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Egg freezing is no longer deemed “experimental.” Here
are current protocols, fertility expectations, and safety
outcomes as well as ethical considerations for oocyte

cryopreservation.
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he first human birth from a frozen oocyte

was reported in 1986." Nearly 3 decades
later, mature oocyte cryopreservation has
emerged as a meaningful technology to
preserve reproductive potential in women
of reproductive age. In 2013, the American
Society for Reproductive Medicine (ASRM)
removed the “experimental” label from egg
freezing but cautioned that more data on
safety and efficacy were needed prior to
widespread adoption of the technique.?

In this Update, we present the current

protocols for oocyte cryopreservation, how
we arrived at them, and the questions regard-
ing outcomes that still remain. In addition,
we discuss the ethical dilemmas egg freezing
presents, according to the varying rhetoric
within the media and our own profession.
Finally, we consider what preliminary data
suggest as to the live-birth rate using frozen
eggs from women of varying ages and what
the costs are associated with using oocyte
cryopreservation as the approach to fertility
treatment.

Vitrification and slow freezing: How did
we get here and how effective are they?

Fertility preservation is a rapidly advanc-
ing area of reproductive medicine. Cryo-
preservation is the cooling of cells to subzero
temperatures to halt biologic activity and
preserve the cells for future use. Clinically,
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oocyte cryopreservation requires a patient to
undergo in vitro fertilization (IVF). After egg
retrieval, the oocytes are cryopreserved for
use at a later time.

The prefix “cryo” originated from the
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Greek word “kryos,” meaning icy cold or
frost. Cryopreservation is not a new sci-
ence. In 1776, the Italian priest and scientist
Lazzaro Spallanzani reported that sperm
became motionless when cooled by snow.
A pivotal discovery in the field came in 1949,
when Christopher Polge, an English scientist,
showed that glycerol, a permeating solute,
could provide protection to cells at low tem-
peratures.® Progress in sperm cryopreserva-
tion advanced quickly, partly due to the ease
of observing sperm motility as a marker of
postthaw function.*

The ongoing evolution of cryopreserva-
tion science led to landmark achievements,
including the first birth using human cryo-
preserved sperm in the 1950s, and the first
human birth after embryo thaw in 1983.
Since that time cryopreservation has become
a cornerstone in the field of reproductive
medicine.

Initial problems encountered

with egg freezing

Although the first birth after thaw of a human
oocyte occurred in 1986, oocyte cryopreser-
vation was fraught with technical difficulties.
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Oocytes (vs sperm and embryos) proved
challenging to successfully cryopreserve.
The problem lay in the damage caused by
water crystals forming ice and rising con-
centrations of intracellular solutes as cells
were cooled to freezing temperatures.®
The large size and high water content
of the human oocyte made it particu-
larly vulnerable to the detrimental
effects of freezing. In addition, freeze—
thaw hardening of the zone pellucida
led to decreased postthaw fertilization.

The delicate meiotic spindle within

the oocyte was prone to injury from ice

crystals.®

Use of cryoprotectants, such as ethyl-
ene glycol, glycerol, and dimethylsulfoxide
(DMSO), can prevent ice crystal formation,
but high concentrations are theoretically
toxic. The fine balance between protec-
tion and toxicity led to the development of
diverse egg freezing protocols using various
types and concentrations of cryoprotectants.
Inconsistent results and lack of reproducibil -
ity among labs, together with concerns about
postthaw oocyte function and safety, slowed
the progression of oocyte freezing. By the end
of the 1980s, clinical oocyte cryopreservation
had been effectively halted and the field was
confined to small groups of researchers who
continued laboratory experiments with lim-
ited success.’

In 1997, clinical work with frozen oocytes
resumed with a Bologna team reporting post-
thawing oocyte survival rates of up to 80%
using propanediol as the primary cryopro-
tectant, and viable pregnancies with the use
of intracytoplasmic sperm injection (ICSI)
for fertilization.”® Since the late 1990s, further
modifications in freezing technologies have
resulted in greater success. And currently,
both slow freezing and vitrification methods
are used to preserve oocytes.

