15 min in an equi-
librium solution, which contained 7.5%DMSO and 7.5% EG.
Eggs showing full recovery to normal size were then trans-
ferred to the vitrification solution, which contained 15%
DMSO and EG plus 0.5-m sucrose for 70–80 s. Using a min-
imum of vitrification solution, eggs were loaded in Cryotop
straws (Kitazato, Japan) as quickly as possible and plunged
into liquid nitrogen for storage. The remaining six thaw cycles
refer to eggs that were moved to the LWC Harley Street lab-
oratory after being frozen at other clinics (four in Croydon;
one at Bourn Hall; one at Kent).

For all cycles of egg thawing, three welled plates from
Cryotech were used. The wells contained warming solutions
at 37 °C, with declining concentrations of sucrose (1.0, 0.5,
and 0.0 m). The Cryotop straws containing the vitrified eggs
were removed from storage, moved to liquid nitrogen, and
then moved to 0.7 ml of pre-warmed (37 °C) 1.0 M of sucrose
solution. The eggs were then moved through the prepared
sucrose enriched solutions (50 μl each) with each step lasting
3–5 min. Eggs that showed signs of full recovery were trans-
ferred for (2–3 h) culture before commencing ICSI.

Ethical approval

This retrospective analysis did not require ethical or institu-
tional review board approval, as it assessed laboratory and
clinical records from previously validated and approved pro-
cedures, practised under licence from the HFEA.

Results

As can be seen in Table 1, our dataset included 151 thaw
cycles undertaken by 129 patients across the 10 years. Many
of the patients originally undertook multiple cycles of egg
freezing, and some batched eggs frozen across multiple cycles
to be thawed in one go.

In terms of categories of egg freezing, 55 of the thaw cy-
cles, undertaken by 46 patients, refer to 69 SEF cycles. The
remaining 96 thaw cycles correspond to 83 patients who had
originally frozen their eggs for Bnon-social^ reasons, includ-
ing CEF, IEF, and EEF. Brief descriptions of each of these
categories have been provided above. Although we have pro-
vided a breakdown of our data in these various categories, for
the purposes of this article, we are primarily interested to note
the differences and distinctions between patients (both at time
of freeze and at time of thaw) who originally froze their eggs
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for social reasons (SEF) versus those whose eggs were frozen
for non-social reasons (non-SEF). This is to clearly demon-
strate that egg freezing does not refer to a homogenous prac-
tice that is synonymous with Bsocial egg freezing.^ SEF ac-
counts for approximately a third of our sample, and non-SEF
makes up two thirds.

Number of treatment cycles and number of eggs
frozen

Table 2 presents details of the average number of egg freezing
cycles undertaken by patients in the different categories, the
average number of eggs frozen per cycle, and the average
number of total eggs frozen by patients. As can be seen, while
the average number of eggs frozen in one cycle (across all
patients) is 7.2, the average total number of eggs per patient
is 12.2, because many patients underwent more than one cycle
of egg freezing. Women who froze their eggs for social rea-
sons froze on average a total of 14 eggs.

Age at freeze and thaw

Looking at the average age of patients across our sample (see
Table 3), we note that while there is only a minimal difference
in age at first freeze between SEF and non-SEF (37.7 vs. 37.2,
respectively), there is a great difference between these groups
when we look at age at first thaw (42.5 vs. 37.6). This is
because while SEF patients have kept their eggs in storage
for an average of 4.8 years before thawing them to attempt
conception, across the non-SEF sample, eggs were thawed on
average 0.4 years after freezing.

Moreover, we can see the different distribution of ages for
SEF and non-SEF at both time of first freeze (Fig. 1) and at
time of first thaw (Fig. 2). Looking at Fig. 2 in particular, we
note that while 75.1% of SEF patients were aged 40 or over at
time of first thaw, this was only true for 38.6% of non-SEF
patients who tended to thaw their eggs at a younger age.

Relationship status at freeze and thaw

One of the most striking differences between SEF and non-
SEF patients related to their relationship status at both time of
freeze and time of thaw is shown in Table 4. Almost all of the
SEF in our sample (97.8%) were single at time of first freeze,
and while 52.2%were in heterosexual relationships when they
came back to thaw their eggs, a substantial 43.5% were still
single. Non-SEF on the other hand was almost all in hetero-
sexual relationships (96.4%) at both time of freeze and time of
thaw. As can be seen clearly in Fig. 3, while there is a note-
worthy difference between relationship at freeze and thaw
among SEF patients, there is no difference at all in the rela-
tionship status of patients who were non-SEF. The difference
between the relationship status of SEF and non-SEF patients
was statistically significant at both time of freeze (x2 = 112.3,
P < 0.01) and time of thaw (x2 = 32.4, P < 0.01).

