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The age-related fertility loss biologically limits the time for women to successfully 
conceive and safely carry a pregnancy to term. This limited and individually vari-
able reproductive timespan is especially confronting in view of the continued 
increase in overall live expectancy and the profoundly altered societal context.

As most fertility specialist around the world, I’m faced with the emotional bur-
den caused by age-related subfertility. In my clinical practice as a fertility specialist 
at the Centre for Reproductive Medicine in Brussels, I also realized that many, espe-
cially single women, are faced with their ticking biological clock and desperate to 
safeguard (part of) their reproductive potential until they find the right partner.

To my knowledge, this is the first academic book to focus on the different aspects 
related to this timely topic. I would like to express my deepest gratitude to all the 
authors for their kind cooperation which made this scientific book possible.

Brussels, Belgium� Dominic Stoop
16 June 2017

Preface
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Chapter 1
Female Age and Reproductive Chances

A.C. de Kat and F.J.M. Broekmans

�Introduction

We currently live in an era of family planning and female work-force emancipation, 
while experiencing an ever-increasing lifespan. With this has come the freedom and 
ability to delay the age of childbearing and facilitate conception. However, for some 
women this delay may result in having to undergo assisted reproductive treatment 
(ART) to achieve pregnancy or even in the inability to conceive at all. While calen-
dar, or ‘chronological age’ is very much related to biological or ‘reproductive age’, 
they can also represent separate entities. This means that while some women will be 
able to achieve a spontaneous pregnancy at age 35 without any problems, others 
may then have already missed their window of optimal opportunity. This chapter 
will cover the basic aspects of the reproductive physiology of the aging woman, as 
well as the demographics and consequences of postponed reproduction.

�Physiology of Reproductive Aging

�Oocyte Quantity

During the intra-uterine development of a female she is endowed with a supply of 
egg cells, or oocytes, which is not able to multiply and will thus decrease throughout 
her reproductive lifespan. The oocytes are surrounded by a layer of granulosa and 
theca cells, together constituting a follicle. In its earliest stage of development, 
while in the resting and non-developing pool, the follicle is considered to be 

A.C. de Kat (*) • F.J.M. Broekmans 
Reproductive Medicine and Gynaecology, University Medical Center Utrecht,  
Heidelberglaan 100, 3508 GA Utrecht, The Netherlands
e-mail: a.c.dekat@umcutrecht.nl

mailto:a.c.dekat@umcutrecht.nl


2

primordial. Starting at birth, follicle numbers in the resting pool decline through 
apoptosis of the resting follicles. After puberty, primordial follicles are either 
recruited to undergo development during the menstrual cycle, or go into apoptosis 
at any stage from resting through development (Fig. 1.1). The vast majority of all 
ovarian follicles will ultimately be lost through apoptosis [1, 2]. Through these 
pathways, the follicle pool declines with time, and thus with age.

At around 20 weeks of gestation, the pool of oocytes is fully developed, reaching 
a number of about seven million [2–4]. At birth, the number of follicles will have 
already decreased to approximately 1–2 million [4, 5]. With time, the oocyte pool 
declines further. At menarche, the number of remaining oocytes is thought to be 
300,000–400,000 [6], with an estimated 1000 oocytes remaining at the time of 
menopause [7], marking the end of the female reproductive lifespan. The onset of 
menopause coincides with the final menstrual period and occurs at an average age 
of 51 years, with ages between 40 and 60 years considered as the normal variation 
[4, 8–10].

�Oocyte Quality

In addition to a decrease in absolute follicle numbers with time, the aging ovary is 
also affected by a deterioration of oocyte quality. In the development from a primor-
dial follicle to fertilization, it is necessary for the oocyte to undergo two stages of 
meiosis in order to reach a haploid state. With advancing female age, the ability of 
the oocyte to undergo successful and high quality meiosis decreases, as reviewed by 
Handyside et  al. [11]. Experimental mice studies demonstrated increased aneu-
ploidy rates resulting from impaired meiotic divisions of oocytes in long-living 
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females, also known as meiotic non-disjunction, with various causative mechanisms 
related to errors in the cohesion and division of chromatids [12–15]. In humans, 
embryonic and fetal aneuploidies due to failures in both the meiosis I and II stages 
more often stem from aneuploidies in oocytes than spermatozoa [11, 16–18]. In 
assisted reproduction embryos, the number of aneuploidies exponentially increased 
with increasing maternal age [19, 20]. The significantly lower aneuploidy rate in 
older women with donor oocyte pregnancies confirms the aging oocyte to be the 
most important contributor to aneuploidic pregnancies [21].

Another consequence of female aging for the ovary is the effect on mitochondrial 
DNA, which is maternally inherited. Mitochondrial DNA functions as a reactive 
oxygen species (ROS) scavenger and is involved in cell metabolism by generating 
ATP for several functions [22]. As a woman ages, mitochondrial DNA sustains 
more damage and an increase in the number of mutations. After meiosis, the oocytes 
of aging women therefore increasingly contain damaged mitochondrial DNA, with 
a concomitant decline of total mitochondrial DNA content [22–24].

Besides the intrinsic aspects of aging described above, oocyte quality is also sug-
gested to be influenced by extrinsic factors related to aging such as lifestyle (e.g. 
smoking [25]), disease and environmental factors and oxidative stress exposure [11, 
26]. These factors may cause damage to the oocyte directly, but are also known to 
influence the epigenetic cell milieu. In animal studies, aging was associated with 
changes in DNA methylation and histone modification in oocytes, which resulted in 
an increased aneuploidy rate [27]. Epigenetic modifications are thought to lead to 
disturbances in the RNA expression necessary for follicular development, changes 
in the expression of DNA governing the meiosis process, and post-ovulatory DNA 
modifications [27], which in turn can cause aneuploidy.

�The Reproductive Consequences of Biological Aging

�Oocyte Quantity Decline

During the development of follicles recruited from the primordial follicle pool, a 
constant interplay consists between hormones produced by the follicular granulosa 
cells and those secreted from the hypothalamus and pituitary. This enables the regu-
lar cyclic pattern of ovulation and menstruation. When the primordial follicle pool, 
and thus the number of developing follicles selected from this pool, decrease to a 
certain threshold, the endocrine balance is altered [28]. Briefly, the relative lack of 
released gonadal hormones, such as estradiol and inhibin B initiates a mitigated 
negative feedback signal to the hypothalamus and pituitary, leading to an increase in 
gonadotrophin-releasing hormone (GnRH). The ensuing higher levels of FSH in 
combination with the decrease of FSH-sensitive follicles [4] cause dysregulation of 
follicle development and release. Initially, the increase of FSH-levels gives the 
development of antral, and selection of dominant, follicles an impulse. This results 
in an uninhibited dominant follicle selection during the menstrual cycle, which 
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therefore remains regular. With increasing FSH levels, the chance of early, or 
‘advanced’ dominant follicle growth increases [29]. This leads to the shortening of 
the menstrual cycle, which is the first noticeable sign of decreasing ovarian reserve. 
Eventually, the relative lack of available antral follicles inhibits the regular selection 
of a dominant follicle and ovulation, thus leading to an irregular length of the men-
strual cycle, marking the beginning of the perimenopausal transition [28, 30]. The 
irregularity of menstrual cycles becomes more pronounced in the late stage of the 
perimenopausal transition, which continues until the final menstrual period, herald-
ing the onset of menopause [30]. The time between the onset of irregular cycles and 
the onset of menopause is thought to be similar for all women, irrespective of their 
age at menopause (albeit studied in a population of women in which age at meno-
pause ranged between 44 and 55 years) [31].

�Oocyte Quality Decline

Although changes in the menstrual cycle pattern are indicative of having reached 
the later stages of reproductive aging, they will already have been preceded by a 
decline in fertility. Figure 1.2 summarizes the putative stages of fertility decline 
with age, from optimal fertility to menopause. At a mean age of 30–31 years, the 
per-cycle chance of achieving an ongoing pregnancy starts to decrease, due to either 
impaired fertilization or implantation [32, 33]. Data from a contained, religious 
community not applying any form of reproductive constriction, in the Québec 
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region in the early nineteenth century suggest that natural sterility subsequently 
occurs at an average age of 41 years, with a putative fixed interval of 10 years before 
the onset of menopause [34]. The occurrence of natural sterility a whole decade 
before the follicle pool is depleted can be problematic for women delaying their age 
of conception. It was recently estimated that women who wish to have respectively 
two or three children through natural conception should start as early as age 27 or 
23 in order to have a 90% chance of realizing this objective [35].

The impact of deteriorating oocyte quality on fertility extends further than just 
fertilization. Miscarriage rates start increasing in women trying to conceive after 30 
years of age, and exponentially so after age 35 [36]. The observed miscarriage rates 
are likely only the tip of the iceberg, as a large number of pregnancies may have 
miscarried before they could become clinically apparent [6]. Chromosomal abnor-
malities lie at the heart of at least 50% of all known miscarriages in the general 
population [37], but even in the event of an ongoing pregnancy, chromosomal 
abnormalities can still occur. The incidence of trisomy 13, 18 and in particular 21 
sharply increases with advancing maternal age [14, 38, 39]. Between the age of 15 
and 45, the incidence of a fetus with Down syndrome (trisomy 21) increases from 
0.6/1000 to 4.1/1000 [40, 41]. In a large epidemiological study from the United 
Kingdom, at least 95% of all Down syndrome cases were associated with meiotic 
non-disjunction [42].

The importance of oocyte quality in addition to quantity is exemplified by a 
group of women with the same extent of diminished ovarian reserve, wherein 
younger women had significantly better pregnancy rates [43]. Furthermore, oocyte 
quantity decline cannot independently predict implantation and pregnancy rates 
[44]. Male and uterine factors are also an important aspect of fertilization and 
implantation, but the high pregnancy rates in older women with donated oocytes 
suggest that the aging oocyte plays a primary role [45].

�Measuring Reproductive Aging

Chronological aging does not necessarily follow the same pace as reproductive aging. 
It can thus be the case that two women of the same chronological age have a very 
different ‘reproductive age’ and, as a result, different reproductive chances. A method 
of quantifying ovarian age was searched for in the field of ART, in order to individual-
ize ovulation induction dosages and estimate the feasibility of fertility treatment.

�Oocyte Quantity Markers

The past decade saw the emergence of several markers that represent the size of the 
remaining primordial follicle pool. Here, we briefly present two such markers fre-
quently used in clinical practice, also known as ovarian reserve tests (ORT): antral 
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follicle count (AFC) and anti-Müllerian hormone (AMH). From the non-growing 
pool, follicles are continuously selected to develop under the influence of 
FSH. Although the primordial follicle pool cannot be directly measured, the number 
of antral follicles, which can be determined by ultrasound, is directly correlated to 
the number of primordial follicles [46, 47]. Another proxy of the size of the primor-
dial follicle pool is AMH [48], which is produced by the granulosa cells of small 
developing follicles [49, 50] and can be measured in the peripheral circulation. Both 
AFC and AMH give an indication of the expected response to ovarian stimulation 
[51–53], but are also used as markers of the reproductive lifespan. Antral follicle 
count and AMH concentrations can better predict age at menopause than chrono-
logical aging or family history alone, in which respect AMH appears superior to 
AFC [54]. Predicting the age at which a woman will reach menopause could poten-
tially guide women and clinicians in decisions regarding family planning (when to 
start having children) and fertility treatment. However, despite initially hopeful 
results of age at menopause prediction with AMH, it is still not possible to pinpoint 
an exact age at menopause for an individual woman [54].

�Oocyte Quality Markers

In order to provide an estimation of the reproductive chances of women with 
advanced age, it would be desirable to have a marker of oocyte quality in addition 
to oocyte quantity. In theory, if the aging processes that influence both oocyte 
quantity and quality run in parallel, the decline in oocyte quantity could also be a 
measure of deteriorating oocyte quality. There is some dispute as to whether mark-
ers of oocyte quantity are indeed representative oocyte quality. This can be divided 
into two categories: fecundability, or the per-cycle chance of achieving a preg-
nancy, and fetal or embryonic aneuploidy. Levels of AMH below 0.7 ng/mL were 
associated with a 62% reduced chance of achieving pregnancy in an ovulatory 
cycle [55], but others found no association between ovarian reserve markers and 
pregnancy rate [56–58] or time to pregnancy [59]. With regard to fetal aneuploidy, 
there is evidence suggesting that trisomy occurrence is related to reduced AMH 
levels [60], or decreased ovarian reserve due to congenital ovarian absence or uni-
lateral surgery [61, 62], whereas no association between oocyte quantity and fetal 
aneuploidy is reported elsewhere [63, 64]. The latter is supported by a study in 
which embryonic aneuploidy rates were strongly related to maternal age, but not 
to the number of available embryos per stimulated cycle [19]. In other words, 
oocyte quantity does not appear to be unequivocally related to oocyte quality. The 
use of oocyte quantity markers for fertility work-up and counseling may therefore 
be limited. To date, there are still no known markers that are solely indicative of 
oocyte quality.

A.C. de Kat and F.J.M. Broekmans
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�Strategies for Reproduction at Advanced Age

In practice, the majority of women will be able to successfully achieve an ongoing 
pregnancy. Those who do not and have clear reasons for their sub- or infertility, such 
as tubal factor, azoospermia, or anovulation may benefit from targeted treatment 
strategies to their problem. However, when a reduced oocyte quantity or quality lies 
at the heart of involuntary childlessness, the solution is less simple. To date, there 
are no known ways to increase oocyte quantity or improve oocyte quality. Treatment 
for ovarian aging therefore currently has a more preventative nature: women are 
advised not to postpone a pregnancy for too long and should consider lifestyle hab-
its such as smoking to be a constant threat factor for their (future) fertility. At a late 
stage of ovarian aging, oocyte donation, using eggs form young or at least previ-
ously fertile women, may be the only remaining treatment option for a viable 
euploidic pregnancy.

Key Message 

	1.	 Female aging is associated with a decline in quantity and quality of oocytes.
	2.	 The decline in oocyte quantity ultimately results in the onset of menopause, 

while the decline in oocyte quality leads to an increased proportion of chromo-
somal abnormalities.

	3.	 Reproductive aging is associated with a loss in fertility and increase in miscar-
riage rates.

	4.	 Oocyte quantity can be measured through proxy markers, but there are currently 
no available markers of oocyte quality.

	5.	 Besides prevention, there are currently no treatment options for the consequences 
of female reproductive aging.
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Chapter 2
Late Motherhood in Low-Fertility Countries: 
Reproductive Intentions, Trends 
and Consequences

Tomáš Sobotka and Éva Beaujouan

�Introduction

Delayed parenthood is one of the defining features of the massive transformation of 
family and reproduction in rich countries [1]. The “contraceptive revolution” that 
started in the late 1960s, together with relatively easy access to abortion in most 
countries, have given women and couples an effective control over their pregnancies 
and contributed to changing family and partnership relations [2]. Young people in 
Western Europe today are sexually active for more than a decade before becoming 
parents. Policy concerns about high rates of teenage pregnancies, common in many 
Western countries a few decades ago [3], have gradually given way to heated debates 
about late motherhood and ticking biological clock [4, 5]. In the United Kingdom, 
The Royal College of Obstetricians and Gynaecologists [6] declared later maternal 
age as an “emerging public health issue” that needs to be thoroughly studied.

Scientific and media debates on delayed motherhood take different angles, 
reflecting upon the advantages as well as drawbacks of this phenomenon. Some 
view late parenthood as an opportunity and a positive experience [7]. Older par-
ents may offer children higher living standards and more stable family arrange-
ments, improving their future life chances [8]. Often, delayed parenthood is 
portrayed as risky, potentially endangering mother’s and children’s health or lead-
ing to involuntary childlessness and demographic decline [9, 10]. Discussions in 
popular press often blame women (and occasionally men) who wait for “too long,” 
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presenting them as selfish, career-oriented, irresponsible, and breaking the “natu-
ral order” [11, 12]. Some of these concerns are justified. It has been repeatedly 
shown that even well educated women are often poorly informed about female 
reproductive aging, infertility and the increased risk of pregnancy complications, 
and they often overestimate the chances of becoming pregnant at higher reproduc-
tive ages [13–16].

In this chapter we analyse the shift to later parenthood and review its conse-
quences for children and parents, especially mothers. First we analyse the trends in 
birth rates at advanced reproductive ages (35+), including trends at very high repro-
ductive ages (50+), which were characterised by a rapid rise in first and second birth 
rates. We show that a relatively high share of childless women and women with one 
child aged 35–44 still plan to have a child in the future. Subsequently, we analyse 
success rates of assisted reproduction at advanced reproductive ages and its role in 
fuelling the trend towards delayed motherhood. Next we discuss the key drivers of 
delayed parenthood and its demographic consequences. Finally, we briefly review 
the consequences of delayed motherhood for pregnancy outcomes, maternal and 
child health and highlight selected positive consequences of later parenthood for 
mothers and children, which provide economic and social rationale for late repro-
duction. Our main focus is on developed countries in Europe, North America, 
Oceania and East Asia which have experienced a continuing shift to delayed repro-
duction in the last four decades.

�Shifting Childbearing to Advanced Reproductive Ages

�The Long-Term Trend Towards Late Motherhood

The trend to later motherhood first started in Western and Northern Europe, the 
United States, Canada, Australia and Japan in the early 1970s, thus reversing the 
shift towards earlier first births observed during the post-war baby boom era [17]. 
Other developed countries and regions followed during the 1980s and 1990s. 
Recently, the mean age at first birth among women has surpassed 30  in several 
European countries including Italy and Spain, and in South Korea where it reached 
31.1 in 2014, the record-high among rich countries (Fig. 2.1). In the most developed 
countries the age at starting a family among women has shifted from 22–25 in 1970 
to 26–30 in 2014, without showing signs of stabilising or reversing.

In most other world regions women still become mothers early in life, but even 
many of the less developed countries with high fertility have seen postponement of 
first marriage and first birth and a decline in adolescent births in the last two decades 
([21]: 38). A gradual trend towards delayed motherhood has been reported for many 
middle-income countries with relatively low fertility, including China, Iran, and the 
countries of Northern Africa, and Latin America (including Chile, Fig. 2.1) [22, 23].
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�More Frequent Late First and Second Births

Childbearing at higher reproductive ages is not a new phenomenon. Late births had 
been historically much more common than today, owing to many women having a 
large family and continuing reproducing until experiencing sterility. In the era of 
large families until the early twentieth century, childbearing was common even 
among women past age 40.

With the decline in family size, and a virtual disappearance of large families with 
more than four children, the historical pattern of having a fourth, fifth or sixth birth 
at late reproductive ages has been replaced with a new pattern of having a first or a 
second child later in life. This is especially the case in countries characterized by 
low fertility rates and a rapid shift to late motherhood, including Italy and Spain. 
Across the rich low-fertility countries the share of births to women aged 35 and 
older has risen quickly since 1980 and this increase has been particularly steep for 
first and second births and at ages 40+ (Table 2.1). For instance, in Japan, the share 
of first birth rates that took place among women aged 35 and over jumped from 2% 
in 1980 to 17% in 2014 and the share of second birth rates at these ages jumped 
from 4 to 26%. At the same time the contribution of women aged 40 and over to 
total fertility in Japan went up from a low of 0.5 to 3.8% (Table 2.1).

Despite these dramatic shifts, childbearing at ages 40 and higher still remains 
rather infrequent. In Spain and Sweden, where the shift to late motherhood is well 
advanced, women gave birth to 0.08 children on average after age 40 in 2014. This 
amounts to less than 6% of their theoretical reproductive capacity above age 40 
estimated at 1.43 children per woman [24]. Late births are even less common in 
most other rich countries [18].
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�Childbearing at Very High Reproductive Ages

Advances in assisted reproductive technology (ART), especially oocyte cryopreser-
vation, have partly eroded the conventional boundaries of female reproductive lifes-
pan marked by follicular depletion and menopause (see Kat and Broekmans in 
Chap. 1). In the United States, the number of births to women aged 50+ tripled from 
255 in 2000 to 743 in 2014 [25, 26]. In the European Union countries (including the 
United Kingdom) the number of births to women aged 50+ in 2002–2014 jumped 
from 287 to 1019 ([27], own computations). Wikipedia [28] provides an extensive 
list of women who gave birth at age 50 or older, with the three oldest mothers 
reportedly being all from India and giving birth at age 70 between 2008 and 2016. 
The oldest mother with fully verified age is Maria del Carmen Bousada from Spain 

Table 2.1  Contribution of women aged 35+ and 40+ to total fertility rates (TFR), first birth rates 
and second birth rates in six developed countries, 1980–2014

Age 35+ Age 40+
Total First births Second births Total First births Second births

Japan
1980 4.3 2.1 3.7 0.5 0.3 0.3
2000 13.3 7.2 14.1 1.5 0.8 1.2
2014 23.0 17.0 25.9 3.8 3.0 3.9
United States
1980 6.4 1.9 3.9 1.1 0.2 0.4
2000 11.8 6.4 11.5 2.0 1.1 1.7
2014 16.7 9.7 16.6 3.1 1.8 2.7
Netherlands
1980 6.5 2.1 4.2 1.2 0.3 0.5
2000 16.1 8.6 17.4 2.0 0.9 1.8
2014 19.7 12.0 21.6 2.8 1.7 2.5
Russia
1980 6.5 1.7 5.4 1.4 0.3 0.7
2000 6.2 2.1 6.7 1.0 0.3 0.8
2014 13.4 4.4 14.9 2.4 0.7 2.2
Spain
1980 14.0 4.6 7.8 3.7 1.4 1.4
2000 20.2 11.2 25.8 2.8 1.5 2.6
2014 30.3 22.3 38.3 6.1 4.5 6.9
Sweden
1980 8.4 3.1 6.4 1.3 0.4 0.7
2000 16.3 8.1 15.7 2.6 1.1 2.1
2014 22.1 12.8 22.7 4.1 2.4 3.6

Source: Own computations from the Human Fertility Database [18]
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who gave birth to twin boys shortly before her 67th birthday, after receiving ART 
using donor oocytes in the United States.

�Childbearing Intentions and Their Realisation at Higher 
Reproductive Ages

�High Share of Childless Women Aged 35+ Intends to Have 
a Child

The Generations and Gender Surveys (GGS) for six European countries that took 
place in the 2000s reveal that many women still plan to have a child at an age when 
their reproductive capacity is declining [29]. This is especially the case in Austria, 
France, Italy, and Russia where 28–32% of women aged 35–39 intended having 
a(nother) child (Fig.  2.2). Perhaps more surprising is that more than one in ten 
women aged 40–44  in Austria, Italy and Russia intended having a(nother) child. 
These shares were much lower in Czechia and Poland, two post-communist coun-
tries where reproduction took place at relatively young ages until the 1990s. 
However, women at older reproductive ages also express uncertainty about their 
plans: in each analysed country the share of women responding they “probably” 
intend to have a child outnumbers the share responding they are “certain” about 
their intention.