Slow freezing

Slow freezing involves a low rate of oocyte
temperature decline with a simultaneous
gradual increase in the concentration of
cryoprotectants. As the metabolic activity of
the oocyte decreases, the concentration of
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cryoprotectant can be increased to preventice
crystal formation. Once solidification of the
oocyte is achieved, the oocyte can be exposed
to freezing at colder temperatures. Results
of a meta-analysis of 26 studies revealed
that, compared with using fresh oocytes,
eggs thawed after slow-freezing yielded sig-
nificantly lower rates of fertilization (61.0%
[1,346/2,217] vs 76.7% [2,788/3,637]), clinical
pregnancy rate per transfer (27.1% [95/351]
vs 68.5% [272/397]), and live birth per trans-
fer (21.6% [76/351] vs 32.4% [24/72]).°

Vitrification

Vitrification involves the rapid cooling of cells
to extremely low temperatures. During vitrifi-
cation, oocytes are exposed to high concen-
trations of cryoprotectants and, after a short
equilibration time, rapidly cooled. The rate of
cooling is dramatic, up to 20,000°C per min-
ute—so fast thatice does nothave time to form
and a glass-like state is achieved within the
oocyte. Studies suggest that the use of vitrifi-
cation improves oocyte survival and function
compared with slow freezing.!' A prospec-
tive randomized controlled trial comparing

frozen/thawed with vitrified/warmed oocytes
demonstrated superior oocyte function in the
vitrification group, with higher oocyte sur-
vival (81% for vitrification/warming vs 67%
for slow freezing/thawing); higher rates of
fertilization, cleavage, and embryo morphol-
ogy; as well as higher clinical pregnancy rates
(38% for vitrified/warmed vs 13% for frozen/
thawed).!?

The Practice Committee of ASRM pub-
lished a guideline for mature cryopreserva-
tion in 2013.? The committee reviewed the
literature on efficacy and safety of mature
oocyte cryopreservation. Although data are
limited, studies comparing outcomes of IVF
using cryopreserved versus fresh oocytes,
including four randomized controlled trials
and a meta-analysis, provide evidence that
previously vitrified/thawed eggs result in
similar fertilization and pregnancy rates as
IVF/ICSI with fresh oocytes. Similar to data
from fresh IVF cycles, decreased success
with oocyte vitrification is seen in women
with advanced age, and delivery rates, not
unexpectedly, are inversely correlated with
maternal age."

Safety outcomes data are limited

but reassuring

wo major factors limit our current

understanding of egg cryopreservation
outcomes. First, many women who have
cryopreserved their eggs have not yet used
them and, second, babies born after use of
cryopreserved oocytes have not reached ages
in which safety of the technique can be fully
evaluated. Despite this important gap in our
knowledge, to date, results of studies exam-
ining safety outcomes of the procedure have
been reassuring.

For instance, chromosomal analysis
via fluorescence in-situ hybridization of
embryos created with thawed oocytes ver-
sus controls revealed no difference in the
incidence of chromosomal abnormalities,
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decreasing concerns about damage to the
oocyte spindle secondary to freezing."

Data from a review of 900 live births
resulting from embryos created from thawed
oocytes frozen via the slow freeze technique
revealed no increase in the risk of congeni-
tal anomalies." Similarly, no increased risk
of congenital anomalies or difference in
birth weights was noted in a study of 200 live
births after transfers with embryos derived
from vitrified oocytes compared with fresh
oocytes.'

In a study of 954 clinical pregnancies
occurring in 855 couples with cryopreserved
oocytes after assisted reproductive technol-
ogy, the outcomes of 197 pregnancies from

CONTINUED ON PAGE 36
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frozen/thawed oocytes were compared with
757 obtained from fresh sibling oocyte cycles.
A significantly higher rate of spontaneous
abortions at 12 weeks or less was observed in
the frozen/thawed oocyte group. No statis-
tically significant differences were noted in
gestational age at delivery or in the incidence

of major congenital anomalies at birth, but
mean birth weights were significantly lower
in fresh oocyte pregnancies. Interestingly, in
the group of 63 women who had pregnancies
derived from both fresh and thawed oocytes,
no differences were noted in the abortion
rate or mean birth weight.'®

We can freeze eggs, but when

should we?

