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Oocyte Cryopreservation in Emergency Situations: 
Perspectives and Reality

Abstract
Increased incidence of global recorded cancer, unforeseen circumstances in assisted reproductive 
technology, a pandemic situation, and surgical interventions which can cause impairment of the 
reproductive system all necessitate urgent fertility preservation. Unfortunately, the application of 
successfully developed methods for oocyte and embryo cryopreservation is not possible in some 
situations because of contraindications for inducing superovulation, inability to delay other treatments, 
or in the case of prepubertal patients; in these cases, cryopreservation of ovarian tissue may be an 
alternative method. Despite current achievements in ovarian tissue low-temperature preservation, 
only 130 children have been born using this method. Further development of this technique and 
methods for in vitro maturation of immature oocytes, following their cryopreservation and use in 
assisted reproductive technology, as well as a differentiated approach for the selection of mature 
oocytes obtained without preliminary superovulation are needed. This review outlines the modern 
achievements and future prospects of female fertility preservation in emergency situations by 
cryopreservation of oocytes with different quality and maturity states.

INTRODUCTION

The need to preserve women’s fertility urgently 
arises when unforeseen circumstances occur in 
assisted reproductive technology (ART), such as 
when there is no possibility to fertilise aspirated 

oocytes, in a pandemic situation, when there are 
high risks of complications during pregnancy 
for patients undergoing infertility treatment,  
following surgical interventions that can 
cause impairment of the reproductive system, 
and in cancer patients requiring immediate 
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chemotherapy with gonadotoxic effects.1,2 
Annually, there is a global increased incidence 
of cancer so development of methods for 
preservation of fertility in patients after  
successful cancer treatment is both relevant and 
important.3 There are currently several fertility 
conservation strategies.4 The first strategy 
is the ‘gold standard’ of emergency ovarian 
stimulation followed by embryo or oocyte 
cryopreservation. However, this method can be 
inappropriate for single women refusing sperm 
donation and for prepubertal girls.5 Mature 
oocyte retrieval is associated with hormonal 
stimulation of superovulation, contraindicated in 
hormone-dependent tumours.6 Moreover, ovarian 
stimulation protocol delays the initiation of 
cancer therapy which may increase the likelihood 
of relapse.7 The second strategy is ovarian tissue 
extraction followed by ovarian tissue freezing 
and autotransplantation or in vitro maturation 
(IVM), and is currently considered experimental. 
The third strategy includes ovarian protection 
techniques such as oophoropexy but their  
efficacy is debatable. Further study and 
development of the experimental strategies is 
relevant, because they are an alternative for those 
strategies that cannot be applied for female 
fertility preservation.

To date, cryopreservation of ovarian tissue is 
under development and a little more than 130 
children have been born following its use.8 In 
addition, the use of autotransplantation in patients 
who have recovered after cancer may cause 
metastasis unless cases are carefully selected. 
Cryopreservation of individual follicles could 
solve this problem; however, after thawing it is 
necessary to carry out in vitro growth which has 
not yet led to the production of mature oocytes.9

The absence of preliminary ovarian stimulation 
means that retrieval of immature oocytes will 
require further IVM. There is no difference in the 
number of oocytes or their IVM rates relating 
to the phase of the menstrual cycle at which 
oocyte retrieval is performed, and IVM can be a 
promising tool for patients with breast cancer 
seeking urgent oocyte cryopreservation.10 Вut, 
even in cases where retrieved oocytes are mature, 
they may have morphological abnormalities, 
resulting from intrinsic or extrinsic factors, that 
can impact on the cryopreservation efficacy and 
further fertilisation outcomes.11 In this regard, 
the oocytes’ maturity and their morphology can  

affect the efficacy of fertility preservation and 
ongoing fertilisation outcomes. The aim of 
this study was to evaluate the current options 
for female fertility preservation in emergency 
situations by cryopreservation of oocytes with 
different quality and maturity states.

METHODS

Literature searches were conducted in PubMed 
using the keywords “emergency fertility 
preservation”, “fertility preservation for cancer 
patient”, “oocyte vitrification”, “oocyte in vitro 
maturation”, and other words related to the 
current review. The studies were selected based 
on their relevance to the material presented in 
the review, the availability of the full text of the 
papers, as well as those that published the most 
recent data on the issue.