Another consistent finding is a strong family size gradient in reproductive inten-
tions: the plan to have a child later in life is very common among childless women 
aged 35–39, with a majority of these women intending to become mothers. Also 
many women with one child still planned to have a second child in the future. In 
contrast, only a few women having two or more children intended to have another 
child at later ages (Fig. 2.2b). Very similar gradient is found also for women aged 
40–44 and for men at advanced reproductive ages (not shown here; see [30]).

�Actual Fertility at Higher Reproductive Ages Matches More 
Closely the Earlier Reproductive Intentions Among Mothers 
Than Those Among the Childless

How are intentions to have children later in life related to the actual fertility rates at 
higher reproductive ages? For three European countries, Austria, Italy, and the 
Netherlands, we compared survey data on reproductive intentions with the aggre-
gate data on childbearing probabilities by age and parity included in the Human 
Fertility Database [18] and Human Fertility Collection [19]. We did not follow up 
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the women interviewed at the time of the survey, but we compared their plans with 
population-wide data on the likelihood of having a child by the end of their repro-
ductive life among all women who were of the same age and had the same number 
of children in the year intention estimates were calculated.

Table 2.2 illustrates this correspondence for Italy, where 37% of women aged 
35–39 intended to have a child in the future (including those saying “probably yes”) 
according to the 2009 Multiscopo survey. This compares with the aggregate data 
showing that 22% of women of that age gave birth in the years following the survey. 
A similar correspondence is found for Austria (24% intended to have a child vs. 
15% have had a child; see [30], Table 2.2a) and yet closer relationship is found for 
the Netherlands (20% vs. 16%) (results for Austria and the Netherlands not shown 
here). These comparisons indicate that women aged 35–39 wishing to have a child 
in the future still have a relatively good chance of achieving their goal, even when 
taking into account that those giving birth to a child are not always those who 
intended to have one.

The gap between reproductive intentions and actual pregnancies becomes much 
wider at later ages, 40–44, when many women are infertile and the potential mothers 
often widely overestimate their chances of becoming pregnant (see data for Italy in 
Table  2.2). In addition, childless women aged 35+ consistently show a larger gap 
between their reproductive intentions and subsequent childbearing. This gap is partly 
related to considerable uncertainty about the reproductive plans reported by these 
women, but it is also due to their unrealistic expectations and adverse life circum-
stances (which often include not having a partner). Selectivity plays a role as well, with 
more frequent health problems and higher infertility among the childless.

Table 2.2  Percentage of Italian women aged 35–39 and 40–44 intending to have a(nother) child 
(Multiscopo survey in 2009) and the share of women giving birth to a child in the following years 
(population-level statistics, in percent)

2009 Multiscopo survey Population-level fertility data

Intention to have a child, 
% N

Share having a child 
(% of all women 
irrespective of their 
intention)

Share having 
a child related 
to the share 
intendingYes

Probably 
yes Total

Age 35–39
Childless 24 40 64 463 31 0.48
1 child 14 34 49 411 33 0.67
2+ children 2 10 12 764 9 0.75
Total 12 25 37 1638 22 0.59
Age 40–44
Childless 7 27 34 362 7 0.20
1 child 3 14 17 436 6 0.33
2+ children 1 1 2 967 1 0.60
Total 3 10 13 1765 4 0.28

Source: Own computations from Multiscopo ISTAT—Family and Social Subjects (2009) survey
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�Assisted Reproduction and Delayed Childbearing

�Rising ART Use and Declining ART Success Rates at Higher 
Reproductive Ages

Many women planning to have a child in their late 30s and early 40s are likely to 
face infertility and turn to ART treatment. This trend is partly fuelled by widespread 
misperceptions about the ability of ART to compensate for infertility at later repro-
ductive ages [31], giving women an illusion of fertility control at higher reproduc-
tive ages [32, 33]. Despite many rich countries not subsidizing ART for women after 
a certain age threshold, the number of ART cycles is rising fastest at age 40 and 
higher. In the United States, 21% of all ART cycles in 2013 (i.e., 34 thousand cycles) 
were initiated by women aged 41+ (own computations from the Centers for Disease 
Control and Prevention data [34]).

In Europe, the incomplete data show that the number of registered ART cycles at 
ages 40+ increased much faster in 2002–2012, by a factor of 3.1, than the number 
of cycles initiated by younger women, which increased by a factor of 1.8 (computa-
tions based on [35, 36]). Especially steep rise was reported for ART using donor 
oocytes, which quadrupled in the same period. Overall, the share of ART cycles 
initiated by women aged 40+ jumped from 12 to 19% in 2002–2012, contributing 
about 7% of all children born to women over age 40.

Success rates of non-donor assisted reproduction, measured especially by the 
percentage of ART cycles that result in pregnancies and live births or single-infant 
live births, decline rapidly with age among women past age 32 ([34], Fig.  14). 
Figure 2.3 illustrates this pattern using the data for the United States. Among women 
undergoing non-donor ART in 2013, pregnancy rates per cycle reached 46% at ages 
below 35, 25% at age 40 and only 4% at ages 45+. Because of high rates of miscar-
riage at higher ages, the fall in the likelihood of live birth following ART cycle is 
even steeper with age: 40% of non-donor ART cycles initiated at ages <35 resulted 
in live birth in 2013, compared with 17% of the cycles initiated at age 40 and 2% at 
ages 45+ (Fig. 2.3). The likelihood of live birth has improved only gradually among 
women past age 40. A majority of women do not achieve pregnancy leading to live 
birth after age 40 even after six or more ART cycles [37, 38].

Conventional ART using non-donor oocytes therefore cannot offset age-related 
fertility decline and for many women it does not provide a realistic chance of having 
a child after age 40 [31, 39, 40]. Also the cost of ART treatments per live birth deliv-
ery rises steeply after age 40, making conventional non-donor ART use problematic, 
especially after age 45 [41].

In contrast, ART with donor oocytes shows remarkably stable success rate with 
age of women treated, with the percentage of ART cycles resulting in live births 
staying over 50% even for women in their 40s according to the US data for 2013 
([34]: Fig. 40) (for more details on treatment options see Drakopoulos and Polyzos 
in Chap. 3). Therefore, despite higher costs and despite the fact that in case of suc-
cessful treatment the child will not be genetically related to the mother, the use of 
donor oocytes increases rapidly. In the United States, donor oocytes accounted for 
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37% of ART cycles among women aged 41+ and for around 78% of live births 
among ART users of that age; for Europe the corresponding estimates were 17% 
and 41%, respectively (own computations from [34] data and [35] data). In addition, 
the cryopreservation of oocytes has rapidly evolved and reached the stage when it 
has become widely available ([42]; see also Chap. 8 and other chapters in this vol-
ume). In the US, the number of oocyte or embryo banking cycles rose dramatically 
from around a thousand in 2006 to over 27 thousand in 2013 [34]. Surprisingly 
many of these freezing cycles, 30%, are taking place at ages 41+, i.e., at ages when 
the quality of oocytes deteriorates rapidly, implying lower chances of successful 
pregnancy and delivery later in life.

�Main Factors Contributing to Later Parenthood

A review by Mills et al. [43] identified the following key drivers of the shift towards 
later parenthood: expanding education, increased employment among women, eco-
nomic uncertainty and precarious forms of employment, low availability and high 
costs of housing, delayed and more unstable partnerships, more individualized 
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values including higher acceptance of childlessness, and lower levels of gender 
equality. These factors often reinforce each other and their importance differs by 
country and time period [17]. The shift towards later parenthood was supported by 
widely available efficient contraception, especially the pill [44, 45] and, more 
recently, by the spread of “emergency contraception” that is used especially among 
young adult women [46].

Being in education is commonly perceived as incompatible with parenthood [47]. 
The continuing expansion of higher education in the rich countries during the last 
four decades has been repeatedly identified as a central driver of delayed parenthood 
[48, 49]. However, in many countries including the United States, United Kingdom 
and Norway, highly educated women increasingly shifted childbearing well beyond 
the time of completing their education, often towards their mid- or late-30s [50–52]. 
This leads to rising contrasts (“polarization”) in first birth timing by social status, 
especially in Southern Europe and in English-speaking countries [53]. Unemployment 
and unstable economic conditions have been documented as important factors espe-
cially in Southern Europe, where policies supporting family formation are weak and 
many young adults face precarious labour market situation [54]. At an individual 
level, not having a suitable partner and, more generally, “not feeling ready” for moth-
erhood are frequently cited as important reasons for delaying motherhood [55, 56].

�Demographic Consequences of Delayed Childbearing

The shift to later motherhood has important population-level consequences. It nega-
tively affects period birth rates as some women who would otherwise have had a 
child in any given year shifted their childbearing plans towards the future. As a 
result, period total fertility rates are depressed and often decline well below the cor-
responding indicators of cohort family size [57, 58]. Delayed childbearing implies 
wider age distance between generations, which in turn means that women and men 
having children later in life are less likely to survive to see their grandchildren when 
compared with younger parents or they might not remain in good health when 
becoming grandparents [59, 60]. The stretched intergenerational interval also implies 
a slower pace of population decline when fertility rates are below the replacement-
level threshold of around 2.07 children per woman in low-mortality countries [61].

Later motherhood can also result in higher childlessness and reduced family size 
in the population. Leridon and Slama [62] simulated the impact of a postponement 
of the first pregnancy attempt by 30 and 69 months, initially starting at age 25 on 
average. The shift by 69 months would reduce the final number of children per 
woman by more than 10% (from 2.00 to 1.77) and would increase the share of child-
less couples from 11.7 to 17.7%. Te Velde et al. [63] used similar micro-simulation 
models, estimating that first birth postponement in six European countries between 
1970 and 2007 led to an increase in permanent childlessness in the range of 4% in 
Czechia to 7% in Spain.
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Delayed childbearing is closely associated with higher frequency of multiple 
births. Their increase with age of the mother is attributable to higher multiple 
follicle growth with age [64] and to high rates of multiple births following 
ART. In the highly developed countries the frequency of twin deliveries increased 
rapidly between 1970 and 2013, typically doubling, but in some cases (Greece, 
Hong Kong) tripling during that period [65]. In the United States, the number of 
twin live births per thousand live births went up from 18.9 in 1980 to 33.9 in 2014 
([25], Table 27). The analysis of data for 32 countries by Pison et al. [65] shows 
that ART use was the main reason for the rising frequency of twin births, contrib-
uting on average to three quarters of their observed rise between 1970 and 2005. 
As single embryo transfers are increasingly preferred by health professionals, the 
guidelines regulating ART use are being revised. Consequently, the frequency of 
twin and triplet deliveries peaked in 13 countries including Nordic countries, 
Australia, Japan, the Netherlands and Japan between 1998 and 2010 and then 
started declining [65–69].

�Consequences of Delayed Motherhood for Pregnancy 
Outcomes, Maternal and Child Health

Extensive medical literature documents the effects of pregnancy and childbearing at 
advanced reproductive ages on pregnancy outcomes, foetal development, and 
maternal and child health (e.g., [60, 70–74]). Many risks are related to “natural 
pregnancies”, but some including multiple deliveries are more typical for ART use. 
We give only brief highlights of the most important findings; more details are dis-
cussed elsewhere in this volume.

Pregnancy complications and foetal loss are more frequent at higher maternal 
ages. The frequency of miscarriages (spontaneous abortions), ectopic pregnancies 
as well as stillbirths increases rapidly with age among women in their late 30s and 
older [60, 75]. Danish register-based study found that at age 42 and older, more than 
half of pregnancies intended to be carried to term (i.e. excluding induced abortions) 
resulted in foetal loss, compared with 13.5% of pregnancies across all ages [75]. 
Male partner’s age was also found to be an independent risk factor for miscarriage 
[76]. Interestingly, women using donor oocytes do not show an increase rise in 
pregnancy loss with age [77, 78], which again suggests that the age and quality of 
oocytes are the main factors determining reproductive success (see also Kat and 
Broekmans in Chap. 1). A combination of rising infertility and more frequent preg-
nancy losses with age implies that women who have a strong childbearing desire 
and a preference for larger family should aim to have children relatively early in life. 
Habbema et al. [79] showed that women planning only one child and willing to take 
a 50% risk that they do not succeed can start their pregnancy attempt at age 41 (or 
42 if they are willing to use ART). Those planning three kids and wanting to have a 
90% chance they succeed should start as early as at age 23.
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Advanced maternal age is also a risk factor in preterm births [80, 81] and com-
plications during pregnancy and delivery, including high rate of Caesarean delivery, 
excessive labour bleeding, and higher frequency of diabetes and chronic and 
pregnancy-induced hypertension among mothers [71, 73, 74]. Older mothers are 
more likely to suffer from obesity, take medication or experience morbidity (see 
[82] for obesity). Multiple births, more common at later childbearing ages, consti-
tute an additional risk factor associated with low birth weight of infants, pregnancy 
complications, maternal risks, and higher long-term morbidity [83, 84]. Among 
children, advanced maternal age is often linked to higher incidence of congenital 
anomalies and chromosomal aberrations, as discussed in Chap. 1 by Kat and 
Broekmans.

�Positive Consequences of Parenthood at Later Ages 
for Parents and Children

�The Economic Rationale of Parenthood at Later Ages

Among higher educated women with better-paid jobs and good career prospects 
there is a strong economic rationale for delaying parenthood well beyond the period 
of completing education. It is based on a need for couples to accumulate resources 
before family formation, to have enough resources to rear their children and support 
their education as they grow up, to qualify for paid maternity and parental leaves, 
and to minimize the income loss linked to childcare-related career break.

Achieving financial security is often cited by couples as one of the most impor-
tant factors in their parenthood decisions [16]. In many countries, especially in 
Southern and Eastern Europe, rental housing is scarce or too costly. Young couples 
may need to accumulate considerable savings and achieve a stable income before 
purchasing their own flat or a house—which is often seen as a precondition to hav-
ing children [85, 86]. Married couples living in US cities with highest rents and 
housing sales prices were having their first child by 3–4 years later than the couples 
living in metropolitan areas with cheap housing [87]. In addition, raising children is 
costly, especially in countries where costs of childcare, healthcare and education 
shouldered by parents are high. In the US, the cost of raising a child from childbirth 
up to age 18 was estimated at 245,000 US Dollars for middle-income families, 
based on the 2013 computations by US Department of Agriculture [88]. This again 
motivates couples to put off childbearing until both partners achieve stable employ-
ment and steady income.

In countries which provide paid maternity and parental leave, including Nordic 
countries, their level is often linked to pre-leave income and a minimum period of 
uninterrupted employment before the leave. As this policy is focused on compensat-
ing parents their foregone earnings, it motivates prospective parents to get estab-
lished on the labour market and achieve a stable full-time position before having a 
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child, potentially delaying their parenthood [89]. Finally, among mothers with 
higher socio-economic position, earning losses due to childcare leave are substan-
tially lower at higher childbearing ages when they are more advanced in their 
careers, have more secure employment, and experience lower skill depreciation 
[90–92]. The US data analysed by Herr [93] show that fertility delays are paying off 
especially for college graduates: for them, each year of delaying motherhood after 
their labour market entry implies a 2.9% increase in their wage after a 20-year 
period, accounting for 5.5% of their total wage growth.

�Non-economic Positive Consequences of Delayed Parenthood

The positive consequences of delayed parenthood extend beyond resource accumu-
lation, more stable careers and lower income losses. However, the research in this 
area is relatively limited and the evidence so far is often based on small datasets or 
data pertaining to one country. Many papers do not address selection effects—the 
fact that older mothers are also, on average, better educated and healthier, and 
therefore the possible effects of late motherhood reported below might be more 
closely associated with their education and health rather than age [94, 95]. 
Therefore, these findings do not imply causality and have to be interpreted with 
caution.

Later parenthood is linked with a lower likelihood for children to be born to a 
mother living without a partner [60] and a lower percentage of unintended pregnan-
cies and births [96, 97]. Children born to older parents experience less frequent 
parental separation [98] and therefore they also experience living with a single 
mother or with stepparents less often than the children born earlier in life. The 
research on three indicators of child’s cognitive and behavioural outcomes at the 
age of three summarised by Hansen et  al. [99] showed these outcomes peaking 
among children born to mothers in their 30s. While much of this developmental 
advantage was attributable to their mothers’ higher education, the positive effect of 
later motherhood persisted even when mothers’ education, return to employment 
and childcare use were controlled for. Myrskylä and Margolis [100] found that par-
ents at older ages (35+) show more positive happiness trajectory after the childbirth 
than the younger parents.

Barclay and Myrskylä [101], working with Swedish data, demonstrated addi-
tional benefit of late motherhood for children. Children born to older mothers are 
also born in a later time period, reaping the benefits of improving social conditions 
over time. They are taller, more likely to attend university and perform better at 
standardised tests than their siblings born when their mothers were younger. Among 
mothers, late age at childbearing is associated with better health and longevity [102, 
103]. These findings again suggest that some of the benefits of later motherhood 
might be explained by selectivity of mothers who are fertile (and presumably 
healthyier) at later ages.
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�Discussion: The Contrasting Biological and Social Rationales 
for and Against Late Parenthood

As longevity continues rising, life courses of men and women stretch and they 
experience many important transitions later in life [104]. They complete their 
education, move from parental home, enter the labour market, or retire at ever 
higher ages. The fast increase in the number of women who are childless past age 
35 and plan to have a child in the future appears perfectly in line with this trend. 
With some simplification, children born to older parents are also born to more 
stable, happier and wealthier families. Many social and economic rationales speak 
for having children late in life. However, these rationales clash with “inconvenient 
biology” [105] as there is also a clear biological and health rationale for having 
children much earlier in life [9, 106]. The steep rise in the number of ART cycles at 
later reproductive ages illustrates the scale of infertility and unfulfilled pregnancy 
desires among women who arguably postponed parenthood for too long.

The rise of ART with donor oocytes and the advances in “social egg freezing” 
have gradually eroded the biological limits to fertility marked by follicular depletion 
and menopause. The number of post-menopausal women getting pregnant is 
increasing fast, although from very low numbers. At the same time, a vast majority 
of women still plan to get pregnant without the help of medically assisted reproduc-
tion. They are often caught between the conflicting motivations for and against hav-
ing children and struggling with the ever more pertinent question of “How long can 
you wait to have a baby?” [4, 5, 107]. As Habbema et  al. [79] demonstrate, the 
answer depends on family size preferences and the strength of these preferences.

Key Messages 

	1.	 A sharp increase in the number of women having their first or second birth after 
age 35 has taken place across the highly developed countries. Also the frequency 
of motherhood among post-menopausal women past age 50 is rising fast, but 
from extremely low levels.

	2.	 Childbearing intentions past age 35 are especially common among the childless 
women, many of whom will face infertility when trying to realise these plans.

	3.	 Assisted reproduction use has been rising faster among women past age 40 than 
among the younger age groups. However, success rates of ART using fresh 
non-donor oocytes remain low at ages 41+, with ART using donor oocytes or 
women’s own cryopreserved oocytes being much more effective and rapidly 
expanding alternatives.

	4.	 The massive expansion of university education is the main factor behind the shift 
to later motherhood, followed by unstable labour market and deteriorating eco-
nomic position of young adults as well as rapid changes in partnership behaviour 
and the availability of highly efficient contraception.

	5.	 Prospective parents face conflicting rationales for having children earlier or later 
in life. Biological and health rationales for early childbearing clash with eco-
nomic and well-being rationales for later reproduction, which include higher 
family stability and higher happiness among older parents.
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Chapter 3
Treatment Options for Age Related 
Fertility Loss

Panagiotis Drakopoulos and Nikolaos P. Polyzos

�Introduction

Age is probably the strongest determinant of treatment success in women seeking fertil-
ity advice. Although pregnancy rates after spontaneous conception or assisted repro-
ductive technologies (ART) are relatively good up to the age of 36–37, live birth rates 
significantly drop with advancing age. Fertility decline, which is associated with the 
higher oocyte and embryo aneuploidy rate in women of advanced age, is more pro-
found above the age of 40, given that in these patients miscarriage rates exceed 30% [1].

In this chapter we will discuss the treatment options available for women of 
advanced age in order to overcome the burden associated with age-related fertility 
loss. In addition, we will present controversial topics related to age fertility decline, 
as also future perspectives for the management of this difficult group of patients.
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�Age Related Fertility Loss

The number of oocytes decreases naturally and progressively though the process of 
atresia. The fecundity of women decreases gradually with age, with a steep, signifi-
cant decrease observed after the age of 37 years [2]. This age-related- related decline 
in fertility is also accompanied by significant increases in the aneuploidy and spon-
taneous abortion rates [3] (Chap. 1).

Accordingly, declines in oocyte yields and oocyte quality (i.e. ‘ovarian aging’) 
are the primary reasons for deteriorating in vitro fertilization (IVF) outcomes with 
advancing female age, with oocyte quality determining most of embryo quality and 
embryo quality determining most of pregnancy and live birth chances.

Data recently published by the Human Fertilisation and Embryology Authority 
(HFEA) outlines the negative correlation between pregnancy rates and female age 
for the UK’s licensed fertility clinics in 2014 [4]. In that year, the analysis of 67,708 
cycles of IVF/ICSI demonstrated that pregnancy rates consistently decline with age. 
In particular, the pregnancy rate per embryo transfer for women of 38–39 was 
30.3%, dropping to 21.3% for the age range 40–42, falling again to 11.3% for ages 
43–44, reducing to 2.2% for women aged 45 and over (Fig. 3.1)

In conclusion, undoubtedly age is the best predictor of live birth chances and a 
key component to the understanding of female reproduction.
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Fig. 3.1  Pregnancy rate (per embryo transfer) for patients receiving IVF treatment using their own 
fresh eggs, 2013 and 2014. Adapted from Human Fertilisation and Embryology Authority, Fertility 
Treatment in 2014: Trends and Figures, March 2016
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�Assisted Reproductive Technologies (ART)

�Intrauterine Insemination or In Vitro Fertilization

Infertile counseling is one of the most unpredicted and beautiful part of everyday 
clinical practice, as it is full of dilemmas. Deciding whether patients should directly 
be offered IVF or intrauterine insemination (IUI) for the most effective management 
of their fertility problems is a difficult decision which needs to take into consider-
ation multiple factors, including not only the success rates of each procedure, but 
also different factors affecting fertility, and obviously the female age.