Sperm source for fertilisation

Related to the question of relationship status at time of thaw,
we can see in Fig. 4 that almost half of SEF patients (47.8%)
used donor sperm to fertilise their thawed eggs, compared
with a very small minority (10.8%) of non-SEF patients,
representing a statistically significant difference between the
two groups (x2 = 20.2, P < 0.01). All but two of the SEF pa-
tients who used donor sperm were single; the other two were
in same-sex relationships. Of the nine non-SEF patients who
used donor sperm, two were single, one was in a same-sex
relationship, and six were in heterosexual relationships but
were not able to use their partner’s sperm. All of the latter
six women had originally undertaken IEF, because sperm
had not been available on the day of egg collection (Table 5).

Outcome of thaw cycles

In this paper, we have chosen to report success rate outcomes
per patient (rather than per thaw cycle or per transfer), includ-
ing the result of cumulative thaw cycles where appropriate.

Table 1 Number of thaw cycles,
patients, and corresponding freeze
cycles 2008–2017

Thaw cycles

n (%)

Patients

n (%)

Corresponding freeze cycles

n (%)

All 151 (100%) 129 (100%) 220 (100%)

Social egg freezing 55 (36.4%) 46 (35.7%) 69 (31.4%)

Non-social egg freezing 96 (63.6%) 83 (64.3%) 151 (68.6%)

Clinical 58 49 117

Incidental 33 34 33

Ethical 5 1a 1

a The one patient who froze her eggs for ethical reasons froze 12 eggs following a single egg retrieval (hence, one
cycle of egg freezing) and thawed these in five different egg thaw cycles. The second thaw cycle led to a live birth;
the remaining four were unsuccessful
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This was considered to be the most meaningful way to repre-
sent the Boutcome^ of thaw cycles, since this (i.e. the percent-
age of women who successfully become pregnant and give
birth following the thawing of their frozen eggs) is the infor-
mation our patients most often request to help them make
informed decisions about egg freezing.

In our analysis, as represented in Table 6, we designated the
egg thaw outcome for each patient as falling into one of three
categories: (1) successful, (2) unsuccessful, and (3) pending.

The first category, comprising 20.9% of patients, refers to
those women who had a successful outcome, meaning either a
live birth or a continuing pregnancy at the time of analysis.
Almost half of these women also had additional frozen eggs or
embryos still in storage (potentially giving them the option to
try for further children in the future).

The second category, comprising 58.9% of patients, refers
to those women who had been unsuccessful in having a child
from their frozen-thawed eggs, meaning that they had
exhausted all of their frozen eggs without achieving a live
birth (or a continuing pregnancy).

The third category, covering the final 20.2% of patients, we
categorised as having a Bpending^ outcome, because even
though they had thawed their eggs and had not yet been suc-
cessful, they still had eggs or embryos (created from their
thawed eggs) in storage, which could potentially lead to suc-
cessful outcomes in the future. At the time of analysis, some of
these women had thawed their eggs to create embryos but had
not yet had an embryo transfer; others had had one or more

(unsuccessful) embryo transfers already but still had the option
to try for more. We would expect to see some further successes
among this group as women use their remaining eggs, in time
increasing the overall success rates among these 129 patients.

The success rates for non-SEF (22.9%) are higher than for
SEF (17.4%), but since our numbers are small this is not a
statistically significant difference (x2 = 0.3, P = 0.61).

Figure 5 shows the relationship between age at freeze and
outcome of the thaw cycle. Although the numbers are small, it
is worth noting that this graph clearly shows the percentage of
positive outcomes declining drastically as age at first freeze
increases above 40.

Discussion

The results of our analysis provide the most detailed informa-
tion to date about the characteristics of women who return to
use their frozen eggs for conception in the UK. It is relevant to
note that while the majority of discussions around egg freez-
ing assume that eggs have been frozen for Bsocial^ reasons,
this was only true for approximately a third of our sample. The
remaining two thirds of women had originally frozen their
eggs for a variety of non-social reasons, including the catego-
ries CEF, IEF, and EEF. Building on our previous analysis of
egg freezing data [16], this shows that different categories of
egg freezing patients may make significantly different deci-
sions following the storage of their eggs and that the subset

Table 2 Number of egg freezing
treatment cycles undertaken and
number of eggs frozen