Oocyte Cryopreservation

In 2013, the American Society for Reproductive 
Medicine (ASRM) and the Society for Assisted 
Reproductive Technology (SART) published a 
joint document, ‘Mature Oocyte Cryopreservation: 
A Guideline’, which addressed advances in 
techniques to freeze human eggs that have 
resulted in significant recent improvements in 
pregnancy success. Based on the current state 
of evidence, modern procedures to cryopreserve 
oocytes should no longer be considered 
experimental.12 Since then, many more ART clinics 
around the world have actively started to offer 
oocyte cryopreservation as an effective method 
of preserving fertility.13-16

The fundamental science underpinning 
cryopreservation of female reproductive cells, 
including the basis for the two most frequently 
used techniques (controlled-rate slow-cooling  
or vitrification), is beyond the scope of this 
review and has been recently discussed.17,18 The 
first pregnancy was achieved following oocyte 
cryopreservation using the controlled-rate slow 
freezing method in 1986.19 After this, slow freezing 
has been considered the standard method for 
oocyte cryopreservation, and oocyte recovery 
of morphologically intact oocytes ranges from 
50–60%. The decrease in oocyte survival was 
associated with the formation of ice crystals during 
freezing and thawing. Currently, avoiding the 
formation of ice crystals around or inside oocytes 
has led to improved oocyte cryopreservation by 
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the vitrification technique. The first pregnancy 
after oocyte vitrification was in 1999.20 However, 
there are still a large number of scientific studies 
comparing the effectiveness of the slow-cooling 
method and vitrification.21-23 Technological 
features of cryopreservation techniques do not 
determine the optimal method, since each has 
advantages and disadvantages (Box 1). However, 
different research findings and meta-analyses 
of oocyte survival rates, fertilisation outcomes, 
embryo development, and pregnancy rates have 
indicated that vitrification is a preferable method 
to slow freezing for mature oocytes (Table 1). 
These vitrification advantages can probably be 
explained by the enhanced preservation of the 
ultrastructural characteristics of oocytes. The 
data from transmission electron microscopy 
studies suggest that recovery of perivitelline 
spaces and mitochondria was more complete 
after vitrification than after slow freezing.27 The 
presence of normal oocyte meiotic spindle was 
greater after vitrification than after slow freezing 
(93.5% versus 72.0%; p=0.0128).28 Moreover, 
the gene expression profile of metaphase II 
(MII) oocytes is differentially affected by slow 
freezing and vitrification compared with non-
cryopreserved MII oocytes.29 Slow freezing 
was associated with downregulation of genes  
involved in chromosomal structure maintenance 
(KIF2C and KIF3A) and cell cycle regulation 
(CHEK2 and CDKN1B) that may lead to  
a reduction in the oocyte developmental  
competence after thawing compared with the 
vitrification procedure. This is confirmed by 

other data claiming that oocytes’ potential to 
be fertilised and to develop into high-quality 
blastocysts was similar to embryos from fresh 
oocytes in oocyte donation programmes.30

Another challenge in mature oocyte 
cryopreservation is the presence of the meiotic 
spindle which consists of tubulin polymers 
sensitive to temperature fluctuation, along 
which the chromosomes are arranged ready 
for fertilisation. During cryopreservation, 
these microtubules can be depolymerised 
and cause impairment of proper chromosome 
segregation after thawing and fertilisation, 
such as nondisjunction, premature separation 
of sister chromatids, or the recently discussed 
reverse segregation which increases incidence 
of aneuploidies and possibly decreases 
mitochondrial activity.31 After thawing of vitrified 
oocytes, the meiotic spindle microtubules are 
able to repolymerise.32  The optimal time for 
this recovery depends on the cryopreservation 
method, the initial morphological and functional 
state of the oocytes, and the patient’s age.33 It  
was shown that the meiotic spindle was visualised 
in only 35.7% of oocytes immediately after 
thawing. However, after 3 hours of incubation at 
37 °C in a culture medium, the meiotic spindle 
was visualised in 57.4% of female gametes.34 It  
has been shown that meiotic spindle morphology 
and embryo ploidy are normally retained after 
oocyte vitrification and do not suffer negative 
impacts from the cryogenic cooling.35,36 

Box 1: A comparison of oocyte cryopreservation methods.