IUI is often the first choice for most couples in which motile sperm count is rea-
sonable and tubal patency is confirmed.

Female age should always be taken into account when counseling patients, given 
that current evidence demonstrates disappointing pregnancy rates after IUI (whether or 
not combined with ovulation induction/stimulation) in women of advanced age, for 
whom time for conception is critical [5, 6]. The role of age was further emphasized in 
a large retrospective analysis of 6630 IUI cycles with donor sperm evaluating the 
cumulative delivery rates of IUI in different age categories [7]. According to the results 
of the afore mentioned study, it seems that after the fifth IUI cycle, the increase in the 
delivery rates becomes less apparent and reaches a plateau after the eighth IUI cycle in 
patients <40 years, whereas the plateau is detected considerably earlier in older patients.

On the other hand, several large series have described IVF outcomes in older 
patients. On average, live birth rates have been reported to be 8–10% per started 
cycle in women over the age of 40 [6]. Nevertheless, it should be highlighted that 
when the data was stratified by yearly age intervals, the results showed a significant 
decrease in live birth rates with each additional year in age [8].

Consequently, if we consider the age related fertility decline, the accelerated 
decrease in the ovarian reserve of women of advanced age [9] and the high inci-
dence of embryo aneuploidy which is evident in women above 40 years old, adop-
tion of IVF as a first line treatment may be the best option for this group of infertile 
patients.

�Ovarian Stimulation in Women of Advanced Age

The proportion of women aged 40 years old or over attending IVF/ICSI represents 
at least 25% of all cycles undertaken in Europe [10].

The 2013 US Society for Assisted Reproductive Technology (SART) data indi-
cated that only 6.6% of fresh nondonor IVF cycles were performed in women above 
age 42 years, whereas the preliminary 2014 data set suggests that this number 
increased to 8.4% [11]. This rise in the number of women of advanced age women 
seeking treatment using their own gametes is mainly due to the improvements of 
ovarian stimulation over the last decade and the fact that that older patients are no 
more considered as the “black sheep” for IVF centers, owing to their bad results.

3  Treatment Options for Age Related Fertility Loss
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Ovarian stimulation modalities in older women have been poorly studied and 
most of the available evidence has been derived from studies in poor ovarian 
responders and young women with unexplained infertility [12].

Based on large observational studies performed in poor responders according to 
the “Bologna” criteria (which are also certainly fulfilled by a large proportion of 
women of advanced age), results were consistently low, showing live birth rates of 6% 
in average, irrespective of the stimulation protocol [Gonadotropin-releasing hormone 
(GnRH) long, short agonist or GnRH antagonist protocol] and the type of the gonado-
tropins used [follicle stimulating hormone (FSH) or human menopausal gonadotropin 
(hMG)] [13–15]. Furthermore, there is sufficient evidence to suggest against the use 
of high doses above 300 IU of gonadotropins or the supplementation with luteinizing 
hormone (LH), since no increase will be observed in pregnancy rates [16–18].

On the other hand, inference of evidence on unexplained infertility obtained in 
young women to the age-related infertility of old women is inappropriate, as the two 
populations differ significantly. Only one recent randomized trial evaluated this 
issue in women aged 38–42 years who attempted to seek pregnancy for at least 6 
months and whose fertility diagnostic work-up was normal [19]. The patients were 
randomized into three different arms: (1) two cycles of IUI with clomiphene citrate 
and then IVF (n = 51), (2) two cycles of IUI with the use of gonadotropins and then 
IVF (n = 52) and (3) immediate IVF (n = 51). The live birth rate after the first two 
treatments cycles was higher in the latter group (being 7, 12 and 28% in the three 
groups, respectively) but the cumulative live birth did not differ (40%, 44% and 
41%, respectively).

�Natural Cycle IVF and Oocyte Accumulation

�Natural Cycle IVF

Natural cycle IVF, which represents a more patient friendly and cost-effective treat-
ment approach has demonstrated very good pregnancy rates in the general infertile 
population with a cumulative probability of pregnancy up to 46% [20] and this mild 
approach can be an alternative realistic treatment for many women desiring to avoid 
ovarian stimulation [20, 21].

Nevertheless, in poor responders, results are disappointing with low live birth 
rates not exceeding 3% per cycle, regardless of patients’ age [22]. Although the 
afore mentioned study included only poor responders according to the “Bologna” 
criteria, it seems that even advanced age women who do not fulfill the Bologna 
criteria, perform as poorly as “Bologna” poor responders [23].

In this regard, there is insufficient evidence to recommend natural cycle IVF as 
an alternative treatment modality in women of poor prognosis.
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�Oocyte Accumulation

The idea of oocyte accumulation is based on the assumption that an increase in 
the number of oocytes retrieved would allow poor responders to be endowed with 
a normoresponder-like status and yield similar results. Vitrification, as an excel-
lent cryopreservation method could serve for this purpose by creating a large 
stock of oocytes, accumulated after several stimulation cycles and inseminated in 
the same time in the future, in an attempt to create more embryos available for 
transfer.

This hypothesis was tested in a prospective non-randomized study including 
724 low responders, showing that live birth rates per patient were significantly 
higher (30.2% vs. 22.4%) in poor responders choosing the accumulation strat-
egy, suggesting that collection of oocytes could be a reasonable alternative to 
management of poor prognosis patients [24]. Nevertheless, these finding should 
be evaluated with skepticism due to the fact that after stratification by age, no 
significant difference in live birth rates was identified for patients <40 years, 
whereas a small significant difference existed for older women which repre-
sented a small part of the cohort, with only 38 allocated to the accumulation 
strategy group.

�Novel Ovarian Stimulation Protocols

�Corifollitropin Alfa

One of the most recently developed molecules developed for ovarian stimulation 
in women undergoing IVF/ICSI is corifollitropin alfa, a long-acting FSH that 
has been created by the fusion of the carboxy-terminal arm of the beta subunit of 
human chorionic gonadotropin (hCG) in the FSH molecule through recombinant 
technology [25].

Large randomized trials in women with normal ovarian response demonstrated 
good reproductive outcomes with high pregnancy rates and a potentially higher 
number of oocytes retrieved compared to recombinant FSH [26, 27].

In order to investigate the efficacy of this new gonadotropin in women with poor 
ovarian response, preliminary, pilot studies have been conducted in this special 
infertile population. However, although administration of corifollitropin alfa fol-
lowed by the administration of hMG in an antagonist protocol may indeed offer 
benefits in terms of pregnancy rates in women <40 years, results remain low for 
older women regardless of the protocol or the gonadotropin used [28–30].

Therefore, currently there is no evidence to suggest the use of corifollitropin 
alpha in older patients, in an attempt to increase their reproductive outcome.

3  Treatment Options for Age Related Fertility Loss
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�Dual Stimulation

The classic IVF procedure starts with ovarian stimulation in the early follicular 
phase, in an attempt to retrieve mature oocytes after several days of gonadotropins 
injections. Luteal phase stimulation has been originally used in case of emergency 
fertility preservation [31]. The fact that luteal antral follicles may have the same 
reproductive potential as follicular ones [32], was the trigger to hypothesize that 
more oocytes and embryos could be harvested if both follicular and luteal stimula-
tion are used in the same menstrual cycle.

The hypothesis of double stimulation was tested in a pilot study including 38 poor 
responders according to “Bologna” criteria [33]. In summary, the first (follicular) 
stage of the so-called Shanghai protocol included the administration of a mild stimu-
lation regimen of 150 IU of hMG combined with clomiphene citrate and letrozole, 
whereas in the second (luteal) stage, a total of 225 hMG IU and letrozole were admin-
istered daily from the day of, or the day after the first pick up. All embryos harvested 
from the two oocyte retrievals were cryopreserved and transferred in subsequent fro-
zen cycles. Although the results of the Shanghai protocol seem promising, as 26 out 
of 38 patients (68.4%) succeeded in producing 1–6 viable embryos for later use, great 
caution is needed due the small sample size and the pilot design of the study.

In the same context, Ubaldi et al. [34] performed a prospective non inferiority 
observational study including 43 patients with reduced ovarian reserve, undergoing 
follicular and luteal phase stimulation with identical protocols in the same men-
strual cycle, in a preimplantation genetic diagnosis for aneuploidy program. The 
primary outcome was the euploid blastocyst formation rates per metaphase II (MII) 
oocyte retrieved and the investigators found that both follicular and luteal phase 
stimulation yielded similar number of euploid blastocysts. Furthermore, luteal 
phase stimulation contributed significantly to an increase in the cumulative number 
of available transferrable embryos.

However, it should be highlighted that although these results seem indeed attrac-
tive and promising, it’s too early to guide clinicians towards the adoption of these 
approaches and certainly further studies are needed before implementing them to 
clinical practice.

�Preimplanation Genetic Screening

The goal of preimplantation genetic screening (PGS) is the transfer of a euploid 
embryo aiming at achieving a healthy pregnancy. Although universal application of 
this technology to all infertile patients undergoing IVF is an issue of debate mainly 
due to its cost, invasiveness and lack of RCTs of impeccable quality [35], it seems 
that older women may benefit from PGS [36, 37].

However, it should be highlighted that even if clinical pregnancy and live birth 
rates appear to be higher in older patients undergoing PGS using advanced tech-
niques of 24-chromosome screening, it seems that that the benefit is merely for 
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those who reach the stage of embryo transfer and have euploid embryos to transfer, 
as the per cycle advantage in this age group does not persist [36]. Therefore, the 
application of PGS seems to be of value only for a small subset of poor prognosis 
patients who are good responders and produce good quality embryos.

Older women should be counseled that several IVF cycles might be required to 
achieve a single euploid transfer.

�Adjuvant Treatments

�Growth Hormone

Adjuvant treatment with growth hormone (GH) during ovarian stimulation for IVF/
ICSI has been of great interest as an option to improve the outcome in women with 
poor ovarian response. The rationale for utilizing GH derived from early experimen-
tal studies, which demonstrated that GH stimulated the production of insulin-like 
growth factor (IGF) [38]. Thus, taking into consideration that IGF-1 has been shown 
to have synergistic effects with FSH on follicular development [39], it may be pos-
tulated that GH stimulates ovarian steroidogenesis and follicular development and 
thus may enhance oocyte quality.

Several small randomized controlled trials have been conducted the last 15 years 
evaluating the value of adding GH during ovarian stimulation of women with poor ovar-
ian response undergoing IVF/ICSI. However, the sample size of these trials was consid-
erably small, whereas the daily GH dose differed among different trials. A meta-analysis 
of those randomized trials in 2006 demonstrated that pregnancy rates were significantly 
higher in the GH group [40], whereas results were similar in an updated meta-analysis 
in 2010 with an odds ratio (95% CI) 3.28 (1.74–6.20) in favor of GH treatment [41].

Although results from these meta-analyses support the use of GH in poor ovarian 
response, results should be interpreted with great caution due to the lack of safety 
data, the small size of the trials included and the limited number of patients enrolled. 
Furthermore, a recent, not yet published, randomized double blind placebo con-
trolled study of GH administration in poor responders, which was early terminated 
after 4 years due to poor recruitment, failed to identify any significant in the 131 
participants allocated to the randomized arms [42].

Thus, at the moment the evidence is severely “undergrown” in order to recom-
mend routine use in clinical practice.

�Androgens

Androgen pre-treatment has probably been one of the most controversial, however 
widely off-label used treatment options for women with poor ovarian response. 
According to a survey analysis more than 25% of IVF centers utilize 
Dehydroepiandrosterone (DHEA) for the treatment of poor ovarian responders 
(www.ivfworldwide.com).

3  Treatment Options for Age Related Fertility Loss
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DHEA is a pre-androgen produced primarily by the adrenal glands with distinct 
variability in its peripheral conversion to testosterone. Despite the initial enthusiasm 
derived from the promising results of several cohort and small randomized trials 
studies using DHEA in poor ovarian responders undergoing IVF/ICSI treatment, 
recent well-designed RCTs did not find any significant improvement in reproduc-
tive outcomes of these women [43].

On the other hand, testosterone, an androgen which directly binds to the andro-
gen receptor may indeed have a role in poor responders. Evidence is derived from 
studies in primates showing that testosterone stimulates primordial follicle activa-
tion and increases the number of growing follicles by increasing IGF-follicular pro-
duction [44]. It appears that testosterone mainly acts in the early stages of 
folliculogenesis, by affecting follicular activation and growth [45]. In this regard, 
long administration of testosterone is mandatory in order to be able to detect a ben-
eficial effect (if any).

Nevertheless, it seems that lessons from ovarian physiology have not been well 
interpreted by clinical research, as in most of the small available randomized trials, 
transdermal testosterone in relatively high doses (which could be even detrimental 
for folliculogenesis) was administered before ovarian stimulation with a duration 
varying from 5 to 21 days [46, 47].

In conclusion, available literature regarding the use of androgens in women with 
poor ovarian response (including older patients) is limited. As far as DHEA is con-
cerned, results of randomized trials are robust enough to clearly not recommend its 
use in an attempt to improve outcomes of ovarian stimulation, whereas results from 
available randomized trials regarding the use of transdermal testosterone should be 
evaluated with great caution mainly due to the different doses used and the short 
duration of administration.

In this context, the results of one of the largest ongoing multicenter double-blind 
randomized trials (T TRANSPORT study; clinical trials registration number: 
NCT02418572) in poor responders using a daily dose of 5.5 mg of testosterone 
which exceeds 60 days of administration, are expected in order to shed more light 
for the role of androgens in human reproduction and provide final guidance for their 
use in IVF practice.

�In Vitro Activation of Primordial Follicles

The duration of female infertility span depends on the size of the primordial follicle 
pool and by the rate of its activation and depletion. Activation is the initial and most 
important step during folliculogenesis, as activated follicles that are not selected for 
further development will undergo atresia.

However, the molecular mechanisms involved are poorly investigated, although 
the activation of the PI3K pathway in each individual oocyte may be essential in 
determining the destiny of the primordial follicle, as demonstrated in genetically 
modified mice [48]. It seems that short term in vitro activation (IVA) of dormant 
ovarian follicles after disruption of the Hippo signaling and stimulation of the PI3K 
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pathway allows the generation of a large stock of mature oocytes that could be 
retrieved and used for IVF in murine [49, 50].

Interestingly, similar patterns have been identified in human oocytes. In fact, it 
was recently shown that ovarian cryopreservation, fragmentation and IVA drug 
treatment, followed by auto-transplantation in a small number of patients with pri-
mary ovarian insufficiency, could lead to the generation of functional mature oocytes 
for infertility treatment [51].

If these preliminary results are replicated in further larger studies including 
patients of advanced age or women with diminished ovarian reserve, news horizons 
could be opened up.

�Oocyte Donation

Oocyte donation was initially developed as a therapy for young women with prema-
ture ovarian failure, rather than as a means of overcoming the age-related decline in 
fertility. However, age-related infertility is now one of the most common reasons to 
use oocyte donation, especially in women over 40 years of age. Cumulative preg-
nancy rates after 4 cycles of embryo transfer have been reported to be as high as 
90%, irrespective of recipient’s age [52].

However, obstetrical and neonatal complications related to advanced maternal 
age should not be overlooked, especially given the increasing demand for the avail-
ability of oocyte donors. A recent meta-analysis reported elevated risks of hyperten-
sive disorders of pregnancy, preeclampsia, low birth weight, preterm birth, cesarean 
section and postpartum haemorrhage in pregnancies achieved after oocyte donation 
versus IVF or spontaneously conceived pregnancies [53].

Lastly, it should be highlighted that differences in the donation programs exist 
from country to country and raise ethical and legal issues such as financial compen-
sation of the donors, their anonymity and the waiting time of enrolled patients in the 
donation program.

Key Messages 

	1.	 The age related decline in fertility is accompanied by significant increases in the 
aneuploidy and spontaneous abortion rates.

	2.	 Adoption of IVF as a first line treatment may be the best option in women above 
40 years old.

	3.	 There is insufficient evidence to recommend natural cycle IVF, oocyte accumu-
lation or novel ovarian stimulation protocols including dual stimulation as alter-
native treatment modalities in women of poor prognosis.

	4.	 Testosterone pre-treatment in women with poor ovarian response may be an 
option, but more evidence derived by well-designed randomized studies is 
needed.

	5.	 Oocyte donation is an excellent treatment option with high success rates, 
although obstetrical and neonatal complications related to advanced maternal 
age should be taken into account.

3  Treatment Options for Age Related Fertility Loss
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Chapter 4
Preliminary Assessment Prior to Oocyte 
Cryopreservation

O. Rustamov and S.K. Sunkara

�Introduction

It has been estimated that around 90% of primordial follicles are lost by the age of 
30 years, which is an average age of women starting family in most western coun-
tries [1, 2]. This suggests most women start trying to conceive in a state of depleted 
ovarian reserve; consequently, in some this leads to infertility and childlessness. 
Therefore, availability of Fertility Preservation Services is emerging as a basic 
health necessity for some women. Owing to recent advances in techniques for 
oocyte vitrification an option of effective fertility preservation, long before women 
have made reproductive decisions, has become available. However due to a range of 
factors which include lack of societal acceptance, inadequate awareness among 
patients as well as health care professionals, the economic cost and the organisa-
tional challenges, Fertility Preservation services are not readily accessible.

In principal, care pathway of Oocyte Cryopreservation can be divided into four 
distinct stages: (1) preliminary assessment, (2) controlled ovarian stimulation, (3) 
oocyte recovery and cryopreservation and (4) post treatment counselling. Preliminary 
assessment is of paramount importance, given that the effectiveness of subsequent 
stages of the management are largely determined by this evaluation. In addition, 
pre-treatment consultation provides an excellent opportunity to develop an under-
standing with the patient which can be invaluable in care of patients undergoing a 
potentially stressful treatment.

In this chapter, the interventions for the preliminary assessment prior to oocyte 
cryopreservation has been discussed in a stepwise manner reflecting the patient 
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journey in real clinical conditions. The merit of each intervention has been appraised 
in the light of availability of the scientific evidence on its effectiveness. More impor-
tantly the quality of the evidence itself has been subjected to a robust interrogation, 
providing in depth analysis of the whole process.

A thorough preliminary assessment should include following stages: (1) history 
taking; (2) physical examination, (3) pelvic ultrasound scanning, (4) assessment of 
ovarian reserve, (5) genetic testing and (6) pre-treatment counselling.

�History Taking

It is important to note, that the choice of treatment interventions may vary according 
to patient characteristics and expectations. Therefore, the reason for requesting 
oocyte cryopreservation and the outcome patient expects from the treatment ought to 
be established. For instance, the treatment pathway of a young patient wishing fertil-
ity preservation prior to achieving career goals may differ to that of someone with a 
family history of premature ovarian insufficiency. Consequently, achieving an under-
standing of the reason behind the need for oocyte cryopreservation is of importance.

History on general health should be established to evaluate safety of ovarian 
stimulation and oocyte recovery procedures as well as implications of a future preg-
nancy on patient’s health. Reproductive history includes, age at menarche, duration 
of menstrual cycles, the date of last menstrual cycle, use of contraceptives, previous 
gynaecological pathologies and previous obstetric history. As part of a social history 
clinicians may seek if the patient is in a stable relationship, patient’s plans for future 
fertility and if there are any relevant social issues that may affect future plans for 
starting a family.

Importantly, by way of directed history taking, risk factors for loss of ovarian 
reserve should be ascertained. Ovarian reserve is determined by assembly of pri-
mordial follicles during embryonic and fetal period as well as subsequent rate of 
loss of oocytes, both of which appear to be largely under the influence of genetic, 
environmental, life style and medical factors [3, 4]. Studies have demonstrated that 
there is a significant association between maternal age at menopause and the ovar-
ian reserve of a woman [5]. Therefore, establishing this and reproductive history of 
the patient’s mother and sisters provide important insight into a genetic predisposi-
tion of the patient to premature ovarian insufficiency (POI). The effect of environ-
mental factors on ovarian reserve is not fully explored. However, there is convincing 
evidence on detrimental impact of certain agents such as radiation and gonadotoxic 
chemicals. Similarly, some life style factors such as smoking affect the patient’s 
ovarian reserve as well as reproductive performance in general. The role of certain 
medical factors on the ovarian reserve have been studied in depth which can largely 
be divided into three broad medical modalities: Radiotherapy, Chemotherapy and 
Surgical Intervention on ovaries. Although all these interventions appear to have 

O. Rustamov and S.K. Sunkara



45

detrimental effect on ovarian reserve, there is considerable variation between the 
effect of individual treatments. For instance, some chemotherapeutic agents display 
a potent gonadotoxic effect whilst others may result in mild and temporary cessa-
tion of the patient’s reproductive performance [6]. Similarly, the duration as well as 
dose of chemotherapeutic agents are also recognised determinants of subsequent 
ovarian reserve. Therefore obtaining detailed history on exposure to Genetic, 
Environmental, Life Style and Medical Factors for accelerated loss of ovarian 
reserve provides important insight into the patient’s current and future fertility, 
which is instrumental in counselling an individual patient with regards to their fer-
tility preservation.

In contrast, the role of other factors on the ovarian reserve is less understood. 
For instance, findings of studies on the role of ethnicity with ovarian reserve is 
conflicting. Some studies reported significant association between patient’s ethnic-
ity and AMH levels [4, 7] whilst other did not find any correlation of AMH with 
ethnicity [8]. Similarly, a recent study which compared all three main markers 
(AMH, AFC, FSH) in a large cohort of infertile women (n = 2946) found that the 
effect of ethnicity on the markers of ovarian reserve was weak; suggesting predic-
tion of the decline of ovarian reserve of individual patients on the basis of ethnicity 
is not feasible [9].

�Physical Examination

Basic anthropometric measurements such as height, weight and body mass index 
allows to evaluate overall wellbeing of the patient. However, the role of BMI in 
understanding of individual patient’s ovarian reserve is less understood. Whilst 
some report that higher body weight is associated with lower AMH [7, 10, 11], other 
studies found obese women have significantly higher AMH, AFC and lower FSH 
measurements levels suggesting direct correlation between weight and ovarian 
reserve [12].

�Ultrasound

Pelvic pathology may have significant impact on both oocyte cryopreservation 
cycle and future fertility treatment. Therefore presence of uterine, tubal and ovarian 
pathologies should be ruled out prior to oocyte cryopreservation treatment cycle. 
Consequently, ultrasound scanning should be utilised as a tool for screening. In 
addition ultrasound scan offers one of the best tools for assessment of ovarian 
reserve, antral follicle count (AFC), which has a number of advantages compared to 
that of other markers of ovarian reserve which as discussed below.