B ased on media presentations and profes-
sional perspectives, it appears that many
people differentiate between “medical” and
“social” egg freezing.

Medical versus social freezing

Medical egg freezing is done when there is
an immediate medical need to preserve fer-
tility, such as before cancer treatment when
the woman can’t reproduce now and will
have reduced or no capacity later. Social
freezing, on the other hand, occurs when
there is no immediate need, such as when
there is a desire to delay parenthood so that
educational, professional, or other goals can
be met. The difference is important because
medical freezing is usually seen as a “need”
and is therefore acceptable, whereas social
freezing is elective or a “wish” and therefore
is questionable."

The labels are important for both ethical
and political reasons because most people
would consider medical freezing to be ethi-
cally acceptable and also worthy of societal
support, perhaps even financial coverage,
while some might consider social freezing to
be neither ethically acceptable nor worthy of
coverage.

What’s the difference?

But is the difference really all that clear? If a
woman has a mother and a sister who have
undergone premature menopause in their
30s and she now has signs of diminishing
ovarian reserve in her late 20s, would a desire
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to freeze eggs be medical or social? She has
no immediate need for treatment but a rea-
sonable expectation of need later. One could
argue that she should go to a sperm bank
now if she has no partner, or change her life
plans—but is this a reasonable expectation?
If a woman is perfectly healthy but her hus-
band has severe sperm problems and she
elects IVF to treat male-factor infertility, is it
medical or social? There are many situations
in which it is unclear whether the reason for
egg freezing would be medical or social.

Does it matter?

In any event, are social reasons to freeze eggs
not legitimate? Many would argue that medi-
cal services should be used to treat diseases,
not social causes. Yet we use medicine all the
time to treat problems caused by social fac-
tors (obesity, depression, anxiety).

Some would argue that it is a personal
decision to delay reproduction, and that
health problems caused by personal deci-
sions do not merit medical intervention.
However, it is common to provide medical
services to people who require the services
only because of personal decisions—for
instance, professional and amateur athletes
who injure themselves pursuing activities
for compensation or pleasure, or smokers or
persons with alcoholism.

Others have argued that social freezing
isinappropriate because it is only being done
to avoid the consequences of aging, and that
its need could be avoided by not waiting
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too long to get pregnant. But we treat many
conditions that occur primarily as a result
of aging (hypertension, dementia, poor eye-
sight).

Because it has become generally
accepted to treat older women with dimin-
ished ovarian reserve and infertility, why is
it inappropriate to treat women—when they
are younger—with egg freezing to mitigate
the impact of aging on reproductive perfor-
mance that we know will occur later? If we
could prevent or limit the impact of aging on

the cardiovascular or neurologic systems by
interventions earlier in a person’s life, would
we not provide that medical service? Do we
not provide statins and other medications to
delay or limit the sequelae of aging? What is
the difference with egg freezing?

Therefore, could it be discriminatory not
to consider egg freezing ethical and accept-
able, even if the reason for the procedure is
considered social? Why should egg freez-
ing for social reasons not be acceptable and
widely available?

Who should pay for egg freezing?

Even if egg freezing performed because of
social reasons is considered ethical and
is supported by society, it does not necessar-
ily follow that it will or should be paid for by
society. The creation of policies determining
coverage for health-care services is a com-
plex process and is based on overall societal
needs, economic capabilities, and relative
social value of the services. Because infertil-
ity carries such a large personal burden and
childbearing is so essential to any society, one
can argue that infertility, per se, should be
covered by society and, in the United States,
its surrogate employers and insurance com-
panies. This is often not the case, however. So,
while it can be argued that egg freezing should
be covered by insurance for both medical and
social reasons, even the success of that argu-
ment does not mean it will be so in the cur-
rent US health-care system.