Cryopreservation method

Slow-cooling Vitrification

Advantages - Low cryoprotectant 
concentration

- Controlled temperature steps

- Not a time-consuming method;

- Cost-effective

Disadvantages - Expensive specialised 
equipment

- Time-consuming method

- Cytotoxicity due to the high cryoprotectant 
concentration

- Risk of cross-contamination between the samples 
in liquid nitrogen in an open system

- Requires highly qualified specialists
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Another point to consider is oocyte morphological 
deviations, which exist among oocytes and may 
result from intrinsic factors such as maternal age 
and genetic defects or extrinsic factors such as 
stimulation protocols, culture conditions, and 
nutrition. These oocyte morphological features 
may affect the developmental competence and 
implantation potential of the derived embryo.11 
They can also impact oocyte cryopreservation 
outcomes for individual cancer patients who 
wish to preserve their fertility. As with infertility 
services in general, counselling services for 
cancer patients who wish to engage with oocyte 

cryopreservation must be robust and informative, 
especially because decision making may need  
to progress quickly.

Should All Aspirated Mature  
Oocytes Be Cryopreserved?

According to the Istanbul consensus on the 
quality assessment of gametes and embryos, 
there are optimal morphological characteristics 
of oocytes: spherical structure; homogeneous 
zona pellucida (ZP); translucent, inclusions-free 
cytoplasm; and an adequate first polar body (PB) 
with no fragmentation sign.37

Table 1: A comparison of study outcomes for oocyte cryopreservation methods.

Cryopreservation method

Slow-cooling Vitrification

Survival rate 66.1% (298/451) (RR = 1.23; 95% CI: 1.02-1.49; 
p<0.05); 

and three cohort studies (RR = 1.23; 95% CI: 
1.11–1.36; p<0.0001)

(Rienzi L et al.,24 2017)

82.3% (602/731) (RR: 1.23; 95% CI: 1.02–1.49; 
p<0.05); 

and three cohort studies (RR: 1.23; 95% CI: 
1.11–1.36; p<0.0001)

(Rienzi L et al.,24 2017)

Fertilisation rate 64.6% (Fadini R et al.,25 2009) 72.8% (Fadini R et al.,25 2009)

Blastocyst-
formation rate

12.0% (Cao YX et al.,26 2009) 33.1% (Cao YX et al.,26 2009)

Clinical pregnancy 
rate

7.6% (Fadini R et al.,25 2009) 18.2% (Fadini R et al.,25 2009)

Increased

(RR: 3.86; 95% CI: 1.63–9.11; p=0.002); 

two RCT, 106 women, I2 = 8%, moderate-
quality evidence

(Glujovsky D et al.,23 2014)

Increased per cycle (RR: 2.81; 95% CI: 1.05–7.51; 
p=0.039);

Increased per transfer (RR: 1.81; 95% CI: 
0.71–4.67; p=0.214);

Increased per cryopreserved oocyte (RR: 1.14; 
95% CI: 1.02–1.28; p=0.018)

(Rienzi L et al.,24 2017)

Implantation rate 4.3% (Fadini R et al.,25 2009) 9.3% (Fadini R et al.,25 2009)

CI: confidence interval; RCT: randomised, controlled trials; RR: relative risk.
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Oocyte structural abnormalities are divided 
into intra and extracytoplasmic. The first 
category includes different types and degrees of  
cytoplasmic granulations, variations in colour 
(dark-coloured cytoplasm, slightly diffused or 
excessive whole/centrally located granulation, 
lipofuscin bodies), the appearance of refractile 
bodies and smooth endoplasmic reticulum 
clusters, vacuolisation in the body of the oocyte, 
the maturity of the nucleus, and the presence of 
a normal meiotic spindle. The second category 
includes the presentation of the first PB (size, 
fragmentation) shape abnormalities (irregular 
shape of the MII oocyte), ZP abnormalities (dark 
or thick ZP), and perivitelline space abnormalities 
(large size, granularity). These morphological 
characteristics can be used as criteria for 
determining the quality of oocytes, and some 
may be predictors of their successful recovery 
after cryopreservation.38 ZP anomalies can 
arise from impaired secretion and glycoprotein 
matrix formation.39 Oocyte survival after  
cryopreservation depends on the morphological 
characteristics of ZP. The thickness can 
influence the cryoprotectant penetration; before 
cryopreservation, it is necessary to evaluate the 
morphological structure of the ZP and individually 
select the suitable time for cryoprotectant 
exposure, depending on the ZP thickness and 
oocyte osmotic reaction.40