4  Preliminary Assessment Prior to Oocyte Cryopreservation
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�Assessment of Ovarian Reserve

The biological ovarian reserve is defined as the number of primordial and growing 
follicles left in the ovary at any given time and therefore, establishment of a true 
biological ovarian reserve is clearly not feasible in clinical setting. However, ovar-
ian reserve can be estimated using various biomarkers, such as Chronological Age, 
Follicle stimulating hormone (FSH), Anti-Mullerian Hormone (AMH) and Antral 
Follicle Count (AFC). Although these markers provide best available representation 
of patient’s ovarian reserve, it is important to appreciate the strengths and the limita-
tions of these markers so that they are interpreted within the context of overall 
characteristics of the tests rather than in absolute numbers. Therefore in order to 
provide in depth understanding; we first provide a brief review of the biology of 
ovarian reserve, then discuss technical performance of the tests in light of latest 
available evidence.

�Ovarian Reserve

An ovarian reserve is determined by the size of the oocyte pool at birth and the 
decline in the oocyte number thereafter. Both of these processes are largely under 
the influence of genetic factors although environmental and life style factors appear 
to play a role [13, 4]. Folliculogenesis in women of reproductive age consists of two 
stages (a) the initial non-cyclical recruitment of primordial follicles leading to the 
formation of primary and pre-antral follicles and (b) the cyclical development of 
antral follicles with a subsequent selection of a single dominant follicle (Fig. 4.1). 
The mechanism of the initial recruitment of the oocytes is not well understood, but 
it is clear that the process is independent of the influence of the pituitary gonadotro-
phins and appears to be governed by the genetically pre-programmed interaction of 
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the oocyte with local growth factors, the most important of which appears to be 
anti-Müllerian hormone, and cytokines [3]. Anti-Müllerian hormone appears to be 
the main regulator of the size of the primordial follicle pool by its inhibitory effect 
on the recruitment of the primordial follicles [14]. The cyclical phase of develop-
ment of oocytes is characterised by the transformation of secondary follicles into 
antral follicles and subsequent growth of the antral follicles into pre-ovulatory 
stages. In general, the process of cyclic recruitment starts from puberty under the 
influence of rising levels of pituitary follicular stimulating hormone (FSH). 
Interestingly, in addition to its inhibitory effect to the resting follicles, AMH also 
suppresses the development of the growing follicles and it appears that AMH inhib-
its FSH-induced follicle growth by reducing the sensitivity of growing follicles to 
FSH [15]. Thus AMH and FSH play a central role in recruitment and growth of fol-
licles which is underpinned by the state of ovarian reserve at given time that is 
largely determined by the woman’s age. Consequently measurement of these param-
eters, namely AMH, FSH, follicle count (AFC) and age, provides a window into the 
state of ovarian activity as well as overall reserve of the ovaries in women.

�Chronological Age

Owing to the biological age-related decline of the quantity, and arguably the quality, 
of oocytes the chronological age can be used as a marker of ovarian reserve. Studies 
have demonstrated that ovarian reserve [2, 16], natural fecundity and outcomes of 
ART [17, 18] decline significantly from age of 35 when it is believed the ovarian 
reserve undergoes accelerated decline. Although there is a strong association between 
chronological age and reduction in fertility, evidently there is a significant variation 
in age-related ovarian reserve indicating chronological age alone may not be suffi-
cient to estimate the individual woman’s ovarian reserve reliably [19].

�Basal FSH

Basal FSH was one of the first endocrine markers introduced in assessment of fertil-
ity and is still utilised in many fertility clinics, albeit in conjunction with other 
markers which are considered more reliable. Secretion of FSH is largely governed 
by the negative feedback effect of steroid hormones, primarily oestradiol, and inhib-
ins which are expressed in granulosa cells of growing ovarian follicles. Consequently, 
decreased or diminished recruitment of ovarian follicles is associated increased 
serum FSH measurements and high, particularly very high basal FSH reading is 
considered as a good marker of very low or diminished ovarian reserve [20]. 
However, unlike some other markers, FSH measurements do not appear to have 
discriminatory power for categorisation of patients to various bands of ovarian 
reserve. Given between-patient variability FSH measurement (CV 30%) is similar 
to its within-patient variability (27%), stratification of patients to various ranges of 
ovarian reserve does not appear to be feasible [21]. Indeed, a systematic review of 
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37 studies on the prediction of poor response and non-pregnancy in IVF cycle has 
concluded that, basal FSH is an adequate test at very high threshold levels and there-
fore has limited value in modern ART programs [19].

�Antral Follicle Count

Basal antral follicle count estimation involves ultrasound assessment of ovaries 
between 2nd and 4th day of menstrual period and counting “follicles”, which cor-
responds to antral stage of folliculogenesis [22]. The test provides direct quantita-
tive assessment of growing follicles and is known as one of the most reliable markers 
of ovarian reserve. AFC measurement has been reported as having a similar sensi-
tivity and specificity to AMH in prediction of poor and excessive ovarian response 
in IVF cycles [19, 23]. Given AFC measurement is available instantly and allows 
patients to be counseled immediately, the test eliminates the need for an additional 
patient visit prior to IVF cycle. However, AFC is normally performed only in the 
early follicular phase of the menstrual cycle, given most published data on measure-
ment of AFC are based on studies that assessed antral follicles during this stage of 
the cycle [22]. Interestingly, some studies suggest that variability of AFC during 
menstrual cycle is small, particularly when follicles between 2 and 6  mm are 
counted, and therefore assessment of AFC without account for the day of menstrual 
cycle may be feasible.

One of the main drawbacks of AFC is that the cut off levels for size of counted 
follicles remains to be standardised [22]. Initially, follicles of 2–10 mm were intro-
duced as the range for AFC and many studies were based on this cut off. Later, 
counting follicles of 2–6 mm was reported to provide most accurate assessment of 
ovarian reserve [24, 25] and therefore some newer studies are based on AFC mea-
surements that used this criterion. Consequently, direct comparison of the outcomes 
of various studies on assessment of AFC requires careful analysis.

Similar to other markers of ovarian reserve (Table 4.1), AFC appears to display 
significant variability between measurements in same patient [26]. The study that 
evaluated the measurement AFC (n = 4059) in a large cohort of patient (n = 2362) 

Table 4.1  Within- and—between patient variability of AFC, FSH, AMH (Gen II and DSL assays) 
measurement

AFC FSH AHM (Gen II assay)a AHM (DSL assay)

Comparsion
Mean 
(SD)

CV 
(%)

Mean 
(SD)

CV 
(%)

Mean 
(SD)

CV  
(%)

Mean  
(SD)

CV 
(%)

Between patients 13.9 (6.3) 35 7.4 (2.2) 30 11.2 126 12.7 (12.0) 94
Within-patient 30 27 59 28
Within-sample ND   6 3.57 4.8

Note: Data on FSH, AFC and AMH (Gen II and DSL assays) are based on population of the same 
centre [21, 27]
AMH measured in pmol/L, FSH in IU/L, CV coefficient of variation, ND not determined
aUnmodified original Gen II assay (Data collection: 17.11.2010–25.10.2011)
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found that within-patient variation of AFC (CV 30%) was similar to that of between 
patient variation (CV 35%) suggesting that categorisation of the patients into vari-
ous groups of ovarian reserve on the basis of AFC may not be as reliable as previ-
ously thought.

�Anti-Müllerian Hormone

In the female, anti-Müllerian hormone (AMH), produced by granulosa cells of pre-
antral and early antral ovarian follicles, regulates oocyte recruitment and folliculo-
genesis [14]. It can assess ovarian reserve and guide gonadotropin stimulation in 
assisted reproduction technology [28]. AMH is also used as a granulosa cell tumor 
marker, a tool for evaluation of ovarian reserve after chemotherapy [29], and to 
predict age at menopause [30, 31].

AMH immunoassays, first developed by Hudson et al. [32] in 1990, were intro-
duced commercially by Diagnostic Systems Laboratories (DSL) and Immunotech 
(IOT). These assays were integrated into a second-generation AMH assay (Gen II) 
by Beckman-Coulter, but studies suggested that this assay exhibited clinically 
important, within-patient, sample variability [21, 27]. Beckman Coulter confirmed 
this with a field safety notice (FSN 20434-3) and withdrew the assay kits from use. 
Subsequently, third generation AMH assays were introduced which include: (1) 
modified method of Gen II ELISA by Beckman Coulter, (2) Pico AMH Ansh Labs, 
(3) Ultrasensitive Ansh Labs, (4) Automatic test by Roche ELECSYS and (5) auto-
mated verison of Beckman Coulter Gen II ELISA. Important to underline, all above 
AMH assay tests may share certain common properties due to the fact they most 
utilise same antibody and/or calibrated against each other. Therefore, they may have 
common strengths and, more worryingly, possibly same issues. Therefore, there is 
a clear need for an international reference standard for AMH and for robust inde-
pendent evaluation of commercial assays in routine clinical samples with well-
defined sample handling and processing protocols. Meanwhile, previous issues of 
sample instability and lack of reliable inter-assay comparability data should be 
taken into account in the interpretation of available research evidence and the appli-
cation of AMH measurement in clinical practice.

�Genetic Testing

As previously discussed both formation as well as decline of ovarian reserve is 
largely determined genetically and therefore extremes of poor ovarian reserve such 
as Premature Ovarian Insufficiency (POI) and Early menopause have genetic origin 
[33]. Premature ovarian insufficiency may present as a feature of certain genetic 
syndromes, such as galactosemia and blepharophimosis-ptosis-epicanthus pro-
duced by mutations in FOXL2 gene that can be diagnosed by their non-ovarian 
phenotype. However, chromosomal abnormalities, mosaic of sex chromosome 
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abnormalities, premutation alleles of FMR1 and other rare mutations are associated 
to primary premature ovarian failure without other phenotypic features [33]. When 
premature ovarian insufficiency is suspected, appropriate genetic testing, including 
a referral to a clinical geneticist is recommended.

Patients concerned about their risk of premature ovarian insufficiency, should be 
referred to genetic counselling. Pre-symptomatic or carrier genetic testing will 
depend on family history, patient’s medical history and their desire for genetic test-
ing. The most relevant investigations are karyotyping and allele size in FMR1 gene. 
Analysis of repeats in FMR1 gene is recommended as preconception or prenatal 
carrier screening in women with a family history of X-fragile, non-diagnosed men-
tal retardation, developmental delay, autism or ovarian insufficiency [34]. A screen-
ing of FMR1 in a large group (n = 2300) women found a frequency of 1.7% for 
premutation and 0.61% for full mutation in US [35]. These findings suggest that if 
women interested in preconceptional fragile X carrier screening, they should be 
offered the test irrespective of presence of any family history of the condition [34]. 
In addition, expanded carrier screening including analysis of frequent mutations in 
more than 100 genetics conditions can be considered in line with the recommenda-
tions of American Genetics as well as American Obstetrics and Fetal Medicine 
Societies [36] and supported by European Society of Human Genetics [37]. Thus, 
genetic testing in patients undergoing fertility preservation for ovarian ageing is 
determined by a family history of premature ovarian insufficiency, symptoms of 
genetic traits associated with premature loss of ovarian reserve and findings of 
assessment of ovarian reserve.

�Pre-treatment Counselling

Once full assessment has taken place, patient should have an opportunity to have 
individualized pre-treatment counselling. This should include discussion of clinical 
effectiveness, cost, limitations and logistics of oocyte preservation. Patients should 
be provided information leaflets which is written in plain language in the format 
accessible to patients.

Key Message 

	1.	 Given the clinical and laboratory advances, demand for oocyte cryopreservation 
for both medical and social reasons is on the rise in recent times.

	2.	 Counselling should be considered a key priority to enable women in making 
informed decisions regarding fertility preservation.

	3.	 Clinicians should be aware of the importance of detailed clinical assessment.
	4.	 Particular attention should be given to the assessment of the ovarian reserve.
	5.	 Knowledge of the biological, hormonal and ultrasound markers of ovarian 

reserve and their predictive ability is vital to the assessment and counselling of 
women undertaking fertility/oocyte cryopreservation.
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Chapter 5
Alternative Options for Preventive Oocyte 
Cryopreservation

Marja Visser

�Introduction

Since contraception became more accessible in the 1970s of the last century, women 
came in the position to postpone her first pregnancy [1]. Next to the accessibility to 
effective contraception, education of women, gender equity and partnership 
changes, but also economic uncertainty and the absence of supportive family poli-
cies delayed motherhood [2–4]. About 30 years ago women gave birth to their first 
child at the age of 24.1; nowadays this is at the age of 29.4 [5]. Women postpone 
their desire for a child due to lack of a partner or due to a career despite their wish, 
or they prioritize an independent life [4, 6]. To circumvent age-related fertility 
decline, women can opt for banking their oocytes. This gives them the possibility of 
potential shared parenthood in future, regardless the perceived health risks and psy-
chosocial implications [7]. Women who bank their oocytes to have more time to find 
the right partner decide a few years after the vitrification to choose for single moth-
erhood and donor sperm treatment (about 14%) [8]. When single women do not opt 
for banking their oocytes and/or they do not find a partner to start a family, women 
consider starting their own family without a partner. Most single women wish to 
have a nuclear family in future, but an increasingly amount of women seek for an 
unconventional family formation to become a mother, such as sperm donation, 
adoption or fostering [9]. Since a few decades there has been a significant rise of 
single women opting for donor sperm treatment [10–12].
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�Becoming a Mom with the Help of Donor Sperm

Becoming a mom can be such a strong desire that a lot of single women in their 30s 
do not want to wait any longer to find a partner for building their own family. They 
no longer want to postpone their wish to get pregnant and choose to be a single mom 
with the help of a sperm donor. They often believe that finding a partner will always 
be possible at an older age, but for getting pregnant this might be too late.

Many women who choose this option register at a fertility clinic. They opt for a 
sperm donor of a sperm bank and the help of medical professionals and some psy-
chosocial guidance in this process [13]. Other women who feel that it is important 
to know the donor/(donor)-father of their child, try to find a donor themselves and 
start with self-inseminations at home. Some of them ask a good friend being the 
(donor)-father, but others prefer someone from outside their inner circle such as a 
friend of someone with whom they are familiar. There are also women who seek a 
(donor)-father for co-parenting, as they find it important that their future child will 
have a father. These women choose for a homosexual man being the (donor)-father 
or a homosexual couple, as these men also may have a wish for building a family. 
Actually, these women and men seek a father or a mother for their future child.

Until 1985 sperm donors were anonymous and couples were advised to keep the 
sperm donation a secret to their child [14, 15]. Identifiable sperm donation came more 
into focus in addition to anonymous donation in those years. Several countries such as 
Sweden, the Netherlands, the United Kingdom, Switzerland, Germany, New Zealand 
and Australia have prohibited anonymity of sperm donors. These countries have 
developed specific laws to allow donor-conceived offspring to learn about the identity 
of their donors from adolescence. In Spain, Czech Republic and France sperm donors 
are obliged to be anonymous and in some countries such as Belgium and Denmark 
sperm donors both can be anonymous or identifiable. Women also have the possibility 
to buy donor sperm from a foreign sperm bank and either inseminates themselves or 
seek a fertility clinic or medical doctor to assist them with the inseminations.

The societal debate on the options of anonymity or identifiability had been polar-
ised between the “right to privacy” of the parent and the “right to know” of the donor-
conceived child. At the same time the debate on secrecy and disclosure to donor-children 
came more into focus. Opinions, policies and outcomes of research contributed to this 
debate. Gradually became clearer that when parents share donor conception with their 
child, they experience fewer emotional problems and have a more open communica-
tion with each other and their child [15–18]. Donor-children who have been studied 
find it important that their parents are honest about donor conception and wish to be 
informed about their genetic origins and about the identity of the donor [18–22].

�The Sperm Donor

When women are dependent on sperm from a donor of a sperm bank, they have 
clear wishes with respect to the donor [24]. Most women prefer to have a say in the 
selection of the sperm donor. At least they want to know his motivation, as knowing 
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his motivation gives women a closer idea of his personality. They also prefer a 
donor with a social personality, as they value this as important for the identity of 
their future child. Another feature that women appreciate is that the donor is intel-
ligent and that he has followed a higher education. Women also prefer that his 
appearance is similar to theirs, as they feel when a child is close to the mother, this 
is less difficult for the child. There are also women who do not wish to have a say in 
this selection for a donor, as this would give them a kind of responsibility they do 
not like.

Women who choose for an identifiable sperm donor assume that once their child 
wants to meet the donor. They want to enable this with their choice and also feel that 
they should facilitate the contact of the child with him at that time. A main concern 
regarding future contact with the donor is that the expectations of their child and the 
sperm donor will not be the same, and their child could be disappointed by that. 
Women also are thinking about issues as what could happen when that their child 
would fall in love with his half sibling and when the donor already has passed away 
when their child would like to meet the donor. They put effort in finding the right 
fertility clinic and think about choosing for an identifiable donor, for an anonymous 
donor or for a donor they can know themselves.

�Psychosocial Implications and Counselling

One of the reasons for women to choose for an anonymous sperm donor is that it 
will be easier for their future child not to face the choice whether to meet the donor 
or not from the age of 16 or 18 or to be disappointed about the donor. They wish to 
protect their child from harm. There are also women who choose for an identifiable 
donor, as they find it important that their future child has the possibility to have 
contact with the donor. These women feel that a child has the right to know the 
donor, and that this will be important for his/her identity (Dusseldorp et al., unpub-
lished data). These women also choose for sharing donor conception from an early 
age as they do not want to have a secret for their child. It is suggested that single 
women do not have the opportunity to keep donor conception a secret for their child. 
But when they feel ashamed towards people around them and/or guilty towards their 
child for withholding them a father, women may hesitate to share donor conception 
with their child and postpone disclosure [23].

Women appreciate the availability of specialist counselling to talk about the 
implications for themselves and for their child. Psychosocial counselling before 
donor sperm treatment is often part of the treatment procedure in fertility clinics. It 
offers women the opportunity to discuss their decision whether or not to start with 
donor sperm treatment and/or to discuss the implications of becoming a single mom 
by using donor sperm treatment. During the intake procedure they also can be 
informed about practice experiences and research outcomes. This can be informa-
tion about the influence on the wellbeing of children growing up without a father, 
about sharing with children about their genetic origins and how to talk about the 
donor. Women appreciate the opportunity of having contact with a specialist coun-
sellor if they need counselling in the future [23].

5  Alternative Options for Preventive Oocyte Cryopreservation
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Women often seek contact with other single women who want to get children 
alone, or feel that they would appreciate such contact in future. In some countries as 
the United Kingdom, Australia, Germany and the Netherlands women can follow 
workshops with other single women to give support in the decision making process 
becoming a single mom and/or preparing them for single motherhood with the help 
of a sperm donor [24].

�Preparing for Single Motherhood

Many single women attending to sperm donation are high-educated, older than 
women with a male partner when they want to get pregnant and they have a good 
financial positions and good social networks [17, 25]. These women have a wish to 
get children, but are ambivalent to choose for single motherhood as most of them 
prefer building a family with a partner they love [9]. They feel that single motherhood 
is not ‘natural’ and it is ‘Plan-B’ to get pregnant either with the help of a donor they 
know themselves, or with the help of an unknown donor of a sperm bank. Therefore, 
women take time to prepare for single motherhood. They think it over from at least 1 
year to a very long time before they make the decision (Dusseldorp et al., unpub-
lished data). They often discuss their thoughts and feelings extensively with family 
and friends and sometimes they discuss single motherhood with a psychologist or 
with their physician. Important factors in preparing for single motherhood are finan-
cial security, emotional stability and having a supportive social network [17, 25].

One of the most important concerns of many single women is the absence of a 
father for their future child. They feel this as a failure and women fear that not 
knowing who the father is would influence the identity of their future child [24]. 
Many women think about a male role model for their child to fill the gap of the miss-
ing father. Another concern is that not having a partner may lead to feelings of 
loneliness. They realize that they are the only ones who will be responsible for the 
child and that they will not be able to discuss doubts and sharing special moments 
of their child with a father.

In contrast with those concerns, women also expect benefits of being a single mom, 
as not having to take a partners’ opinion into account during the sperm donation process 
or during raising their future child. Another benefit is that they felt that a child would 
not experience any divorce of the parents, as in their opinion a divorce or separation 
would be more detrimental for a child than having a single mother from birth on [24].

�Single Motherhood and the Wellbeing of Children

High education and an older age of single mothers are suggested to be protective 
factors for stability. Studies on parental conflict in father-absent families—i.e. the 
father has been present in the past-reveal that parent-child conflicts in father-absent 
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families can be a strong influential factor on emotional distress of children con-
ceived after donor sperm treatment [25]. Although, negative outcomes in those stud-
ies cannot necessarily be generalized to single-mother families formed after donor 
sperm treatment [17, 26, 27]. A longitudinal study on children of single women 
confirms the theory that donor-children of single women are not compromised com-
paring to their peers of from father-mother families [28–30]. In those studies, no 
negative consequences for the parent-child relationship or psychological adjustment 
of children of single mothers were found.

Single women have high expectations regarding their own motherhood and their 
ability to provide a solid basis for a child, but they also have fear for possible con-
sequences. For both heterosexual and lesbian couples who use donor sperm to build 
a family, but also for single women it is of value to have access to trustful informa-
tion, to contact with (intended) single mothers to share experiences and learn from 
each other and to specialist professional counselling and guidance to gain support 
as much as possible.

�Alternative Options for Women to Get a Family  
without Own Gametes

When women do not opt for banking their oocytes and/or donor sperm treatment 
there are several other options to start a family.

Co-parenting without having a partner-relationship. As well as women and men, 
hetero- and homosexual seek to have a family and getting children together.

Adoption and fostering are possibilities open for single women. Since 2011 in 
the Netherlands 74 children were adopted by single women, ranging from 7 chil-
dren until 18 children per year. They adopted children from several continents, from 
China, the USA, Africa and European countries. In the Netherlands the selection 
rules are stricter than for couples and more women need psychosocial guidance for 
themselves or for their child [31].

Going without children is an option for women who do not want to have children 
without a partner-relationship and for women who do not have a wish to get chil-
dren at all.

Keynotes 

	1.	 There is an increasing rise of single women opting for donor sperm treatment the 
last decade.

	2.	 Single women who choose for donor sperm treatment made a step forward in 
becoming a single mom compared to single women who are banking their oocytes.

	3.	 One of the greatest concerns: the negative consequences for a child to grow up 
without a father.

	4.	 Specialist psychosocial guidance and trustful network organizations for fellow 
support should be available and further developed.