Average number of
freezing cycles
undertaken per
patient

Average number of eggs
frozen per cycle

Average number of total
eggs frozen by patient

All 1.7 (Range 1–8) 7.2 (Range 0–27) 12.2 (Range 1–55)

Social egg freezing 1.5 9.3 14.0

Non-social egg freezing 1.8 6.1 11.2

Clinical 2.4 5.3 12.7

Incidental 1 9.1 9.1

Ethical 1 12 12

Table 3 Age at freeze vs. age at
thaw (by patient) Average age at first

freeze
Average age at first
thaw

Average number of years
between first freeze and first
thaw

All 37.4 (range 25–45) 39.4 (range 25–50) 2.0 (range 0–10)

Social egg freezing 37.7 42.5 4.8

Non-social egg freezing 37.2 37.6 0.4

Clinical 38.9 39.2 0.3

Incidental 34.8 35.5 0.7

Ethical 30.0 31.0 1
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who decide to subsequently attempt conception with their
eggs may disproportionately represent some categories over
others. In fact, there is now enough evidence to suggest that
women who have thawed their eggs in the UK to date are a
very specific sub-group of the women who have frozen their
eggs, made up predominantly of those women whose eggs
were frozen as part of an IVF cycle (either because this was
a clinically indicated decision to Bbatch^ multiple cycles of
eggs, or because there was no sperm sample available on the
day of egg collection) [16]. This should make us aware of our
hitherto unexamined assumptions, namely that it is social egg
freezers who have been coming back to thaw their eggs.
Indeed, it seems that many women who froze their eggs for
social reasons still have these eggs in storage, and we should
be cautious both about predicting their Bthawing^ behaviour
in the future and about how we present thaw information,
aiming to delineate its applicability more clearly to the rele-
vant categories of egg freezing patients.

As discussed, the average age of all groups in this sample
was quite similar at time of freeze, at around 37 years old. This
mean age at the time of egg freezing has also been reported by

other studies in other geographical locations, such as Australia
[39], and was interestingly calculated, using a decision-analysis
model assessment by Mesen et al. [40] as precisely the age at
which egg freezing provides the greatest improvement in prob-
ability of live birth compared with no action and is thus most
cost-effective. Yet, it is important to note that although 37 may
be the mean age for egg freezing and the age at which these
treatments can be considered Bmost cost-effective,^ it is unde-
niable that by 37, both the quality and quantity of a woman’s
eggs have already diminished, making this—from a clinical
and biological perspective—a suboptimal age for freezing
one’s eggs. This is confirmed by our results showing success
rates diminishing with increased age at freeze. As Mertes and
Pennings [41] note, the diminished chance of potential success
when eggs are frozen at 37 and above creates not only practical
but also ethical issues for this technology. While women freez-
ing for non-social reasons may have little leeway in terms of
when they freeze their eggs (since they are already undergoing
fertility treatment), women freezing for social reasons would
benefit from better information and awareness about fertility
decline and the diminished chances of conception using eggs

Fig. 1 Age at first freeze.
Comparisons between all
patients, social egg freezers, and
non-social egg freezers

Fig. 2 Age at first thaw.
Comparisons between all
patients, social egg freezers, and
non-social egg freezers
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frozen at later ages. However, it is also important to note that
there is currently a 10-year storage limit on frozen eggs in the
UK, which may act as a disincentive for British women to
freeze their eggs when they are at their most fertile, for fear
of having to discard their eggs before they are ready to use them
[42] a tough choice that has already been faced by some of the
pioneers of this technology [43].Wewould thus also encourage
the adoption of better institutional, structural, economic, and
legal conditions that can enable women to freeze their eggs at
a more clinically optimal age than the current average of 37, if
they wish to do so.

While the average age at first freeze was similar for women
in the different categories of egg freezing across our sample, it
is striking that the average age at first thaw was very different.
This is explained by the fact that while the women in the SEF
category in our sample had stored their frozen eggs for an
average of 4.8 years, women in the non-SEF category had
used them almost immediately, after an average of 0.4 years.
These findings are not surprising given the reason for freeze.
Non-SEF (not including medical reasons in this sample) in-
cluded womenwho were trying to conceive using IVF, where-
as SEF included women who were wishing to bank their eggs

to preserve their fertility for the future. Women who freeze
their eggs for medical reasons, though not present in this
study, may also keep their eggs in storage for longer periods
because they are about to undergo a medical procedure which
may take time to recover from and which may have occurred
many years before their desired timing for conception [44].
These findings indicate that birth, pregnancy, and obstetrical
outcome measures for women using their own frozen-thawed
eggs must differentiate between women who intended to store
their eggs for conception in the future, at a time when their
fertility had declined (i.e. SEF or MEF), and women whose
eggs were frozen as part of an IVF cycle in which they were
seeking to conceive as soon as possible (e.g. CEF, IEF, and
EEF). One way for the HFEA to do this in the UKwould be to
introduce a distinction between eggs that are (a) frozen for
fertility preservation and future use and (b) cryopreserved as
part of a treatment cycle with the intention to transfer an em-
bryo within 12 months (a similar distinction between fertility
preservation and short-term freezing has been identified by
Kulak et al. (2016) to identify missing cycles from the
Society for Assisted Reproductive Technologies (SART)
database).