The morphological structure of the first PB 
can be regarded as a reflection of the oocyte’s 
post-vascular age. Oocytes with an oval PB and 
a smooth surface and without fragmentation 
develop into morphologically normal embryos 
with high implantation potential. The first-PB 
morphological abnormalities were associated 
with a decreased fertilisation rate, but did not 
show any correlation with embryo quality.41,42 
The presence of an enlarged first PB is related to 
worse rates of fertilisation, cleavage, and high-
quality embryos. However, the identification 
of the first-PB fragmentation does not seem to 
interfere with the results of intracytoplasmic 
sperm injection, suggesting that oocyte selection 
based on PB fragmentation may not contribute 
to the identification of embryos with high 
developmental ability. It has been shown that not 
only the morphological characteristics of the first 
PB, but also the angle of its location with respect 
to the pronuclei that appear after fertilisation, are 
important in predicting the quality of embryos.43 

Oocyte first-PB morphology observed prior to 
vitrification can predict post-warming survival, 
and developing non-invasive identification of 
predictive markers for oocyte survival potential 
remains relevant.

Vacuoles are cytoplasmic inclusions filled with 
a fluid identical to the fluid of the perivitelline  
space. They are considered a morphological 
feature of the degenerative process in the 
oocyte because they can interfere with further 
fragmentation or division of the embryo in vitro, 
which in turn inhibits the rate of successful 
blastulation.44 The presence of endoplasmic 
reticulum aggregation is associated with a lower 
chance of successful pregnancy and, even if 
normal oocytes are transferred from one pool, 
the pregnancy rate decreases.45 Despite the 
normal pregnancy rates obtained with oocytes 
with granular cytoplasm, >50% of pregnancies 
resulted in miscarriages and the implantation 
rate was only  5%.46 Variation in clustering 
and distribution of mitochondria can reflect 
developmental competence, and mitochondrial 
assessment can be used for analysis in vitrified or 
warmed oocytes.47 

In addition to morphological features, oocytes 
can differ in their physical and chemical 
properties which can be observed when the 
suspending-medium osmolarity changes during 
cryopreservation processes. An individual 
osmotic response of oocytes may be considered 
flexible within the established range during the 
oocytes’ exposure to low concentrations of 
cryoprotectants and to vitrification solutions. 
This approach does not contradict the 
recommendations of other investigations. The 
‘weaker’ oocytes require a shorter equilibration 
time in cryoprotectant solution, whereas 
‘stronger’ oocytes require prolonged exposure 
to the same solution for effective loading.48 
Application of a flexible strategy helps to eliminate 
the risk of detrimental expansion or prolonged 
dehydration of cells, and the toxicological 
effects of cryopreservation media. This osmotic 
response during the equilibration procedure 
can be taken as an indicator of the oocyte’s 
viability and may improve prediction of the 
cryopreservation outcomes; using a flexible time 
of exposure to cryoprotectant could increase the  
oocytes’ survival. 
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Development of criteria for assessment of 
mature oocytes is very important for predicting 
the outcomes of cryopreservation and possible 
individualisation of cryopreservation protocols, 
which are important when performing oocyte 
cryopreservation in emergency situations.

‘State of the Art’ for Immature Oocyte 
Cryopreservation

Obtaining immature oocytes in emergencies can 
be possible, even in situations where it may be 
necessary to eliminate costly drugs and frequent 
monitoring as used in routine ovarian stimulation; 
to complete treatment within 2–10 days, while 
avoiding the use of hormones in patients with 
hormone-sensitive tumours; and to retrieve 
oocytes at any point in the menstrual cycle, even 
in the luteal phase. In addition, immature oocytes 
can also be collected from extracorporeal ovarian 
biopsy specimens or ovaries during caesarean 
section.49 Emergency fertility preservation 
increases the number of cases of immature 
oocyte collection needing IVM. IVM programmes 
are already offered to poor responders or 
patients with polycystic ovary syndrome to avoid 
the risk of developing ovarian hyperstimulation 
syndrome caused by exogenous gonadotrophin 
stimulation.50 IVM protocols involve the addition 
of specific molecules to the in vitro oocyte culture 
media which have been implicated in reversing 
this meiosis-arresting action including cyclic 
adenosine monophosphate and purines.51,52 More 
than 5,000 babies have been born using IVM 
worldwide.53 The first baby from a vitrified IVM 
oocyte was reported in 2009.54 It is important not 
only that nuclear maturation progresses normally 
(reaching Stage MII), but that cytoplasmic 
(metabolic and structural changes in ooplasm) 
maturation also proceeds in step during IVM. 
Mammalian germinal vesicle (GV) stage immature 
oocytes can be divided into several types: 
nonsurrounded nucleolus (NSN); surrounded 
nucleolus (SN); partly NSN (pNSN) and SN (pSN); 
prematurely condensed NSN, pNSN, and pSN; 
and early diakinesis patterns. Maturation and 
embryo culture suggest that SN and pSN oocytes 
were more competent after fertilisation than  
NSN and pNSN oocytes; prematurely condensed 
pSN oocytes were more competent than 
prematurely condensed NSN/pNSN oocytes.55