	5.	 Living without children can also be a thoughtful choice for single women.

5  Alternative Options for Preventive Oocyte Cryopreservation
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Chapter 6
The Profile of a Pioneer Cohort of Women 
Opting for Oocyte Cryopreservation for  
Non-medical Reasons

Julie Nekkebroeck

�Introduction

Since 2009 the Centre for Reproductive Medicine of the UZ Brussel offers the pos-
sibility to women in anticipation of gamete exhaustion (AGE) [1] to cryopreserve 
their oocytes. The onset took place in an era of societal and political debate (e.g. The 
Netherlands) and warnings by the main professional organizations in the area of 
reproductive medicine [2, 3] especially about the non-medical use of oocyte cryo-
preservation. For instance, the American Society of Reproductive Medicine [2] 
stated that oocyte cryopreservation is an “experimental procedure” that should not 
be offered or marketed as a means to defer reproductive aging. The British Fertility 
Society (BFS) agrees that oocyte cryopreservation should not be portrayed as a 
means to counteract age related fertility decline [3].

What was initially offered to women faced with illness or medical treatment 
resulting in infertility is nowadays a treatment that is (luckily) more often used for 
non-medical indications leading many ethicists in the area of reproduction to exam-
ine the benefits and pitfalls of this application. Objections formulated against AGE-
banking are that; the whole process of reproduction becomes medicalized and 
perhaps even commercialized undermining rather than expanding women’s repro-
ductive autonomy [4]. Moreover, healthy women have to undergo a stress-inducing 
high technological fertility treatment without having an actual fertility problem and 
little is known about the welfare of the children born after the use of cryopreserved 
oocytes. One also assumes that women will deliberately postpone motherhood until 
the time of their choosing, that women will give priority to their careers and that 
oocyte cryopreservation will offer a false sense of security that one is optimizing her 
chances of motherhood [4].
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In contrast, those in favour of AGE-banking for non-medical reasons stress the pos-
sible benefits for women and their right to ascertain reproductive autonomy after com-
prehensive counselling. More precisely, personal reproductive decisions should be 
free from interference unless they will cause serious harm to others. Another argument 
in favour of AGE-banking for non-medical reasons is that it alleviates gender inequal-
ity by allowing women to extend their reproductive years just as men are able to do 
already for many decades. As such, women should also gain access to this technology 
that will offer them this possibility to preserve their fertility [5]. Furthermore, this 
practice might be beneficial to the future child since it will be conceived when women 
feel ready, have a stable relationship and are financially secure but most importantly, 
the child will have a biological bond with his mother. Another advantage of oocyte 
cryopreservation instead of embryo cryopreservation is that it empowers women 
because it makes them less dependent of their partner and it allows her to have a child 
with a partner of her choosing [5].

Regardless of the societal and political debate oocyte cryopreservation seems only 
to elicit interest in a small niche of the female population. In a large survey (n > 1000), 
[6] only 3% of the women stated they were going to freeze oocytes. There was another 
28.5% who was interested and considered oocyte freezing. This added up to 31.5% 
‘potential freezers’. In another study [7] only 4% of the women who inquire by phone 
at the Extend Fertility centre, Boston, USA about the fertility preservation treatment go 
on to use the technique. Ter Keurst et al. [8] who investigated the intentions of childless 
women aged between 28 and 35 years to use fertility preservation stated that 85% had 
thought about fertility preservation but only 4.6% had actually made a decision about 
it. Authors conclude that in general women have a low intention to use fertility preser-
vation despite being childless, having a desire for a (genetically related) child, being in 
the age range when fertility starts to decline and having reasonable fertility knowledge. 
They relate these low intentions to three main issues; ‘lack of perceived susceptibility 
to infertility’ and ‘defining overly optimistic parenthood goals’ by giving themselves 
around 3 years to have two children (from 34.4 to 37.6 years). ‘Failure to consider the 
use of fertility preservation’ is the third issue. To explain this third factor they point to 
the work of Rogers [9] of 1962 about the diffusion of innovations. According to him 
the first stage of diffusion happens when individuals know about the technology but 
have not been inspired to get more precise information. So knowing that fertility pres-
ervation exists women tend not to find out more about it (e.g. take contact with a fertil-
ity centre). Another way to define this failure is the fact that women might rely on ART 
with fresh oocytes to overcome fertility problems. However, older women felt more 
susceptible to infertility and had higher intentions to use fertility preservation.

Besides the fact that only a small niche of the female population seems to be inter-
ested it is also striking that when women actually candidate to become an AGE banker 
they do this at a suboptimal age—in their late 30s—when oocyte reserve and quality 
strongly diminished and pregnancy rates drop significantly [10]. According to Ter 
Keurst et al. [8], the knowledge of the candidate AGE-banker on fertility issues is 
reasonable but may lack precision about fertility decline and the success of fertility 
preservation. Women might only feel susceptible to infertility at this age while not 
realising that at that time fertility preservation rates are not optimal which is reflected 
in the lack of a feasible parenthood plan. The main preventive measure these authors 
propose is for health care professionals and policy makers to increase fertility aware-
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ness and support women in creating a realistic plan to achieve parenthood goals via 
educational campaigns or family planning consultations. Mertes and Pennings [10] 
discern three different steps to make the current practice of oocyte cryopreservation 
more clinically and ethically sound: creating public awareness; offering individual-
ized, age-specific information and counselling; and offering predictive tests such as 
anti-Müllerian hormone measurements and antral follicle count. The main objective 
of these measures is to convince those women who are most likely to benefit from 
banking in AGE to present themselves before age 35 and to discourage fertility clinics 
from specifically targeting women who have already surpassed the age at which good 
results can be expected all this not to install false hope in reproductively older women.

Studies examining the actual AGE-banker and her motivation(s) to opt for this 
procedure could challenge the speculations and assumptions made about this specific 
population but are still scarce anno 2017. A study [11] reported on a small number of 
women (n = 20) wanting to cryopreserve their oocytes for non-medical reasons. These 
women were on average 38.6 years old and often they were single and had a high 
educational level. Wanting to take advantage of all possible reproductive opportunities 
feeling pressured by their biological clock and wanting an ‘insurance policy’ against 
future age-related infertility were the main reasons for opting for oocyte cryopreserva-
tion. The pivotal events to apply for the treatment were the recent awareness of the 
existence of the technique; their advanced reproductive age and not wanting to single 
parent a child. Another study [12] also reported on a small group of women (n = 23) 
who froze their oocytes. On average they were 36.7 years old, mostly university edu-
cated, 87% was single and 88% was prepared to donate there eggs for research or to 
women in need of donor eggs in case they would not use there eggs. Their motivation 
to cryopreserve oocytes was very similar to the motivations reported in the Gold-study 
but 1/5 also saw it as a preventive measure against age related fertility decline or other 
medical issues that would make them infertile (e.g. cancer treatment).

Hodes-Wertz [13] described the largest cohort of women post oocyte cryopreser-
vation. One hundred and eighty three patients out of 478 (38%) participated in a 
survey follow-study. At the time of oocyte cryopreservation more than 80% was aged 
35 years or older. Women were aware of the age related infertility and wished they 
had undergone the procedure at an earlier age. Unawareness of the technology and/
or readily availability followed by not being ready and not being concerned about 
their reproductive future or unable to afford it were the reasons they gave for not act-
ing sooner. They also felled that the popular media falsely portrayed the upper age 
limit for natural conception and 19% of the respondents added that workplace inflex-
ibility contributed to their reproductive dilemma. However, “having no partner at the 
time to conceive with” was the main reason to pursue oocyte cryopreservation.

�Counselling AGE-Bankers

In order to get acquainted with the candidates for AGE-banking (for non-medical 
reasons) these women were systematically counselled in accordance with the rec-
ommendations by the main professional bodies (ASRM and BFS and later ESHRE 
[14]). Counselling was performed by a gynaecologist and a psychologist in a 
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non-directive manner with respect for reproductive autonomy making sure that 
realistic expectations are being created and that well-informed decisions can be 
made about oocyte cryopreservation an whether to proceed with the treatment or 
not.

All candidates underwent a semi-structured interview performed by a psycholo-
gist in which the following topics were addressed: socio-demographics, mental 
health, relationships and child desire, discovery of the possibility to cryopreserve 
oocytes, initial motives to opt for this treatment and/or alternatives, openness about 
this project towards family, friends and the received support, the possible disadvan-
tages, risks and limitations of the treatment and the use of the cryopreserved 
oocytes.

A minor medical assessment was performed by a gynaecologist and blood sam-
ples were taken in order to evaluate hormone levels (FSH and AMH) and an antral 
follicle count was performed.

Between July 2009 and December 2012, 243 women contacted the Centre for 
Reproductive Medicine with the intention to freeze their oocytes. Not all of 
them had already made the decision to actually freeze oocytes and for many of 
them it was unsure whether it would medically/physically feasible and respon-
sible to perform this treatment because of their advanced reproductive age. 
About half of the women (n  =  124 or 51%) went through with the treatment 
although for four candidates (1.6%) oocyte pick-up had to be cancelled because 
of a low response.

One hundred and nineteen candidates (49%) did not start treatment; 21 candi-
dates were refused for treatment usually because they were over 40 years old, 14 
candidates hormones levels were unfavourable to start treatment, 20 candidates 
stated at the intake that they were still undecided whether they would start the treat-
ment, for 22 candidates it remained unclear why they did not take upon treatment 
and 33 (13.6%) candidates did not go through with the treatment for ‘other reasons’ 
(e.g. 4 became pregnant spontaneously, 9 found a partner, 9 made a switch to another 
treatment, 6 found it too expensive, 5 mentioned other reasons not to perform treat-
ment). On average these patients underwent 1.83 (±1.06) oocyte pick-ups and have 
15.96 (±9.8) oocytes in the freezer.

Counselling these women also allowed us to document on the profile of this 
population. Data are presented from women who did not only apply for treatment 
but who also actually went through with the treatment (n = 124).

�Socio-Demographics

Women were of an advanced reproductive age, on average 36.74 (±2.59) years old, 
highly educated (70.2% university degree, 28.2% degree) full time employed 
(79.8%) and mostly Dutch speaking (73.4%) according to their Dutch (57.3%) or 
Belgian (18.5%) nationality.
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�Mental Health and Relationships

Almost all women (97.6%) had had relationships in the past and at the time of the 
intake the majority (82.3%) was single. About 38.1% experienced a relationship 
break-up the past year and 16.1% women had one or more abortions in the past 
while none of the women already had a child. 20.2% did follow some form of 
therapy (psychotherapy or psychotropic medication or a combination) usually in the 
context of relational suffering e.g. to deal with a (recent) break-up, to reflect on why 
they had such a hard time finding the right partner.

�Desire for a Child Versus Desire for a Partner

At present, 19.5% of the women did not feel a very outspoken desire for a child, 
39.9% felt this desire only since a few years and 40.7% stated they always had pic-
tured themselves as future mothers. So, not surprisingly more than one third (42.7%) 
of the women felt at this moment in time a stronger desire for a partner than that they 
felt the need to fulfil their desire for a child (5.6%). However, for one-third (34.7%) 
both desires were strongly connected. The main explanatory factor as to why they 
did not have children yet was the fact they did not find the right partner yet to have 
children with (62.9%). Only 4% stated they gave full priority to their career, 5.6% 
was undecided about whether they wanted to have children or not, in other cases the 
(ex-) partner did not have a desire for a child (anymore) or a combination of the 
above factors were mentioned as the reason why they did not have children yet.

�Discovery of the Possibility and Motives 
to Cryopreserve Oocytes

One third of the women (36.6%) had discovered the possibility to freeze oocytes 
because the topic appeared in the media or by searching on the internet (11.4%). 
Age bankers started to network as well, through the internet but also in the waiting 
room of the fertility clinic and many of the women who candidate today for age 
banking know somebody who also had this treatment or is interested in having it. 
For 22% the possibility to cryopreserve oocytes was pointed out to them by friends, 
colleagues or relatives.

The main reasons to candidate for this treatment were: assurance against future 
age-related infertility (55.6%), buying more time to find that right partner (37.9%) 
and taking the pressure of the search for a suitable partner (29%). Another 28.2% of 
the women also saw the benefits of this treatment in the light of new or future relation-
ships. By cryopreserving their oocytes they stated they could give their relationships 
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more time to blossom before bringing up the subject of child-desire, hereby avoiding 
putting pressure on their partner and/or relationship. A less important reason to per-
form oocyte cryopreservation was the idea of having tried everything by taking 
advantage of all possible (reproductive) opportunities to preserve their fertility 
(26.6%).

�Alternatives

Before the possibility of oocyte cryopreservation was discovered; adoption or staying 
childless were considered as alternatives by respectively 16.9% and 10.5% of the 
women. Becoming a single mother with the use of either anonymous or known donor 
sperm was a more popular alternative, considered by approximately one third (33.1%) 
of the women but rather as a last resort at a very advanced reproductive age. Only 
1.6% would consider conception after a one-night stand and 4.8% stated they have no 
alternatives in mind if they could not freeze their oocytes. However, clearly for most 
women (84.7%) actively keep on searching for ‘mister right’ was the only valuable 
option in order to avoid single parenthood and the need for donor eggs at an older 
reproductive age. 65.3% also actively engaged in the search for a partner by visiting 
dating sites, consulting dating agencies and by addressing their social network 
(19.2%). 17.7% already has a relationship at the moment of intake (early or estab-
lished >6 months) while 16.9% is not actively engaging in finding a suitable partner.

�Attitudes and Concerns

None of the women who cryopreserved oocytes formulated any moral, religious or 
ethical objections about oocyte cryopreservation for non-medical reasons and the 
majority stated they had no problem with the fact they had to undergo a fertility 
treatment while being considered healthy and/or fertile and they accepted that at 
present little information is available on the well-being of the children born after 
oocyte cryopreservation.

�Disadvantages of the Oocyte Cryopreservation

The use of hormones (44.4%) and the financial costs (21%) were considered as the 
main disadvantages of the treatment. Less mentioned disadvantages were: the con-
cern that the treatment will be a physical or a psychological burden (8.1%), the fact 
that one has to undergo a fertility treatment (4%), the fact that the treatment does not 
offer any guarantees on childbearing (7.3%), the practical arrangements that need to 
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be made (16.9%) and some personal fears that had to be overcome before engaging 
in this treatment (e.g. fear of stigmatization, gynaecological examination, fear that 
their oocytes would be switched with those of other patients).

�Openness and Support from the Social Network

The overall majority of the women (98.4%) had shared their intentions to cryopre-
serve oocytes with at least one person in their entourage and none of them felt dis-
couraged to undergo this treatment. Reactions were positive (82%) or mixed (18%) 
as some people showed some concern about the fact that their daughter/relative/
friend was about to undergo a treatment. However, 22.6% did not tell their parents 
about their plans to cryopreserve their oocytes and in 13.7% of the cases the father 
was not informed. Because they did not want to worry them, they were undecided 
at intake about continuing this treatment or they wanted first to make sure they got 
the permission of the centre to freeze oocytes. In contrast, two patients stated they 
were embarrassed to tell their parents because they believed their parents would 
prefer them to have children the traditional way by first finding a suitable partner, 
getting married and have children the natural way. By cryopreserving their oocytes 
it felt as if they were failing in the eyes of their parents. About 8.1% stated they 
would have no support during treatment -amongst which a few women who actually 
preferred ‘to do this on their own’ (n = 6). All of the others stated they would get 
support from their entourage during treatment. With this support they meant they 
would find someone that would accompany them to the clinic (73.4%) the day of 
oocyte retrieval and 17.7%, will not only be accompanied to the clinic but will also 
get financial support. In case women have a partner, 77.2% tells the partner about 
the plans to undergo a treatment. In our sample 22 women had an ongoing relation-
ship and 17 partners knew about the plans of their partner.

�Treatment Aspects

76.6% stated they could afford different treatment cycles, which cost about 2500 
euro per cycle including medication, oocyte pick-up and 10 years of oocyte 
cryopreservation.

However, the other 23.4% stated it would not be possible to pay for a second 
treatment cycle. On average they wanted to repeat the treatment 1.83 times (±1.06) 
and the average age women thought of using their oocytes was 42.73 years with a 
SD of 2.51 years.

However, the actual decision to repeat the treatment would depend on how the 
first treatment was experienced and on the number of oocytes cryopreserved after 
the first treatment cycle.
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�Use of the Cryopreserved Oocytes

If they would find a suitable partner most of them would want to try to become 
pregnant spontaneously, than perform IVF with fresh collected material and in last 
instance, perform IVF with their cryopreserved oocytes (86.3%). 3.2% would 
because of their age at present immediately use the vitrified oocytes and 8.9% would 
first ask doctor’s advice before deciding what to do. If they would no longer need 
their oocytes 22% was unsure about their destination at the time of intake or 4.9% 
was sure that they would certainly not let them get destroyed, 33.3% would donate 
them for scientific research, 15.4% would let them get destroyed and 19.6% stated 
they would donate them anonymously or known to a woman with fertility 
problems.

�The Profile of the Pioneer Cohort of Women Opting 
for Oocyte Cryopreservation

When we summarize the results obtained from this group of women we may state 
that women who bank oocytes in anticipation of gamete exhaustion (AGE) are 
highly educated single women of an older reproductive age, struggling with rela-
tionships but having a strong desire for a partner that momentarily beats their desire 
for a child. They want to fond a family with this suitable partner and raise a child in 
the presence of a father. Although most women are highly educated and have a 
career only a very small percentage attributes the fact that they do not have children 
yet to the deliberate postponement of the realization of their desire for a child in 
function of a career. A recent break-up, advanced reproductive age, awareness of the 
possibility were the pivotal events to candidate for treatment. Well aware of the 
importance not to solely relay on this possibility to attain their reproductive goal, 
the majority of the women actively or more passively engaged in finding a suitable 
partner. By cryopreserving their oocytes they wanted to buy more time to find that 
partner, relieve the pressure of the search for a partner and take an insurance against 
future age-related infertility. In general women seemed to be well aware of the risks 
and limitations of the treatment but were not stressed out about them or did not feel 
discouraged. Most of the time able to afford different treatment cycles the financial 
cost was one of the main disadvantages of the treatment besides the need to use 
hormones. These financial and physical efforts they have to make might contribute 
to the fact that cryopreserved oocytes are considered as precious goods that will 
only be used in last instance, after having tried to become pregnant spontaneously 
and/or having performed a fresh IVF cycle. Moreover, these vitrified oocytes are 
also considered to be very personal goods. In case they do not need them, the major-
ity would prefer to donate them for scientific research or let them get destroyed 
rather than to donate them anonymously (or known) to women in need of donor 
eggs.
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�Discussion

The assessed cohort of women represents a very homogenous group possibly related 
to the descriptive nature of the study and to the pioneer population involved. The 
population of women opting the cryopreserve oocytes may become more diverse as 
the indication for oocyte cryopreservation would become more common. In the 
general population of women of a reproductive age, women were found to be con-
cerned about financial costs, health risks for themselves and a future child, the 
impact of hormones and success rates linked to oocyte cryopreservation making 
them more reluctant towards the possibility [15]. The actual age-banker in our 
cohort seems to be much less worried about those aspects and wants to grasp the 
opportunity to prevail (what is left of) her fertility. Possibly, only a very specific 
niche of the female population might benefit from this treatment and is interested in 
having it.

It is clear that the profile of these women needs to be considered preliminary and 
further follow-up is needed. This pioneer cohort of women seems to be functioning 
well on a cognitive level according to their educational levels and engagement in 
employment. Although all these women are highly educated and have a career, it is 
confirmed that women attribute their childlessness to ‘not having met a suitable 
partner’ rather than to ‘prioritisation of career achievements’. At the relational/emo-
tional level more instability and suffering is noticed. Starting a relationship is not a 
problem for this cohort, it is the long-term establishment that seems not to be evi-
dent; partners do not live up to their expectations, often it is stated that the partners 
in the past were “not ideal” to have a child with, regularly a discrepancy is men-
tioned in the desire for a child between them and the past or current partner and also 
a reproach of a lack of engagement of the (ex-) partner is frequently reported. 
Women often seek psychotherapy in order to address these relational issues.

The profile of the women in our cohort seems to be very similar to those described 
by other authors [11–13]. Unfortunately, the women in our cohort also cryopre-
served oocytes at a suboptimal reproductive age (mean 36.95 years). Concurrently, 
to offering women the possibility to cryopreserve oocytes, efforts to promote change 
in social and political structures in order to eliminate discriminatory features of 
society should be made. Mertes and Pennings [10] promote; creating public aware-
ness; having children at a younger reproductive age and offering individualized, 
age-specific information and counselling and predictive tests (anti-Müllerian hor-
mone measurements or antral follicle count) in order to help women to create real-
istic expectations and to make well-informed decisions. As a result from counselling, 
women may have a realistic view on the treatment aspects (pitfalls and limitation) 
however, they may (still) have unrealistic expectations about partners and relation-
ships. Wanting to cryopreserve oocytes in their late 30s, still hoping for prince 
charming to come along and only willing to accomplish the desire for a child with 
this “perfect” partner may not be very realistic. What are the chances of finding this 
partner in the coming 5 years when they have not met him over the past 20 years? 
For some women age banking at an older reproductive age also means they will be 
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flirting with the legal age limit in Belgium for embryo transfer, which is set at age 
47. The question remains how many women will be able to benefit from age bank-
ing and use it for what they intend to use it, namely, buying time to find the right 
partner and to fond a family. On the other hand, a significant amount of women—
usually the reproductively speaking, older women—in our cohort (aged 38, 39) also 
consider the possibility of becoming a single parent, hereby showing a more realis-
tic perspective on their reproductive options.

Continued follow-up of this cohort is necessary in order to have a better view on 
the trajectory of these women and to refine counselling at intake. More research 
exploring the personality features of these women is needed for a better understand-
ing of this population. Moreover, results need to be analysed in relation to the soci-
etal, financial, educational demands and changes in Western society, making it hard 
for women to achieve important life goals (establish a career, finding a partner, 
having children) within a short timeframe, between the age of 30 and 40 when fertil-
ity has already declined.

Key Points  Women who cryopreserve oocytes:
	1.	 Are often single and do not have children (yet) because they did not meet the 

right partner to have children with not because they prioritise their career 
achievements

	2.	 Have the desire to start a family rather than to single parent a child
	3.	 Function well professionally and are financially independent but experience 

more relational suffering
	4.	 Should be counselled prior to treatment preferably by a psychologist in a non-

directive manner with respect for reproductive autonomy and a gynaecologist 
who provides individualized, age-specific information, in order to make sure that 
realistic expectations are being created and that well-informed decisions can be 
made by the candidate about oocyte cryopreservation and whether to proceed 
with the treatment or not

	5.	 Do this at an advanced reproductive age when fertility has already declined and 
in a context of Western society where there is a limited timeframe to accomplish 
important life goals. The general population of women and potential age bankers 
in specific would benefit from campaigns creating more awareness on age related 
fertility decline and possible ways to counteract.
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Chapter 7
Ovarian Stimulation Prior to Elective Oocyte 
Cryopreservation

C. Iglesias and J.A. García-Velasco

�Introduction

The demand of fertility preservation with no urgent medical indication or for social 
reasons has increased in recent years.