Table 4 Relationship status at freeze vs relationship status at thaw (by patient)

Relationship status at freeze
n (%)

Relationship status at thaw
n (%)

Heterosexual relationship Same-sex relationship Single Heterosexual relationship Same-sex relationship Single

All 80 (62.0%) 2 (1.6%) 47 (36.4%) 104 (80.6%) 3 (2.3%) 22 (17.1%)

Social egg freezing 0 1 (2.1%) 45 (97.8%) 24 (52.2%) 2 (4.3%) 20 (43.5%)

Non-social egg
freezing

80 (96.4%) 1 (1.2%) 2 (2.4%) 80 (96.4%) 1 (1.2%) 2 (2.4%)

Clinical 46 1 2 46 1 2

Incidental 33 0 0 33 0 0

Ethical 1 0 0 1 0 0

Fig. 3 Relationship status at a
time of freeze and thaw

1076 J Assist Reprod Genet (2019) 36:1069–1080



Since the age at thaw is different between different egg
freezing groups, with women in the SEF category being on
average 5 years older at time of thaw, we could reasonably
hypothesise that, as well as any differences in IVF treatment
results, there may be some increase in adverse outcomes for
women seeking conception with frozen eggs after SEF (and
longer-term storage), who are more likely to thaw their eggs
when they are over the age of 40, compared with women in
the non-SEF category. Unfortunately, we did not have data on
the pregnancy or birth experiences of women from this
dataset; however, it would be extremely informative to include
this type of data in future research. Especially as older moth-
erhood becomes more common [2], we would recommend for
obstetricians and gynaecologists to systematically study and
report the pregnancy and birth experiences and outcomes for
older women and particularly for women using their own
frozen-thawed eggs and for their findings to inform future
practice in fertility clinics as well as the decision-making pro-
cesses of women considering egg freezing or fertility options
more broadly.

It is also important to note that our data indicated significant
differences between women in the SEF and non-SEF categories
with regard to their relationship status. While the latter show no
difference between their relationship status at time of freeze and
time of thaw, with the great majority of those in the non-SEF
category being in heterosexual relationships, the relationship sta-
tus of women who froze their eggs for social reasons tells a
completely different story. These women, as expected, are almost
all single at the time of egg freezing, in line with findings from
qualitative studies which report their main reasons for freezing as
not being in a relationship, or not being in the right relationship
and their motivations as a desire to Bbuy time^ and to avoid
Bpanic partnering^ [15, 18–22]. These women hope to meet part-
ners before starting their families and are Banticipating
coupledom^ in the future [17]. Meeting such expectations,
52.2% of the women undergoing a thaw cycle who had originally
frozen their eggs for social reasons were indeed in a heterosexual
relationship when they came back to use their eggs, fertilising
them with their partner’s sperm to start their much-anticipated
families. However, at this stage, 43.5% were still single and had
returned to the clinic to fertilise their eggs using donor sperm. This
subsequent foray into solo motherhood—for almost half of the
women in this category—is an important social reality, but one

Fig. 4 Sperm source for
fertilising thawed eggs

Table 5 Sperm source for fertilisation (by patient)

Partner sperm
n (%)

Donor sperm
n (%)

All 98 (76.1%) 31 (24.0%)

Social egg freezing 24 (52.2%) 22 (47.8%)

Non-social egg freezing 74 (89.2%) 9 (10.8%)a

Clinical 46 3

Incidental 27 6

Ethical 1 0

a Of the nine women who were in the non-social egg freezing category
and used donor sperm, two were single, one was in a same-sex relation-
ship, and six were in heterosexual relationships but partner sperm was not
available

Table 6 Outcome of egg thaw (by patient)

Successful
n (%)

Unsuccessful
n (%)

Pending
n (%)

All 27 (20.9%) 76 (58.9%) 26 (20.2%)

Social egg freezing 8 (17.4%) 26 (56.5%) 12 (26.1%)

Non-social egg freezing 19 (22.9%) 50 (60.2%) 14 (17.0%)

Clinical 10 27 12

Incidental 8 23 2

Ethical 1 0 0
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that remains currently invisible inmedia discourses or imaginaries
surrounding social egg freezing. Lacking qualitative data on the
experiences and views of these women, it is not possible for us to
know exactly why they returned to pursue solo motherhood; in
some cases this may represent the disappointment of partnering
hopes, while othersmay simply have decided that the time is right
to become amother. It is important that the voices of thesewomen
be heard and that attention is paid to their experiences in future
qualitative research.