One of the problems for the cryopreservation of 
immature oocytes is that oocytes are surrounded 

by a layer of cumulus cells which are essential 
participants in providing oocyte maturation and 
are sensitive to cryopreservation.56 Currently, the 
cryopreservation protocols for the oocyte–crown–
cumulus complex have not been successfully 
developed, meaning that oocytes must be 
released from these surrounding cells before 
cryopreservation. In this case, the connection 
between the oocyte and granulosa cells is 
disrupted which makes subsequent IVM more 
difficult. The outcomes of oocyte maturation 
and their subsequent fertilisation are dependent 
on the method of maturation. It was shown 
that supplementing growth hormone to the GV  
oocyte can lead, during in vitro culture, to 
an approximate 70.0% maturation rate. The 
fertilisation rate and rate of development to 
blastocyst were 73.1% and 25.0%, respectively.57 
These data confirm the promising use of GV 
oocytes for patient fertility preservation, which 
will be helpful in any requirement for emergency 
fertility preservation.

The problem of cryopreservation of immature 
oocytes raises the reasonable question of the 
best time to carry out cryopreservation: prior 
to or after in vitro maturation. However, several 
studies argue that the maturation rate was higher 
after vitrification at the GV stage.58 In contrast, 
other studies have shown that the maturation 
and fertilisation rates are significantly higher in 
the group of oocytes that were matured before 
cryopreservation.59-62 These results may be 
seen as paradoxical because mature oocytes at 
the MII stage have a meiotic spindle, which is 
extremely sensitive to temperature fluctuations 
and even insignificant fluctuations may cause 
depolymerisation of spindle microtubules, 
leading to chromosome segregation impairment, 
embryo aneuploidy, and developmental 
abnormalities. Moreover, vitrification can affect 
the GV oocyte ultrastructure; it was noted that 
there were significant changes in the structure of 
meiotic spindle of oocytes matured in vitro after 
vitrification.62,63 The current leading strategy for 
fertility preservation using the cryopreservation 
of immature oocytes should be development of 
gamete-maturation conditions that first allow 
for  the obtainment of good-quality MII oocytes, 
followed by subsequent cryopreservation, 
with vitrification currently seen to be the most 
promising protocol.
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FUTURE RESEARCH

Large, randomised, controlled trials are required 
to compare the various approaches for female 
fertility preservation to ensure the selection 
of an effective protocol. Currently, clinical 
trials databases have registered and tested 
trials comparing types of vitrification systems 
(open and closed) for oocytes and therapeutic 
intervention outcomes (primed either with 
recombinant human chorionic gonadotropin 
or a gonadotropin-releasing hormone agonist) 
prior to oocyte retrieval for IVM in patients with  
breast cancer. There have also been studies of 
outcomes for ovarian tissue cryopreservation 
following IVM or autologous transplantation 
of a retrieved oocyte. Further studies for IVM 
administration and the development of effective 
methods for ovarian tissue cryopreservation are 
still required.

CONCLUSIONS

Although oocyte cryopreservation provides 
many benefits for fertility preservation in 
general, its importance for emergency fertility 
preservation has not been widely discussed. 

Experience in the cryopreservation of mature 
oocytes has been gained in elective practices 
such as IVF; however, it is necessary to develop 
evaluation criteria to predict the effectiveness 
of oocyte cryopreservation and application of 
individualised oocyte cryopreservation protocols. 
Using immature oocytes for in vitro maturation 
and cryopreservation is promising for patients 
requiring emergency fertility preservation; 
however, further studies of this process, and 
development of enhanced maturation and 
vitrification techniques, are necessary. In 
addition, the results at one clinic of the 15th 
year cryopreservation of oocytes for patients 
with cancer showed that only 4.5% patients 
returned to use their gametes.64 In the future, 
cryopreservation of ovarian tissues or isolated 
ovarian follicles may also contribute significantly 
to fertility preservation in emergency situations. 
Nevertheless, offering fertility preservation is 
no longer considered optional and must be 
included in every therapeutic programme for 
women who receive an oncological diagnosis in 
their reproductive age. This in turn will require 
development of close collaborations between 
cancer and fertility centres to provide a holistic, 
patient-centered fertility preservation strategy 
for female oncological patients.
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