The main reason is that society has changed the traditional time for pregnancy 
for professional, personal or social reasons. Women decide to postpone their first 
pregnancy to a different time than when the biological fertile period is optimal.

Socio-cultural changes, longer life expectancy and professional activity have led 
to preserve fertility to guarantee the possibility of future pregnancy [1].

Gynecologists should perform the primary prevention of ovarian aging during 
gynecological reviews by measuring the ovarian follicle reserve and offering the 
oocyte freezing possibility.

Vitrification is an efficient method to preserve oocytes by quickly lowering tem-
perature using liquid nitrogen (Chap. 8).

By this freezing method, cells are preserved and conserve the same characteris-
tics and quality they had upon freezing [2] (Fig. 7.1).

Fertility preservation providers should inform women about their specific prob-
abilities according to their age at vitrification, and emphasize the fact that egg freez-
ing does not guarantee success, but increases the possibilities of having a biological 
child in the future [3].

Ovarian stimulation protocols should be as convenient, short and sure as possible 
to ease the procedure.
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�Delaying the Desire of Pregnancy

Nowadays, more and more women contemplate the possibility of getting pregnant 
precisely when natural fertility is worse.

Various reasons justify society delaying the desire of pregnancy. In the last few 
years, economic problems have limited the possibility of emancipation and forming 
a family.

Women’s professional activity makes it more difficult to deal with family con-
ciliation issues and lack of time to attend its demands. Women in the western world 
are full-right city dwellers who adopt opposite attitudes to the traditional roles of 
domestic work and upbringing.

Longer life expectancy, facility of displacement, social activities and labor 
opportunities are other reasons to postpone first pregnancy [1].

This trend to leave first pregnancy until a later age and to a time when natural 
fertility is limited will diminish the possibility of getting pregnant.

�Effect of Biological Aging on Ovarian Preservation

As time passes, the number of antral follicles begins to lower. This rhythm of pro-
gression is variable according to hereditary genetic determinants and environmental 
factors, like tobacco or exposure to environmental toxins and/or previous radio- or 
chemotherapy.

Vitrified

MII oocytes no. %

MI oocytes no. %

GV oocytes no. %

Survival no. %

No. Of injected
oocytes

Normal
fertilization no. %
Abnoraml
fertilization no. %

Degenerated
oocytes no. %

7 (3.1%) 6 (2.7)

9 (4%) 12 (5.4)

171 (76.3) 180 (82.2)

219

-

224

224/231
(96.9)

15 (5.7) 14 (5.7)

19 (7.2) 11 (4.5)

219 (89.7) .363

.203

.974

.128

.469

.809

231 (87.2)

Fresh P value

Fig. 7.1  Oocyte distribution, survival and fertilization (modified from Cobo A et al. Clinical out-
come of oocyte vitrification. Fertil Steril. 2008)
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Initial publications by Menken, and more recently by Broekmans, have con-
firmed the progressive aging of ovarian reserve with time [4, 5] (Chap. 1).

This progressively slow deterioration begins at about the age of 30, and a more 
drastic quicker drop starts at around 35 years until ovarian reserve disappears in the 
first few years after reaching the age of 40.

This leads to higher oocyte aneuploidies, which reduce the quality of oocytes 
and, therefore, fertility.

Armstrong reported that advanced maternal age was related to meiotic incompe-
tence, which makes fertilization rates rise by inducing anomalies in different embry-
onic development stages to induce more miscarriages.

Age-related abnormalities of oocytes include:

	(a)	 meiotic incompetence or the inability to complete meiotic maturation, which 
results in oocytes being incapable of fertilization.

	(b)	 errors in meiosis, which can be compatible with fertilization, but lead to genetic 
abnormalities that compromise embryo viability.

	(c)	 cytoplasmic deficiencies, expressed in several development stages before or 
after fertilization [6]. Considering these effects of advanced age on oocyte qual-
ity, oocyte preservation should be performed as soon as possible to obtain more 
and better oocytes in women under the age of 35.

�Evolution of Stimulation Protocols

The first IVF baby was born in a natural in vitro fertilization cycle without ovarian 
stimulation.

IVF success rates in natural cycles are low due to the limited number of oocytes 
retrieved per cycle. However, recent studies have shown that IVF in either a natural 
cycle or modified natural cycle might be a promising low-risk and low-cost alterna-
tive to standard stimulated IVF treatment since the available dominant follicle of 
each cycle is used [7].

Considering this limitation, ovarian stimulation initially using urinary gonadotro-
pins significantly increases both the number of eggs retrieved and successful IVF rates.

In the natural cycle, follicular dominance is achieved by induced estradiol, which 
provides negative feedback to the pituitary gland which, in turn, lowers FSH levels.

In IVF stimulated cycles, addition of exogenous gonadotropins is used to achieve 
supra-threshold levels of gonadotropins in the follicular phase to induce multiple 
follicular recruitment.

However, various problems may occur in stimulated IVF cycles, like premature 
luteinization and failed synchronous follicular recruitment due to early dominant 
follicle selection, which implies lower success rates.

Another problem is spontaneous ovulation, which may occur at any time. So 
gonadotropin-releasing hormone agonists and antagonists (GnRHa and GnRHant) are 
used to induce pituitary desensitization in order to avoid spontaneous ovulation [8].
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Pituitary desensitization using either GnRH agonists or GnRH antagonists elimi-
nates possible interference by endogenous hormones, enables synchronous follicu-
lar development and prevents premature luteinization, which enhance the control 
oocyte retrieval of timing. Finally, the LH surge is substituted for exogenous hCG 
to induce oocyte retrieval [9].

�Ovarian Stimulation Protocols for Oocyte Preservation

Different protocols have been proposed to hyperstimulate ovaries. Some protocols 
utilize GnRH agonists, while others use antagonists to achieve pituitary 
desensitization.

Protocols also vary as to the gonadotropins uemployed for ovarian stimulation, 
and recombinant or highly purified follicular stimulating hormone (rFSH or 
HP-FSH) are employed.

Addition of GnRH agonists to the luteal phase of the previous cycle in long pro-
tocols and in the early follicular phase in short protocols results in an initial flare-up 
effect, followed by pituitary desensitization.

In contrast, the GnRH antagonists (single or multiple doses) given in the mid-
follicular phase, immediately prior to the rise in LH levels, results in rapid pituitary 
desensitization.

�Long Protocol

This protocol starts in the mid-luteal phase of the previous cycle with GnRH ago-
nists being administered daily for about 2 weeks or until down-regulation is 
completed.

Once down-regulation has been achieved, usually on the first days of menstrua-
tion, gonadotropins are administered subcutaneously to stimulate follicular growth 
with the GnRH agonist being continued at a lower dose.

The hMG/FSH dose is subsequently adjusted according to follicular growth, as 
monitored by serum E2 levels and transvaginal ultrasonography.

Human chorionic gonadotropin (hCG) is given once the follicular cohort consists of 
at least three follicles of over 18 mm in diameter to induce oocyte retrieval 36 h later.

This protocol provides excellent cycle control, but its longer treatment duration, 
higher gonadotropin consumption and more expensive cost are its main disadvantages.

There are different GnRH agonists, like buserelin, leuprorelin, nafarelin and 
triptorelin.

Nafarelin and buserelin can be administered as a nasal spray. They need to be 
given between twice and six times a day, and absorption fluctuates which results in 
an unpredictable response. However, buserelin, leuprorelin and triptorelin are 
administered as subcutaneous injections once a day.
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Wong et  al. published a meta-analyses of some trials by comparing different 
antagonist GnRH preparations. It found no difference in either pituitary suppression 
efficacy or IVF outcomes in terms of the number of oocytes collected and preg-
nancy rates. However, these authors reported that women treated with nafarelin 
required fewer ampoules of gonadotropins for ovarian stimulation, and fewer days 
of stimulation, compared to leuprorelin, triptorelin and buserelin.

The use of depot preparations of GnRH agonists has been associated with 
increased gonadotropin requirements and longer times for ovarian stimulation, even 
though IVF outcomes did not significantly differ [10].

�Short Protocol Using GnRH Agonist

In this protocol, GnRH agonist administration starts in the early follicular phase and 
gonadotropins start the next day. Monitoring, hCG injection timing and oocyte 
retrieval are the same as with the long protocol.

This protocol in normally used for low-responder patients, or for those who pre-
sented a previous poor response in the long protocol, to obtain benefits from the 
initial flare-up of endogenous FSH release from the pituitary gland, which is induced 
on the first days of GnRH agonist administration [11].

�Short Protocol Using GnRH Antagonist

GnRH antagonists are competitive inhibitors of endogenous GnRH given their 
receptor binding property, which rapidly inhibit gonadotropin secretion to reduce 
FSH and LH secretion within 8 h after administration, which is a potential advan-
tage over GnRH agonists.

In this stimulation protocol, gonadotropins are administered on day 2 of the cycle 
and GnRH-ant is added in the mid-follicular phase to prevent premature LH surge.

Two different molecules, cetrorelix and ganirelix, are available, prove equally 
efficacious and can be used in two different protocols, the single and multiple dose 
protocols.

The multiple-dose GnRH-ant protocol involves daily subcutaneous injections of 
0.25 mg of either cetrorelix or ganirelix from day 6 of stimulation (the fixed start) 
until the trigger administration of human chorionic gonadotropin (hCG) or the ago-
nist trigger.

The single-dose protocol involves a single subcutaneous injection of 3 mg of 
GnRH-ant on day 7 or 8 of stimulation, which provides 4  days of pituitary 
suppression.

If the patient needs more days of stimulation, a daily dose of 0.25 mg of GnRH-
ant injections is required until hCG trigger is performed. The monitoring, criteria 
for hCG administration and oocyte retrieval is similar to the agonist protocols.
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In the flexible start protocol, addition of GnRH-ant begins when the diameter of 
the leading follicle is 14 mm or more.

In the multiple-dose GnRH-ant protocol daily subcutaneous injections of 
0.25 mg of either cetrorelix or ganirelix are given until the trigger is performed.

However in the single-dose protocol, a single subcutaneous injection of 3 mg of 
GnRH-ant is injected when the diameter of the leading follicle is 14 mm or more to 
provide 4 days of pituitary suppression. If the patient needs more days of stimula-
tion, daily 0.25-mg GnRH-ant injections are required until the trigger is performed. 
The monitoring criteria for hCG administration and oocyte retrieval are similar to 
the agonist protocols [12].

�Fixed Versus flexible

Al-Inany et al. published a meta-analysis of randomized studies by comparing the 
fixed and flexible approaches. They concluded having found no statistically signifi-
cant difference in pregnancy rates, despite finding a trend of the fixed protocol 
obtaining a higher pregnancy rate. However, the amount of the recombinant FSH 
and antagonist used with the flexible protocol significantly reduces [13].

�Single Versus Multiple Dose GnRH Antagonist Protocol

The single dose GnRH antagonist protocol has the advantage of using fewer injec-
tions, with only 10% of cycles requiring additional daily doses of the GnRH 
antagonist.

The potential suppression of endogenous LH does not bring about any significant 
difference in pregnancy rates, as shown in a multicenter study that compared mul-
tiple and single dose protocols of cetrorelix [14].

Wilcox et al. published a prospective randomized trial, and found no significant 
difference in pregnancy rates between the ganirelix multiple dose and cetrorelix 
single dose protocols [15].

�Advantages of the Antagonist Protocol

The antagonist protocol offers several advantages over the long one, which confirms 
the elective protocol in fertility preservation ovarian stimulation cycles. The advan-
tages include: shorter treatment duration, fewer menopausal symptoms, less cyst 
formation due to the initial flare-up effect of GnRH, and fewer gonadotropin 
requirements.
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Stimpfel et  al. reported that the GnRH antagonist mild protocol of controlled 
ovarian stimulation could be the best method of choice in good prognosis patients 
due to significant differences in the average number of retrieved oocytes, immature 
oocytes, fertilized oocytes, embryos, transferred embryos, embryos frozen per 
cycle, and cycles with embryo freezing. However, this group did not identify any 
differences in live birth rates (LBR), miscarriages and ectopic pregnancies [12] 
(Figs. 7.2 and 7.3).

The most important advantage published in a Cochrane review is the significant 
reduction in the incidence of severe OHSS in antagonist cycles compared to agonist 
cycles (p = 0.01; OR = 0.60, 95%CI 0.40–0.88) [16].

Considering this information, in over-responders and polycystic ovarian syn-
drome patients, the GnRH-antagonist protocol lowered the incidence of OHSS in 
high responders.

The main advantage of this protocol is that the final oocyte maturation induced by 
the GnRH agonist can be used to prevent OHHS from developing [17] (Chap. 11).
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Frozen embryos
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5198 (50.7) 5968 (49.7)

5440 (53.1) 6235 (51.9)

1602 (15.6) 1687 (14.1)

10249 (9.4+-5) 12004 (10.8+-5.6) P=0.0001 (mild Vs
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P<0.0001(mild Vs ag)
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P<0.0001(antg Vs ag)
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865 (57.7)

240 (16)

1500(9+-5.2)

6.4+-1.8
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Fig. 7.2  The COH outcome in terms of oocytes and embryos (modified from Stimpfel M et al. 
Comparison of GnRH agonist, GnRH antagonist, and GnRH antagonist mild protocol of con-
trolled ovarian hyperstimulation in good prognosis patients. Int J Endocrinol. 2015)
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However, the antagonist cycle is less programmable than the agonist cycle, and 
such lack of flexibility poses a problem for some patients and IVF centers.

�How to Optimize Ovarian Response

A normal response to ovarian stimulation is expected in patients aged under 40 with 
regular menstrual cycles (21–35 days), and a normal basal FSH (below 10), or nor-
mal AMH levels (2 ng/mL). This patient profile can be stimulated using both proto-
cols to obtain similar results.

The response to stimulatory drugs in an IVF cycle depends on several factors: 
number of antral follicles, their sensitivity to FSH and bioavailability of FSH.

The expected response usually means the retrieval of 8–10 oocytes due to opti-
mal ovarian stimulation.

Failure to recruit an adequate number of follicles and to retrieve 4–5 mature 
oocytes is termed a poor response, while the recruitment of 20 follicles or more in 
high responders increases the risk of OHSS.

To optimize ovarian response, personalization of protocols and selecting optimal 
gonadotropin doses should be considered.

Mild
protocol

Antagonist
protocol

Agonist
protocol

Pregnancies

P. Per cycle %

P per ET 23.2%22.1

Miscarriages %

BQ preg

45.7 36.1 35.3

33.5 32

367 355

P=0.04 (mild Vs ang)
P=0.01(mid Vs ag)

P=0.02 (mild Vs antg)
P=0.01(mid Vs ag)

P=0.02 (mild Vs antg)

23.2 22.1 19.4

2 12 16

LBR per cycle % 31.3 25.3 25.3

LBR after FET 7 35 23

Cumulative LBR per
cycle %

35.6 28.5 27.3

41.6

69

P value<0.05

Fig. 7.3  The outcome of COH in terms of pregnancies, miscarriages and deliveries (modified from 
Stimpfel M et al. Comparison of GnRH agonist, GnRH antagonist, and GnRH antagonist mild 
protocol of controlled ovarian hyperstimulation in good prognosis patients. Int J Endocrinol. 2015)
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The antagonist protocol should be offered to reduce the risk of ovarian hyper-
stimulation ovarian syndrome in patients with high ovarian reserves, like polycystic 
ovarian syndrome.

The flare-up protocol offers better success rates in women with low ovarian 
reserve as the long protocol leads to poor results in patients with poor ovarian 
reserve due to profound pituitary suppression.

Some models have been proposed to determine an optimal stimulation dose. Yet 
it is still difficult to obtain the desired response as ovarian response is affected by 
other factors that are yet to be determined [18].

�Gonadotropin Dose Selection

Estimating the correct starting dose is extremely important to obtain optimal results.
A gonadotropin dose for standard patients varies between 100 and 250 IU/day.
However, ovarian response variability to the same gonadotropin is influenced by 

several factors that affect the response to controlled ovarian hyperstimulation, such 
as: patient’s age, body mass index, smoking status, background of endometriosis, 
antral follicle count (AFC), ovarian volume, stromal blood flow, as well as endo-
crine parameters like basal FSH levels, inhibin B and Anti-Müllerian hormone 
serum levels.

The CONSORT study reported that the use of fixed dose regimens calculated by 
computerized dosing algorithms based on basal FSH, BMI, age and AFC resulted in 
adequate oocyte yield and good pregnancy rates (an overall of 34.2%) [19].

There are three gonadotropin dose regimes for ovarian stimulation:

–– In the fixed dose regime, gonadotropin dose is kept constant throughout 
stimulation.

–– In the step-down regime, a high starting dose of gonadotropins (300–450 IU) is 
used for the first 2 days, followed by a reduced dose (150–225 IU/day).

–– This enables supra-physiological levels of gonadotropins to increase follicular 
recruitment in the early follicular phase and seems to result in greater follicle 
synchrony.

–– In the step-up regime, the starting gonadotropin dose is low and is increased on 
cycle day 5, or later, depending on the response.

A variety of controlled ovarian stimulation protocols has been adopted with 
mixed success rates, but no single approach is appropriate for all patients in a given 
population. Treatment protocols should be adapted for individual patients to obtain 
as many oocytes as ovaries can produce. The more oocytes fertilized, the better 
chances of pregnancy patients will have (Fig. 7.4) [8].
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�Ovarian Stimulation Cycle Control

Starting with spontaneous or induced menstruation, with previous birth control pill 
administration, an ultrasound scan should be done to confirm that both ovaries are 
inactive. Comparable outcomes can be obtained using an oral contraceptive pill that 
contains 0.030 mg of ethinyl estradiol and 0.15 mg of desogestrel to schedule the 
patients who undergo the antagonist protocol [20] (Fig. 7.5).

The ovarian stimulation period is variable with an average from 9 to 12 days of 
gonadotropin self-administration. Cycle monitoring is an essential part of any IVF 
protocol as it can indicate over- or under-response, which enables dose adjustments 
to optimize responses. This control is done by performing ultrasound scans every 
2–3 days and measuring serum estradiol levels during stimulation.

One of the main aims of cycle monitoring is to prevent the ovarian over-response 
recognized during cycle monitoring. If the risk of OHSS seems very high, the final 
trigger is performed by an agonist trigger, and it also allows the next menstruation 
to start sooner due to the lutheolisis effect [21].

However, Kwan reported no significant difference in pregnancy rates and live 
births in the cycles monitored using ultrasound and serum estradiol, nor in those 
monitored by ultrasound alone [22].

The first monitoring visit is usually made on day 5 or 6 of stimulation when an 
ultrasound scan is done.
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Fig. 7.4  (taken from Bosch E, Ezcurra D. Individualised controlled ovarian stimulation (iCOS): 
maximising success rates for assisted reproductive technology patients. Reprod Biol Endocrinol. 
2011 Jun)
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The next scan control depends on ovarian response and is usually performed on 
day 8 or 9 of stimulation until follicles of 17 mm of diameter are measured and the 
final trigger is performed.

�Random Start

Random start development in IVF cycles has taken huge strides to enable patients 
to vitrify oocytes when not much useful time is left.

In random-start protocols, the number of total and mature oocytes retrieved, 
oocyte maturity rate, mature oocyte yield and fertilization rates are similar to those 
in conventional (early follicular phase start) protocols.

When considering this approach, the random ovarian stimulation provides a 
main advantage as it shortens the total time for oocyte pick up, and ovarian stimula-
tion in emergent settings can be started on a random cycle date for fertility preserva-
tion purposes without compromising oocyte yield and maturity [23].

�Social Freezing Protocol at IVI Centers

The main stimulation protocol for social freezing that IVI centers use is the antago-
nist one with an agonist trigger.

OCP, n (%)

BQ PR

CPR

OPR

Multiple PR

IR

Miscarriage rate

LBR 51/115 (44.3) 53/113 (47)

5/56 (8.9) 11/64 (17)

80/204 (39.2) .2675/207 (36.3)

15/56 (26.7)

55/115 (47.8) 61/113 (53.9)

18/64 (28.1)

56/115 (48.7) 64/113 (56.6)

67/113 (59.3) .17

.12

.18

.43

.09

.35

61/115 (53)

No OCP,n (%) P value

Fig. 7.5  Cycle outcome (modified from García-Velasco et al. Cycle scheduling with OCPs. Fertil 
Steril. 2011)
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This approach offers different advantages: fewer days of stimulation, patients do 
not need as many injections, and we can induce ovulation using a GnRHs agonist if 
a hyper-response of ovaries occurs. Finally, we can start a new stimulation sooner if 
the lutheal phase is shorter, if necessary.

We also consider administering long-acting FSH gonadotropins to avoid the 
daily pain of injections and to make stimulation easer for patients [24].

�Considerations Before Treatment

It is important to inform patients properly about the procedure, and patients must 
deliver a signed informed consent with an explanation of the procedure, its risks and 
its success rates.

Patients should know that not all the antral follicles observed in the basal 
ultrasound scan will develop uniformly, not all follicles longer than 17 mm will 
have oocytes inside, and not all them will become mature oocytes that can be 
frozen.

Further relevant information that patients must receive is that the thawing rates 
of oocytes are higher than 90%, but they will depend on the patient’s age and pres-
ence of some competing pathology that determines the quantity and quality of 
oocytes, such as the endometriosis, polycystic ovarian syndrome or previous ovar-
ian surgery.

Patients should receive information about their chances of pregnancy depending 
on maternal age. Due to worse oocyte quality and a larger number of aneuploidies 
in patients older than 38, genetic preimplantation screening should be offered to 
select the euploid embryos to be transferred.

The aneuploid rate in patients aged between 38 and 42 years is 82–92%. The best 
practice in these patients is to reject aneuploid embryos and to select those with 
implantation possibilities.

Patients also should be informed about the commonest side effects during the 
procedure, like discomfort of injections in the place they are administered, morning 
sickness, headache and mood changes, the risks of anesthesia, injuries to pelvic 
organs, vaginal hemorrhage and post-surgery pain. These side effects are usually 
very mild and will have no long-term effects, regardless of the number of ovarian 
stimulation cycles [25].