The outcomes reported for this population of women who
have thawed their frozen eggs at the LWC and the Bridge
Centre, with a total success rate of 20.9%, are encouraging,
particularly because our dataset includes all thaw cycles over
the past 10 years. This figure is higher than the latest national
data provided by the HFEA, which notes a birth rate of 18% for
women using their own eggs in thaw cycles in 2016 [35] and
suggests to us that specialist laboratories and clinics may, espe-
cially in recent years, be able to provide patients with success
rates above the national average. However, despite this, wemust
note that, as others have argued, our figures also confirm that
egg freezing must never be considered a Bguarantee^ of future
conception. It is crucial that this message is clearly and repeat-
edly delivered to women considering freezing their eggs, so that
they can make fully informed decisions about their future.

Since women interviewed in qualitative research report a
desire for more detailed information about egg freezing and
complain of a lack of sustained discussion regarding post
freezing processes and outcomes [21], it is very important
for data, such as reported in this paper, to be made more
readily available to patients, both within clinics and by the
HFEA. Moreover, since women report receiving most of their

information about egg freezing frommedia sources [21, 45], it
is also crucial for press and television reports to supplement
opinion and human interest pieces on these issues with reliable
empirical data whenever possible.

Strengths and limitations of the study

It is a central strength of the current study that all thaw cycles
performed in two large clinics, the LWC and the Bridge
Centre from the first case in 2008 to the end of 2017 (when
data were gathered), were included in the analysis. This study
is also the first instance, as far as we are aware, of detailed
demographics being provided for patients who have thawed
their eggs, incorporating a comparison between those that
froze their eggs for social and non-social reasons.

The limitations of the study concern our relatively small
sample (129 patients and 151 thaw cycles). Since the technol-
ogy is still growing and since the numbers of women freezing
their eggs in these clinics have multiplied threefold in the last
3 years [16], we would expect significantly higher numbers of
women to thaw their eggs in the upcoming decade. It is im-
portant to note that as the UK has a 10-year storage limit for
frozen eggs, we will be able to have final outcomes for all
patients by the end of this period and will be able to note what
percentage of women who freeze their eggs ever come back to
use them. As of yet, since egg freezing is still a relatively new
practice with small numbers of women thus far having thawed
their eggs, we are unable to have conclusive and comprehen-
sive data about the practice of egg freezing and thawing. It is
also a limitation that our data cover only two UK clinics, albeit
two clinics that are particularly active in egg freezing; we
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would not only urge other clinics to perform similar analyses
on their data, but better still we hope to persuade the HFEA of
the necessity and merits of analysing national data in this
detailed manner.

It is notable that in this study, 20.2% of women who had
not yet had successful outcomes still had eggs or embryos
from thawed eggs in storage. We anticipate that some of these
women will have successful outcomes, but in the meantime,
they have been listed as pending. Such pending outcomes are
a necessary component of research into fertility treatments, as
it may take years for women to complete their fertility jour-
neys and to use all of their frozen material; yet, it is important
in the meantime to have data on successful outcomes, so that
other women can make informed decisions about whether or
not they want to freeze their eggs.

Future research

The details provided in this paper about women who are using
their frozen-thawed eggs to attempt conception provides a brief
snapshot of their characteristics, circumstances, and outcomes
and has enabled us to arrive at the conclusions noted above.
However, we feel that our data also give rise to myriad further
questions, which could not be answered by the current research
and analysis—for example, what have been the life trajectories
of women who decide to freeze their eggs for social reasons
and what are their experiences of relationships? What are their
views about later motherhood or solo motherhood using donor
sperm to conceive? How are their lives impacted when their
thaw cycles result in successful pregnancies, or perhaps even
more crucially, when they do not? These are questions that can
only be answered with detailed qualitative research that seeks
to elicit the thoughts, feelings, and opinions of women who
have frozen and thawed their eggs and provides their narratives
in their own words. It is the intention of the first author to work
towards answering some of these questions in future research,
aiming to flesh out the stories of these Bsocial pioneers^ of egg
freezing beyond these figures.
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