Because egg freezing involves two major
steps: (1) ovarian stimulation, egg retrieval,
egg freezing, and egg storage followed at a
later date by (2) egg thawing, fertilization,
embryo culture, and embryo replacement in
the uterus, what would be socially justified
coverage of egg freezing? Society could cover
just the first step or just the second, or both.
Such decisions would depend on an assess-
ment of the social benefit from coverage of
these services. Such analysis is not yet avail-
able because of limited experience.
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Is the cost worth it?

Amajorissue forwomen considering egg freez-
ing for social reasons is whether a sufficient
number of eggs will be retrieved to provide a
reasonable chance for pregnancy later when
they are used. The FIGURE (page 38) illustrates
the probability of a live birth after egg freezing.
It should be noted that while most, but not all,
eggs survive thawing after vitrification, not all
eggs will become fertilized. Only about half of
the fertilized eggs will grow to a day 3 embryo,
and not all of those embryos will be viable.
Therefore, constant reproductive loss occurs
after the eggs are retrieved.

Furthermore, even after embryo replace-
ment, pregnancy does not occur in every
case, and some pregnancies are lost to mis-
carriage as well as other complications of
pregnancy and childbirth. The FIGURE shows
that a 25-year-old woman with 12 eggs fro-
zen would have an estimated pregnancy rate
much greater than 50%. However, the num-
bers also indicate that egg freezing is not very
successful for older women who, at this time,
constitute many of those considering the
procedure.'®

Another consideration is that a sig-
nificant, but currently unknown, number of
women who freeze their eggs will never use
them for a variety of reasons. This is especially
true of younger women, for whom many
of the factors determining their eventual
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Probability of a live birth
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M 1 embryo transferred
6 eggs thawed

B 3 embryos transferred

Age 40

Representative probabilities (%) of live birth for ages 25, 30, 35, and 40 based on number of oocytes

thawed and embryos transferred.
Source: Cil AP, et al.’®

reproductive life might well change. They
may eventually decide not to have children
or they might become pregnant naturally
or after fertility treatments that are cheaper
than using the frozen eggs.

A $200,000 price tag?

Let’s consider the near 20% estimated preg-
nancy rate for age 35 in the FIGURE. If only half
of the women aged 35 who freeze 6 eggs even-
tually use them (but, again, only about 20%
have a baby), it means that only one of every

What should we do

10 women who freeze their eggs eventually
will have a baby as a result of the procedure.
The number needed to treat (NNT) is there-
fore 10, and if the cost is $20,000 for the egg
freezing procedure and storage over 5 to 10
years, the overall cost per baby born is about
$200,000. If 12 eggs are frozen, the cost is
$100,000. This clearly is a significant cost, and
a greater cost than most other fertility treat-
ments to achieve a baby, even in the older
population. Therefore, the cost-effectiveness
of social egg freezing is yet to be determined.

as we move forward?

Abandon the medical versus social
rhetoric
t is difficult to argue against egg freezing
for medical reasons, and the distinction
between medical and social freezing is largely
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an artificial construct. In general, therefore,
the differentiation between medical and
social egg freezing should be abandoned, and
egg freezing to preserve future fertility should
be considered ethical for whatever reasons.
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Consider the ideal time frame

for health insurance coverage

of egg freezing

That does not mean that egg freezing should
always be reimbursed. The decision for cover-
age by employers, insurers, and other payers
should be based on a cost-benefit analysis of
the social benefit, individual benefit, biologi-
cal chances of success, probability that the fro-
zen eggs will be used, medical risks/sequelae,
and the financial costs. Therefore, whether
or not egg freezing for fertility preservation is
covered will vary among countries and even
within countries and among different indi-
viduals. Such an approach to coverage should
apply to all medical interventions, including
both medical and social egg freezing.

This approach could possibly result in
findings and resulting policies that do not
cover egg freezing before age 30 because
too few women will return to use their eggs,
or after age 38 because the chances of suc-
cess are too low. Other instances of freezing
should not be forbidden but would not be
reimbursed by public or payer money."’
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