One well-known complication is the risk of developing ovarian hyperstimulation 
syndrome. However, antagonists of GnRH stimulation protocols and the final trig-
ger with GnRH agonist avoid this complication [2].

Patients should know that after oocyte pick up, menstruation will begin after 5–7 
days. At this time, performing a scan of ovaries is recommended to determine their 
post-surgery status. If the number of retreived mature oocytes is lower than expected, 
a new ovarian stimulation can commence.
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Key Messages
	1.	 The election of the ovarian stimulation protocol as well as the gonadotropin 

doses based on AMH, BMI, age and AFC are crucial to optimize the ovarian 
response.

	2.	 GnRH agonists or antagonists minimizes possible interferences by endogenous 
hormones, enables synchronous follicular development and prevents premature 
luteinization, which enhance the timing for oocyte retrieval.

	3.	 The advantages of the antagonist protocol include shorter treatment duration and 
fewer gonadotropin requirements, fewer menopausal symptoms, lower cysts for-
mation, and lower incidence of ovarian hyperstimulation syndrome.

	4.	 Random start ovarian stimulation provides as main advantage the shortening of 
the interval from cycle initiation to oocyte pick up without compromising oocyte 
yield and maturity.

	5.	 Long-acting FSH gonadotropins could be considered particularly in these 
patients to reduce the number of injections and to make stimulation protocols 
more convenient.
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Chapter 8
Oocyte Cryopreservation Technique

Neelke De Munck, Gábor Vajta, and Laura Rienzi

�Introduction

Cryopreservation of human oocytes can be performed by both slow freezing and 
vitrification. In 1986, the first report of a pregnancy from frozen-thawed oocytes 
was obtained [1]. Since this report, many efforts were made to improve the effi-
ciency of the cryopreservation protocols, both for slow-freezing and vitrification. It 
was more than one decade later that a live birth was described after oocyte vitrifica-
tion [2] and it was only in 2005 that a highly efficient and reproducible vitrification 
protocol for human oocytes was obtained [3]. Both methods are currently still 
applied although the results obtained with vitrification appear to be superior to the 
ones obtained with slow-freezing [4].

�Indications for Oocyte Cryopreservation

Tremendous increases obtained regarding oocyte survival and clinical pregnancy 
rates during the last decade led to a widespread application of this technique for 
many indications. While in the beginning this technique was mainly used in oocyte 
donation programmes—eliminating the problem of donor-recipient synchronization 
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and allowing an efficient distribution of oocytes among different recipients—its use 
could also be beneficial in medical and non-medical fertility preservation 
programmes.

Women diagnosed with malignant diseases have the opportunity to vitrify 
oocytes before their gonadotoxic treatment. Depending on how fast the treatment 
should start and on the hormone receptivity of the tumor, fertility preservation for 
these patients may be obtained by vitrifying mature oocytes after controlled ovarian 
stimulation (COS), after in vitro maturation (IVM), or after ex vivo IVM. In the lat-
ter technique, very often used in prepubertal children in combination with ovarian 
tissue cryopreservation, IVM is performed on immature oocytes retrieved from the 
extracorporeal ovarian tissue after ovariectomy. Patients with some non-oncological 
medical conditions including genetic predisposition for premature ovarian failure or 
endometriosis could also benefit from oocyte vitrification. Finally, women postpon-
ing childbirth because of personal ambitions or lack of a partner have the opportu-
nity to vitrify oocytes at a younger age and use them later on if they are confronted 
with age-related fertility loss.

�The Oocyte

By the time the oocyte ovulates, some major oocyte maturation processes have 
taken place; these include both nuclear and cytoplasmic maturation during which 
the oocyte grows in size [5]. Nuclear maturation involves completion of the first 
meiotic division leading to extrusion of the first polar body and initiation of the 
second meiotic division with an arrest in metaphase II stage of meiosis [6]. 
Cytoplasmic maturation is indispensable to acquire an oocyte with a high develop-
mental potency; it includes proper spatial and temporal reorganization and redistri-
bution of the cytoplasmic organelles (mitochondria (M), Golgi apparatus, smooth 
endoplasmic reticulum (SER) and cortical granules) and the cytoskeleton.

Since the oocyte has a specific nuclear and cytoplasmic arrangement, important 
to achieve fertilization and adequate development, the structural and functional 
integrity should be maintained during vitrification. However, by exposing the 
oocyte to the highly concentrated cryoprotective additives (CPAs; often men-
tioned also as cryoprotectants) some physical and chemical parameters, e.g. 
osmotic pressure, pH, ionic intracellular content) fluctuate over a wide non-phys-
iological range which may impact structural and genomic integrity [7]. Besides, 
this exposure also leads to osmotic stress and the repeated volumetric changes 
may result in a significant loss of functional integrity and even cell death [8]. In 
order to maintain this integrity during vitrification, a perfect interplay should be 
applied between (1) cooling and warming rate, (2) CPA choice and their concen-
tration and working temperature, (3) the device and the minimal volume that they 
allow to load.
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This interplay should also take into account the biological variability between 
oocytes. Different oocytes, even from the same patient, may react differently 
upon exposure to hyperosmotic solutions. These differences in permeability and 
inactive volume have been attributed to inherent biological variability [9, 10]. 
Besides this, the use of different stimulation protocols in assisted reproductive 
technology (ART) may influence the biological variability even more. The high 
variations in membrane permeability between oocytes make it hard to establish a 
fixed highly reproducible cryopreservation protocol. Even if a theoretical model 
would be established using the mean permeability coefficients, it would be sub-
optimal for a number of oocytes. Therefore, a more robust protocol, eliminating 
the effects of the biological variability may deviate from the theoretical optimal 
protocol.

�Ultrastructure

Since the oocyte is the starting point of a new life, the oocyte vitrification proce-
dure should not induce ultrastructural changes that may affect further developmen-
tal competence nor health of the liveborn. While immediate survival can be 
observed by light microscopy, this will not show the ultrastructural changes of the 
spindle or the cytoplasmic organelles. The spindle is mainly analyzed by confocal 
microscopy or by Polscope analysis before and after warming. Polscope analysis 
showed a high spindle re-appearance, both after open or closed oocyte vitrification 
while confocal microscopy showed comparable results to fresh oocytes [11, 12] or 
a compromised chromosome alignment [13]. The following differences are 
observed when fresh and vitrified oocytes are compared by electron microscopy: a 
slightly higher vacuolization, smaller M-SER complexes, a decrease or abnormal-
ity in the microvillar structure and a decrease in the amount and density of the 
cortical granules [14–17]. When these features are compared between open or 
closed vitrification devices, the ultrastructure is better preserved in open devices 
[18]. Besides this, a reduced ATP production in open devices [19] and losses and 
alterations in the mRNA content in open and closed devices have been observed 
[20, 21].

These subtle differences between fresh and vitrified oocytes may have conse-
quences for further development. Displacement of the spindle (Fig. 8.1) may result 
in the potential disturbance in alignment of chromosomes and ultimately aneuploidy 
[22]. Abnormalities in the mitochondria or M-SER complexes (Fig.  8.2) lead to 
reduced fertilization potential due to disturbances in Ca2+ homeostasis. The increased 
number of vacuoles (Fig. 8.3) is thought to be responsible for an inward organelle 
displacement which might have further negative developmental consequences [23]. 
Finally, the reduction in cortical granules, probably due to the premature release of 
their content leading to zona hardening, together with the altered microvillar 
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structure leads to an ineffective oocyte-spermatozoon fusion. These differences 
between fresh and vitrified oocytes and their impact on further development have 
not only been described in human oocytes, but also in other species [24–26].

Knowing the high successes obtained to date, it is clear that the oocyte tolerates 
some of the ultrastructural changes induced by the vitrification procedure. However, 
due to the small number of studies comparing open and closed devices, it is still 
unclear whether the increased ultrastructural changes observed in closed devices 
also have a more pronounced effect on the developmental competence and clinical 
outcomes.

Fig. 8.1  MII human oocyte showing meiotic spindle displacement after warming

Fig. 8.2  MII human oocyte displaying M-SER complexes
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�Biophysical Properties

To be able to understand the volumetric changes of an oocyte upon exposure to one 
or more CPAs at different temperatures, several biophysical properties should be 
taken into account [27]. The practical use, however, should also take into account 
other parameters like the biological variability between oocytes and the CPA 
toxicity.

The hydraulic conductivity (Lp) or the permeability of the oocyte to water is the 
flow of water across each unit of the cell surface as a function of time. When an 
oocyte is exposed to an extracellular hypertonic solution, the initial response will be 
a relatively fast shrinkage because water leaves the cell. This initial volume reduc-
tion in a short time period will mainly determine Lp [28] and depends on the type 
and the concentration of the CPA and the exposure temperature. This volume reduc-
tion is followed by a gradual entering of the CPA in the oocyte to return to a volume 
slightly greater than the initial isotonic volume. This re-expansion determines the 
solute permeability (LCPA) or the permeability of the oocyte to CPAs. CPAs with a 
high permeability will be loaded in the cell more quickly. Therefore the total vol-
ume excursion experienced by the cell will be reduced. A higher exposure tempera-
ture leads to a less extensive shrinkage/swelling response and reduces consequently 
the osmotic stress. This higher temperature will unfortunately also increase the 
unbeneficial effects of CPAs’ toxicity [10].

The activation energy (EA) or the temperature dependence of Lp and LCPA [29] 
gives the minimal amount of energy that is needed to transport water or other mol-
ecules through the cell membrane. The lower the activation energy, the faster the 

Fig. 8.3  Increased vacuolization in vitrified/warmed oocyte
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molecules move across the cell membrane. By plotting the values for the hydraulic 
and solute permeability (Y-axis) at the different temperatures (X-axis), the activa-
tion energy (EA) is indicated by the slope: EA = −R*slope; R = gas constant.

The inactive volume (Vb) or the part of the oocyte’s volume that is osmotically 
inactive is defined by exposing the oocyte to a non-permeating hyperosmotic solu-
tion. For mature human oocytes this is around 20% of the iso-osmotic volume [30].

The surface-to-volume ratio of the oocyte: since the spherical human oocyte has 
a large diameter, the surface-to-volume ratio is very low. This makes oocytes less 
efficient in losing water and taking up CPAs. Therefore, oocytes are more suscep-
tible to cryodamage if the exposure to CPAs is not long enough. It is, together with 
the osmotic inactive volume, an important factor related to the formation of lethal 
intracellular ice during freezing [31].

The importance of these properties can be summarized as follows: (1) the oocyte 
has a different membrane permeability for water and individual CPAs which is 
highly temperature dependent, (2) oocytes cannot shrink to less than 20% of their 
original volume, (3) oocytes need a long exposure time to CPAs because of their big 
spherical shape and (4) oocytes will not re-expand to their original volume if they 
are exposed to partially permeable CPAs.

�Vitrification

�Principles

The cryobiological definition of vitrification is ice-free amorphous solidification of 
both intra- and extracellular solutions at subzero temperatures [32]. It can also be 
regarded as an extremely increased viscosity of these solutions [33]. To induce this 
phenomenon, special circumstances are required, such as increased cooling rates, 
and high concentrations of CPAs. However, neither rapid cooling, nor CPAs are 
indispensable factors: pure water can also be vitrified when extremely rapid cooling 
rates are applied and vitrification also occurs at low cooling rates when highly con-
centrated CPAs are used. On the other hand, extremely high cooling rates are diffi-
cult to obtain under average embryology laboratory circumstances; and the toxic 
and osmotic effect of highly concentrated CPAs required for vitrification at slow 
cooling rates may be detrimental to the biological sample [34]. Accordingly a deli-
cate balance between these two factors is used in current vitrification protocols.

It should also be noted that approaches to prevent ice-crystal induced damage are 
very similar in both traditional slow-rate freezing and vitrification. Both processes 
are based on a stepwise increase of permeable and non-permeable CPAs to induce 
dehydration and a high intra- and pericellular permeable CPA concentration. During 
slow-rate freezing, this increase is obtained by applying a controlled slow cooling 
rate, leading to the formation of extracellular ice that will further dehydrate the cell. 
When the cell is dehydrated before the temperature of intracellular ice formation is 
reached, an ice-free solidification in and around the sample occurs. On the other 
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hand, in most vitrification protocols, samples are exposed to increasing CPA solu-
tions at room temperature or at the body temperature of the mammalian species. 
When samples are subsequently cooled rapidly, the whole solution will solidify 
without ice formation [35].

Theoretically, both processes can be successful. In practice—and in spite of the 
low level of standardization and lack of automation that may cause considerable 
inter-operator variability—vitrification seems to result in more consistent and 
higher survival and subsequent developmental rates [4]. Also, vitrification is the 
approach used in most human IVF laboratories for oocyte cryopreservation. 
Accordingly, the rest of this chapter will focus on vitrification.

�Exposure to CPAs

The role of CPAs is crucial in cryopreservation of mammalian cells and tissues 
since their major function is to guard cells from cryodamage. Dozens of materials 
were tested, but only a handful was selected, mostly empirically, some of them 
entirely by chance. CPAs are commonly divided into two categories, permeable and 
non-permeable ones.

Theoretically, the role of permeable CPAs is to enter cells and replace a consider-
able amount of the intracellular water. This simple exchange may decrease the 
amount of ice formed; an additional effect of these materials is a more complex 
molecular mechanism that may vary between various CPAs. The final intracellular 
concentration of permeable CPAs may be rather high, therefore the level of toxicity 
is an important factor when selecting the right material. It should be noted, however, 
that the mechanism and tolerance level of toxic effect for cells, including oocytes 
and embryos, may be different of those for complex organs. Isolated cells may sur-
vive with an order of magnitude higher concentrations of permeable CPAs than 
living mammalian organisms.

Permeable CPAs commonly used for vitrification—selected purely on an empiri-
cal basis, −are organic solvents including ethylene glycol (EG), dimethyl sulphox-
ide (DMSO) and propylene glycol (PG). Since they are characterized by a low 
molecular weight, these molecules easily penetrate cell membranes. Glycerol, that 
has resulted in an unexpected breakthrough in sperm cryopreservation in the early 
50s was found suboptimal for vitrification. EG, a major component of car coolants 
was a logical choice and its applicability is widely accepted in embryology (in sharp 
contrast with its potentially fatal nephrotoxicity). On the other hand, there is an 
ethernal debate between reproductive cryobiologist between DMSO and PG. Some 
companies advertise their DMSO-free CPA solutions as “non-toxic”, although this 
statement is rather controversial; PG, that is used for replacement may have higher 
toxic and mutagenic effect than DMSO itself (reviewed in [36]).

In fact, except for a very early experiment, no late (in vivo) pathological conse-
quences of CPA exposure during vitrification were detected, and today’s commonly 
used techniques have successfully decreased the required concentration and use two 
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permeable CPAs instead of one to minimize the specific toxic effect of both of them. 
Accordingly the main point of selection is the efficiency and not the imaginary tox-
icity. The majority of published works describing high survival and subsequent in 
vitro—in vivo developmental rates use 50–50% combination of EG and DMSO as 
permeable CPAs, respectively.

For non-permeable CPAs, their role is to provide a relatively neutral osmotic 
pressure to expell intracellular water to close of the maximum tolerable level. 
Different forms of sugars were tested. In early vitrification protocols, Ficoll was a 
common component, later on replaced by the common sugar, sucrose (saccharose) 
or trehalose. Although several publications suggest the use of trehalose, no conclu-
sive evidence supports its superiority, and sucrose has remained the most common 
component of CPA solutions [35].

Although rarely discussed, the role of basic (holding) media cannot be neglected, 
either. Successful vitrification can be performed by using the simplest buffers 
including PBS, but more complex media may provide more consistent outcomes. 
According to our experience TCM-199, one of the most complex media (that has 
been replaced decades ago by simpler and more appropriate solutions for embryo 
culture) is uniquely suitable for vitrification purposes. The Hepes-buffered ver-
sion—in contrast to other buffers—was also found to be more stabile during storage 
at 4  °C, minimising one factor that may lead to inconsistent outcomes. 
Supplementation of basic media with biopolymers also seems to be beneficial for 
survival of cryodamage. The most complex blood serum was a previously indis-
pensable component of vitrification solutions in rather high concentrations. Due to 
legal restrictions motivated by potential disease transmission and toxicity issues, it 
has been subsequently replaced with human serum albumin or—preferably—prepa-
rations containing both albumin and globulin. Recently, a semisynthetic water solu-
ble polymer hydroxypropil cellulose was suggested to replace blood proteins to 
further minimize inconsistencies [37], but the conclusive evidence of its superiority 
is still missing. All these biopolymers may have stabilizing effects on cellular mem-
branes, although the exact mechanism still requires further clarification. It should 
also be noted that addition of antifreeze proteins, that are part of the surviving strat-
egy of some vertebrates on cold climates, did not fulfill the—otherwise quite 
resonable—expectations.

Addition of CPAs is usually a stepwise process, with minimum two steps 
involved (Fig. 8.4). The two steps have two different functions in the protection 
strategy, even if these differences are slightly overlapping and not realized by most 
operators. The first step includes equilibration with a relatively low concentration of 
permeable CPAs (usually half of the final amount), and without addition of non-
permeable ones. The relatively short (around 3 min) equilibration phase applied in 
earlier methods was replaced with rather long (10–21 min) equilibration improving 
considerably the outcome [38]. For large and osmotically sensitive biological sam-
ples including human oocytes, the initial phase of exposition is further distributed to 
several steps, resulting in a semilinear increase of CPAs. Oocytes are supposed to 
regain their original shape after each phase; in fact—as the rate of equilibration may 
depend on the individual physico-chemical characteristics of oocytes—the full 
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length of the process should be adjusted to the microscopic picture [3]. The recov-
ery of the intracellular volume means that an approximate equilibrium of CPAs and 
water was achieved between the intra- and extracellular space, respectively. 
However, this concentration of CPAs is insufficient to protect extra- and intracellu-
lar solutions from ice formation. It is only the second step, the exposition of the 
concentrated CPA solution that will ensure conditions required for ice-free solidifi-
cation. In this step, ocytes/embryos are exposed to highly concentrated permeable 
CPAs (15–16% v/v) and approx. 1 M sucrose. This exposition has to be rapid (usu-
ally less than 1 min), and aggressive, with vigorous mixing and pipetting. During 
this short period, only a small amount of permeable CPAs enters the cytoplasm, the 
rest just contributes in the strong osmotic pressure established together with the 
high sucrose concentration. As the result of this joint effect, the ball turns into a disc 
or even more frequently half of it folds into the other half, and the maximum toler-
able amount of water leaves the cell. This is the moment when a rapid cooling is 
required.

�Cooling and Warming Rates

According to the empirically established parameters, safe cooling and warming 
rates for embryological samples should be above 20,000 °C/min for vitrification and 
warming [39]. Although some publications suggest that lower cooling rates do not 
compromise efficiency, the experimental basis of these attempts has been estab-
lished in mouse oocytes that are rather tolerant to cryodamage(s), and developmen-
tal competence was not investigated [40–42]. A few recent papers dealing with 
human oocyte vitrification also argue that cooling rates are less critical [43–45]. 
However, according to the experience of authors of this paper—and probably thou-
sands of laboratories worldwide—decreased cooling rates may lead to decreased 
consistency and compromised outcomes.

Submerging samples in liquid nitrogen is the standard and relatively easily avail-
able approach for cooling and storage to/at low temperatures. Liquefied forms of 

Equilibration Step Vitrification Step
Cryoprotectant concentration

Fig. 8.4  Human oocyte vitrification procedure: the stepwise addition of CPA allows for a gradual 
dehydration of oocytes. Before exposure to the vitrification solution, oocytes are supposed to 
regain their original shape
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other gasses may offer slightly higher rates and lower storage temperatures, but—
due to problems with availability and price, their application is extremely restricted. 
On the other hand, exposing liquid nitrogen to vacuum decreases its temperature 
below the standard boiling point, and samples immersed into this “supercooled” 
liquid nitrogen will cool more rapidly, in lack of a thermo-insulating vapour coat 
that develops around the sample upon immersion. This option may have consider-
able perspectives, unfortunately the exploitation is slower than expected.

Most research in the past 20 years has been focused to optimize the sample size and 
to minimize its insulation. Obviously, a smaller sample may ensure higher cooling and 
warming rates. Small samples may also decrease the danger of heterogenous ice 
nucleation, formation of small spots of ice inside the sample [46]. Simple dropping of 
samples into liquid nitrogen was not found practical, and cooling rates remained rela-
tively high, as these drops were floating on the surface for seconds, due to the evapora-
tion of the liquid nitrogen beneath. Carrier tools obtained from other fields of biology 
or specially developed for this purpose and holding (preferably) less than 1 μL solu-
tion were required. A summary of these tools has been provided earlier [34, 35] and 
their benefits and disadvantages will be also discussed at the end of this chapter.

With an appropriate carrier tool, warming is a simple task. In optimal systems, 
vitrified samples are immersed directly into the medium pre-warmed to the core 
temperature of the mammal. Usually samples may get separated spontaneously from 
the carrier tool shortly after immersion, and may be processed alone subsequently.

�Removal of Cryoprotectants

Direct rehydration, i.e. transferring cryopreserved samples from liquid nitrogen 
directly into the holding medium without any osmotic buffer is an option for certain 
embryos after some special slow-rate freezing techniques, and was also applied suc-
cessfully after vitrification of bovine embryos. However, this approach may be risky 
for human embryos, and is definitely detrimental for human oocytes. To prevent 
extreme swelling and lysis, the high intracellular osmotic pressure must be counter-
balanced by an osmotic buffer consisting of the concentrated solution of the non-
permeable CPA applied for vitrification, i.e. in most cases sucrose or trehalose. The 
concentration of the osmotic buffer may be carefully decreased in two or three steps. 
One or two thorough washes in the holding medium are followed by incubation in 
maturation medium, then ICSI.

�Devices

In the initial period, vitrification was performed in 0.25  mL straws or cryovials 
developed for slow-rate freezing in embryology or cell-tissue culture, respectively. 
Subsequently, to decrease the volume to the required level various devices obtained 
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from other fields of science were used including electron microscopic grids [47]. 
The open pulled straw (OPS) was the first device developed for embryo/oocyte vit-
rificationpurposes [39] followed by other tools including the Cryotop, Cryotip, 
Cryoleaf, Cryohook, etc. (see reviewed in [34, 35]). In a short period, almost every 
scientist working in reproductive cryobiology has developed his own method, and 
faced troubles not only in proving its superiority over the previous ones, but also in 
finding a relevant name. Eventually about a dozen of different devices remained and 
reached the level of commercial production. These devices are commonly sorted 
into two groups. In the first group, samples are exposed directly to the cooling and 
warming solutions allowing the highest possible cooling and warming rates, but the 
lack of a barrier layer means a potential danger of contamination from the infected 
liquid nitrogen [48]. In the other group, samples are isolated from liquid nitrogen, 
decreasing both the cooling rate and the danger of contamination. It has to be clari-
fied whether some of the so-called closed devices are either not safely closed or 
result in a compromised situation at warming. The problem including the possible 
consequences has been discussed in detail in a recent review [49].

In some areas of reproductive biology, the cooling rate provided by several 
closed devices may be satisfactory. However, for human samples, especially human 
oocytes the compromised cooling rate may be insufficient. While inventors and pro-
ducers of certain closed devices emphasize their superiority, the number of relevant 
publications is still insufficient to talk about conclusive evidence(s). On the other 
hand, the vast majority of groups continued to use the highly successful open 
devices for oocyte vitrification, in spite of the existing or potential legal restrictions. 
After more than a million of babies and several million of transfers after vitrification 
in open devices, without a single documented case of infection caused by liquid 
nitrogen mediated disease transmission, professional and legal authorities are more 
or less convinced not to interfere and let one of the most successful inventions in 
human embryology be applied properly. On the other hand, inventors, producers 
and clinics have implemented measures to minimize even the theoretical danger, 
using sterile containers for storage and/or contamination free liquid nitrogen for 
cooling [50–52].

�Standardization, Safety and Automation

Due to various devices, CPAs and parameters, vitrification in human reproduction 
cannot be considered as a method or technique, it is rather an approach with some 
common principles but extremely diverse realization. Moreover, the rapid spreading 
of methods all over the world has resulted in an inappropriate education and appli-
cation. Manuals and videos without personal teaching are insufficient; personal 
teaching without a qualified instructor, performed by poorly informed marketing 
agents and recently involved colleagues may be inadequate. Hands-on vitrification 
workshops are held worldwide, but offer access only to a limited number of embry-
ologists, and many of them serve predominantly marketing and not educational 
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purposes. Accordingly, results achieved in an average clinic may be below the 
expectations and the intrinsic capability of the given technology.

Moreover, vitrification in embryology is performed by the alternative use of the 
microscopes, delicate micropipetting and the liquid nitrogen placed in open contain-
ers close to the operator. Strict safety rules determine the required clothes, gloves and 
protective glasses while working with liquid nitrogen. Practically none of them are, 
and very few of them can be followed in the routine process of embryo/oocyte vitri-
fication. The situation was more or less tolerable in a research laboratory where ad 
hoc solutions are common, but vitrification is now part of the everyday practice in 
any reproductive laboratory, with staff improperly informed about potential hazards.

As vitrification is now a key element of human assisted reproduction, to resolve prob-
lems related to standardization and work safety is indispensable. It should also be real-
ized that all actually used manual vitrification techniques are extremely primitive. There 
are attempts to change this situation by introducing devices that are capable to automate 
some isolated phases of the process. However, future directions should focus on more 
complex and more intelligent solutions including machines capable to perform both 
equilibration and cooling, or both warming and dilution, respectively. This advancement 
may require a significant investment including intellectual input and financial support.

However, considering the past achievements and the future perspectives, the 
required investment does not seem to be disproportional.

Key Message  	
1.	 Oocyte vitrification affects the oocyte ultrastructure
	2.	 High cooling and warming rates are a pre-requisite
	3.	 No contamination has been observed when using open devices
	4.	 Safe, standardized, automated vitrification systems may become a reality.
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Chapter 9
Optimal Preparation Prior to the Use 
of Cryopreserved Oocytes

Shari Mackens, Arne van de Vijver, and Samuel Santos-Ribeiro

The early 1980s saw the first cases of live births after the transfer of autologous 
frozen embryos be reported [1, 2]. These preliminary reports were met with reason-
able resistance by the scientific community owing to the limited efficacy of earlier 
cryopreservation methods and concerns regarding the overall safety of embryo 
cryopreservation. This uncertainty effectively relayed embryo cryopreservation at 
its genesis to the status of an “adjuvant method” for cycles in which the number of 
embryos produced was deemed too excessive for simultaneous replacement during 
the fresh embryo transfer (ET) attempt. However, following the advent of more 
efficient cryopreservation strategies [3] (i.e. vitrification) and reassuring safety 
data [4, 5], the use of embryo cryopreservation has progressively increased, cur-
rently accounting for up to one third of all children born after assisted reproductive 
technologies (ART) in the United States [6]. Furthermore, cryopreservation has 
now become an indispensable tool in everyday clinical practice, providing the nec-
essary means to assure the safe storage of embryos while minimizing the many 
risks associated to the multiple pregnancies [7]. For this reason, an increasing 
amount of scientific societies and governments have encouraged [8] or even 
enforced [9, 10] elective single ET policies to ART clinics, progressively changing 
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the benchmark of ART from pregnancy rates to Birth Emphasizing a Successful 
Singleton at Term (BESST) [11]. These considerations have set the stage for a new 
stance on embryo cryopreservation in modern-day medicine, which is no longer 
viewed as a simple adjuvant of fresh ET [12], a mindset that has transpired across 
to oocyte donation and/or embryo cryopreservation programs as well. In parallel, 
an increasing number of women are currently opting to electively cryopreserve 
oocytes in anticipation of age-related gamete exhaustion. Since the first live birth 
following the transfer of a cryopreserved oocyte occurred already in 1986 [13], 
physicians have the possibility to extrapolate from the abundance of data already 
existent from both fresh/frozen oocyte donation and embryo cryopreservation pro-
grams in order to determine the best ET strategy for women thawing electively 
cryopreserved oocytes. In this chapter, we give a detailed explanation on how the 
preparation of the uterus for the transfer of embryos deriving from cryopreserved 
oocytes is generally performed, followed by a brief overview of which methods 
one may consider to optimize the safety and pregnancy/neonatal outcomes of these 
treatment cycles.

�Types of Embryo Transfer Protocols

The transfer of an embryo deriving from cryopreserved oocytes poses several poten-
tial advantages, the most important of which is the fact that the attention of the 
physician is no longer divided between both the maximization of oocyte retrieval 
and the optimization of uterine receptivity. This allows physicians to opt for more 
patient-friendly alternatives of endometrial preparation which frequently no longer 
involve the daily administration of injectable drugs. Instead, doctors usually choose 
to use either oral or intravaginal hormone therapy (artificial cycle) or even to simply 
monitor the menstrual cycle to determine the best timing for the thawing and trans-
fer without medication (natural cycle).

�Artificial Cycle

Artificial hormonal therapy cycles are frequently used for endometrium preparation 
for an ET.  This treatment protocol, which was originally developed for patients 
undergoing oocyte donation, has also proven to be successful in the general popula-
tion of women undergoing ETs [14]. Taking into account the minimal cycle moni-
toring related to such a practice (i.e. hormonal analyses and ultrasound scans of the 
endometrium), exogenous estrogen and progesterone administration for ET prepa-
ration has become increasingly popular. On the other hand, potential disadvantages 
associated to this approach include the cost, inconvenience, prolonged treatment 
(especially in case of pregnancy) and potential side-effects associated to estrogen 
supplementation (e.g. increased thrombotic risk).
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�Estrogen Supplementation

The scarce evidence available on this topic has shown that even a relatively short 
period of estrogen supplementation of 5–7 days seems to be sufficient for adequate 
endometrial proliferation [15]. However, most artificial cycle protocols still empiri-
cally opt to extend the duration of estrogen supplementation to approximately 
2 weeks to better mimic the natural menstrual cycle. Furthermore, if necessary (e.g. 
due to a persistently thin endometrium), the duration of estrogen supplementation can 
be prolonged until up to 7 weeks without compromising ET pregnancy outcome [16].

�Progesterone Supplementation

Once the proliferation of the endometrium with the administration of estrogen is 
considered adequate (i.e. when the endometrial thickness on ultrasound is around 
6–7 mm), progesterone is initiated to promote the final phase of endometrial prepa-
ration prior to embryo transfer. The optimal duration of exposure to progesterone 
prior to ET is, however, currently also an elusive topic [17], namely in oocyte dona-
tion programs [18]. In a natural cycle, progesterone rises to 1–3 ng/mL 2–3 days 
before ovulation, due to the LH-stimulated production by the peripheral granulosa 
cells [19], with a steep increase in production following ovulation (3–10 ng/mL). 
However, the clinical importance of this pre-ovulatory progesterone elevation is yet 
to be determined. Furthermore, when progesterone supplementation in artificial 
cycles is initiated 3 days before the ET [20, 21], excellent pregnancy rates of up to 
40.5% still occur [22]. Indeed, some evidence demonstrating pregnancies after very 
short durations of progesterone supplementation indicate that short progesterone 
exposure may suffice to induce endometrial receptivity [23, 24]. On the order hand, 
a recent randomized controlled trial (RCT) revealed that transferring day-4 embryos 
on the third day of progesterone supplementation was deleterious [25]. Specifically, 
a higher risk of early pregnancy loss was seen during the study, possibly caused 
either by the asynchrony between the duration of progesterone administration and 
the developmental stage of the embryo or by an insufficient endometrial decidual-
ization associated with only 3 days of progesterone administration (which could 
potentially still allow implantation to occur but then increase early pregnancy loss). 
Finally, a recent study highlighted once again the importance of optimal progester-
one exposure timing by showing an increase in pregnancy rates associated with 
specific histological endometrial dating patterns and corresponding adjustments in 
progesterone exposure [26]. Currently, most of the cleavage stage embryos are 
empirically transferred around the fourth day of progesterone supplementation, 
whereas blastocysts are usually transferred on the sixth day of progesterone supple-
mentation. Practically, this means that vitrified oocytes are warmed on the second or 
first day of the progesterone supplementation [27, 28]. The clinical outcome of 
these different durations of progesterone supplementation before transfer was not 
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significantly different in fresh oocyte donation cycles, however, a higher rate of 
biochemical pregnancies was seen when supplementing progesterone 1 day before 
oocyte retrieval [18]. More evidence is needed to confirm best clinical practice.

In most clinics progesterone supplementation is routinely administered vaginally 
by micronized progesterone (200 mg three times daily) with the most frequent side 
effect being vaginal irritation and discharge. Non-inferiority and a similar safety 
profile have been recently demonstrated for the oral administration of dydrogester-
one (10 mg three times daily) [29], although concern was raised in the past because 
of a positive association between dydrogesterone usage during early pregnancy and 
congenital heart disease in the offspring [30].

�Natural Cycle

In regular-cycling women, an alternative to artificial cycles may be to monitor the 
menstrual cycle and schedule the transfer for the moment when the endometrium is 
“synchronized” to the developmental stage of the embryo. The starting point to 
assess embryo-endometrial synchronization is normally the ovulation of the domi-
nant follicle, which in an ET cycle can either be triggered exogenously (i.e. modi-
fied natural cycles, in which ovulation is triggered by the administration of human 
chorionic gonadotropin (hCG) as soon as a dominant follicle of e.g. >16 mm is 
observed on ultrasound monitoring) or by serial blood (or, albeit less accurately, 
urine) sampling until a LH peak is observed [31]. In accordance with the planning 
of ET in an artificial cycle [27, 28], oocytes are warmed 3 or 2 days after the LH 
peak/hCG trigger in a natural cycle.

When pitting natural cycles against artificial cycles, one is opting between (a) the 
transfer of an embryo into an endometrium altered the least possible by external 
factors and (b) a less cumbersome approach that requires less clinic visits and allows 
for more flexibility in terms of cycle scheduling. In terms of pregnancy rates, a 
recent RCT including 1032 women and comparing artificial and modified natural 
cycles failed to show any significant difference between both approaches [32]. At 
first glance, this study seems to indicate that the choice in terms of the type of ET to 
perform could be based exclusively on patient/physician choice; however, this study 
did not assess the potential benefit of ETs performed without exogenous ovulation 
triggering. On this matter, two small RCT revealed conflicting results: the first 
(which included 60 cycles) did not find significant differences between spontaneous 
and exogenously-triggered ovulation cycles [33], while the other (planned to include 
240 women) was interrupted prematurely (after recruiting 124 women) due to the 
fact that an interim analysis revealed a remarkably lower pregnancy rates in women 
who were administered hCG for ovulation (14.3% vs. 31.4%, respectively) [31]. 
One of the posited reasons for this difference was the fact that the researchers had 
considered different timings to perform the ET (specifically, a 1-day difference 
between both studies); however, a recent large retrospective analysis also associated 
LH peak ovulation ET cycles with better pregnancy outcomes even when using a 
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comparable transfer schedule Scheme [34]. That said, until further prospective stud-
ies comparing non-modified natural cycles with artificial cycles are performed, a 
final decision on what seems the best type of ET remains unanswered.

�Embryo Transfer Outcome Optimization

Human embryo implantation is currently the rate-limiting step of ART. The trans-
ferred embryo and the maternal endometrium are the two key-players and a syn-
chronous interaction between a competent embryo and a receptive endometrium is 
indispensable for successful implantation. In the natural menstrual cycle, the endo-
metrial window of implantation opens 6 days after the postovulatory progesterone 
surge and lasts approximately 2–4 days [35]. During this window, the stepwise pro-
cess of embryo implantation occurs. Specifically, first there is an apposition and 
adherence of the blastocyst to the endometrium, followed by the breaching of the 
luminal epithelium. Finally, the blastocyst invades the maternal tissue [36].

Ideally, when preparing the endometrium for ET, one would be able to assess if it 
is receptive (i.e. if it is in the window of implantation). Unfortunately, despite enor-
mous research in the field, a test for endometrial receptivity at the molecular level is 
still not widely accessible or validated at this time. Therefore, ultrasonography and 
endocrine monitoring, being non-invasive and universally available, currently serve 
as surrogate markers to evaluate the endometrial status prior to transfer.

The endometrium requires adequate growth to allow successful implantation. A 
lower probability of pregnancy has been described for women with a thin endome-
trium [37], although this remains a topic of discussion [38]. Furthermore, a trilami-
nar endometrium on the day corresponding to the ovulation trigger day is associated 
with an increased probability of pregnancy [39].

Although the exact mechanism is unclear, a thin endometrium may be caused by 
the impairment of normal endometrial growth [40]. A number of treatments (includ-
ing hysteroscopic adhesiolysis, hormonal manipulation by estrogen and GnRH-
agonist, vasoactive drug such as aspirin, vitamin E, pentoxifylline, l-arginine or 
sildenafil, intra-uterine infusions of growth factors such as G-CSF and the applica-
tion of regenerative medicine) have been proposed to stimulate endometrial growth 
in patients with a thin endometrium, but without much success [40, 41].

In addition to the thin endometrium, other women with no apparent problem in 
terms of endometrial growth and development still fail to reach implantation after 
multiple transfers of good quality embryos. Specifically, these women may suffer 
from repeated implantation failure (RIF), defined as the absence of implantation 
after two consecutive cycles of IVF, ICSI or frozen ET cycles in which the cumula-
tive number of embryos previously transferred embryo was no less than four 
cleavage-stage embryos or two blastocysts (all of which should have been of good 
quality and appropriate developmental stage) [42]. Evidence-based diagnostic and 
therapeutic interventions for this group of patients remain even more limited, as the 
underlying reasons for implantation failure are largely unknown.
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�Ovarian Stimulation

Exogenous ovarian stimulation has been given to women undergoing ETs in an attempt 
to increase the circulation of serum estrogen and potentially enhance endometrial 
receptivity. However, a recent systematic review pooling the relevant data concluded 
that, when compared to unstimulated natural ET cycles, ovarian stimulation with 
gonadotropins or clomiphene citrate did not seem to enhance live birth pregnancy rates 
[43]. Interestingly, when compared to artificial cycles, women who performed ovarian 
stimulation with gonadotropins or letrozole did seem to have a slightly increased chance 
for live birth. However, until well-designed prospective studies are performed, no defin-
itive recommendation on the use of ovarian stimulation in ET cycles can be made.

�GnRH Agonist Downregulation

Besides the administration of estrogen and progesterone, a GnRH agonist is often 
added to the artificial cycle protocol, in order to prevent spontaneous ovulation. In a 
RCT encompassing 234 patients, cycles without ovarian suppression using a GnRH 
agonist were associated with a reduced clinical pregnancy and live birth rates per 
cycle [44], mainly due to a higher cycle cancellation rate. However, endocrine cycle 
monitoring was not performed in that study, and data with regard to the incidence of 
premature ovulation were not available. Furthermore, the results of this trial are 
strongly in contradiction with those of a subsequent systematic review and meta-
analysis, which included an additional 491 patients deriving from another 3 RCT, 
could not demonstrate any benefit in terms of clinical pregnancy and cancellation 
rates [45]. Indeed, all three of these other RCT included in the meta-analysis failed 
to find any significant difference in terms of clinical pregnancy rates [46–48] among 
those in which the GnRH agonist was not administered. Similarly, another system-
atic review evaluating clinical pregnancy rates in women undergoing ET with fro-
zen embryos or embryos derived from donor oocytes had similar results, failing 
again to reveal any significant benefit in using downregulation [49]. Finally, a more 
recent retrospective analysis of 1129 ET cycles also could not show any difference 
in live birth rates in cycles with or without GnRH agonist downregulation [50]. 
Adding to the overwhelming before-mentioned evidence, ET cycles without GnRH 
agonist co-treatment seem also to be more patient-friendly because of the avoidance 
of the cost and potential side effects associated with these drugs such as hot flashes, 
fatigue and other symptoms of estrogen deprivation.

�Implantation Promoting Medications

Low Molecular Weight Heparins (LMWH) are thought to enhance endometrial recep-
tivity by activating growth factors and cytokines that favor implantation. However, the 
clinical benefit of using LMWH in the peri-implantation period to increase pregnancy 
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and live-birth rates is unclear. Importantly, since most studies inadequately reported 
adverse events, the safety of this strategy remains in question [51].

The use of corticosteroid therapy has also been attempted in ART, with the ratio-
nale that this immunosuppressant drug group could promote implantation (and 
reduce miscarriage) stemming from an oversimplification of the theory that an 
immune tolerance must be induced towards the invading embryo. However, the 
more this role of the immune system in implantation is unraveled, the more it 
becomes clear that a certain grade of inflammation and activation is actually required 
during the process. For this reason, immunologists are increasingly advocating that 
immune suppression should be reserved to women with overt immune pathology, 
especially given the fact that, besides the unproven benefit, these drugs may alter 
fetal growth and increase the risk of congenital anomalies and preterm birth [52, 53].

�Endometrial Scratching and Hysteroscopy

The rationale for endometrial scratching first derived from observations in mice show-
ing higher implantation rates following an intentional endometrial injury performed in 
the weeks preceding the window of implantation [54]. The molecular mechanism 
behind how the scratching of the endometrium could improve implantation is unclear 
at this time, although several hypotheses have thus far been advanced (e.g. resynchro-
nizing of the endometrium, modulating the endometrial immune system) [55].

A systematic review published in 2015 compiling the relevant human clinical data 
until then concluded that endometrial scratching might result in better clinical preg-
nancy and live-birth rates in women with more than two previous failed ETs [56]. 
However, the interpretation of this data may be prone to bias due to the many differences 
in the trials that were included in the analysis (namely in terms of the timing, method 
and frequency of the endometrial scratching procedure that was performed), thus creat-
ing the need for further well-designed studies in these specific groups of patients.

Importantly, the only prospective study evaluating the effect of endometrial 
scratching during the transfer of an embryo in an unstimulated cycle (in which the 
procedure was performed in the preceding luteal phase) did not show any benefit in 
terms of implantation or clinical pregnancy rates [57].

Instead of routine endometrial scratching (which is generally performed by 
means of a blind endometrial biopsy), some researchers have attempted to focus on 
the effect of hysteroscopy to improve implantation in IVF. Nonetheless, the two 
largest and most recent trials did not show once again any significant effect in both 
women with RIF [58] or an unselected population [59].

�Molecular Diagnostics

Approximately 15 years ago, researchers began to use high-throughput transcrip-
tional data derived from endometrial biopsies to learn more about implantation in 
human reproduction. Currently, although many studies have been published on the 
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subject, the use of this molecular diagnostic tool in clinical practice remains 
limited.

The endometrial receptivity array (ERA) is a molecular tool developed by 
Igenomix® (Valencia, Spain) to evaluate endometrial receptivity. This array analy-
ses the expression of 238 genes on an endometrial biopsy [60] and, according to its 
expression pattern, a specifically designed predictor classifies the endometrium as 
‘receptive’, ‘pre-receptive’ or ‘post-receptive’ [61]. The result of the analysis is thus 
an attempt to determine whether or not the patient is responsive to embryo implan-
tation at the timing of sampling.

The endometrial tissue biopsy can be performed in either a natural or artificial 
cycle. The endometrial preparation is done just as it would be for an ET, but instead 
of an ET, an endometrial biopsy is performed.

In case of a receptive result, the transfer of a blastocyst should be performed in a 
subsequent ET cycle on the same day in which the biopsy was retrieved. For a day-3 
embryo, the transfer should be anticipated by 2 days. Otherwise, if the ERA reveals 
that the endometrium was non-receptive at the time of biopsy, the expression profile 
can still be used to indicate on which day a second biopsy should be performed in 
order to validate the displacement of the window of implantation.

In women with RIF, a higher prevalence of the pre-receptive profile is generally 
suspected [62, 63]. Hence, when a displaced window of implantation is confirmed, 
implantation rates could potentially be increased by personalizing the day of the ET.

To strengthen the value of the ERA test and to validate its clinical applicability, 
the developing research group has currently two ongoing trials. A first 
(NCT01668693) started in 2012 and was designed to evaluate the efficacy of ERA 
and personalized ET in RIF patients. A second one (NCT01954758), initiated in 
2013, is assessing the clinical value of ERA and personalized ET in a general popu-
lation seeking IVF/ICSI treatment.

Very recently, another molecular signature consisting of 303 genes was devel-
oped to identify RIF patients [64]. The set of genes suggest that RIF is associated 
with reduced cell proliferation. The profile seems to stratify RIF patients into dis-
tinct groups with different subsequent implantation success rates. The analysis of 
the gene signature is currently not commercially available, but might also become 
of clinical value in the future.

�Safety Concerns

Oocyte donation has been associated with a higher risk of adverse obstetric and 
neonatal outcomes, namely preeclampsia, low birth weight and preterm birth [65]. 
Having said that, one can question whether performing a ET using frozen oocytes/
embryos (instead of a fresh transfer) impacts these risks further and in which 
manner?

Low birth weight (LBW) and preterm birth (PTB) are more prevalent following 
IVF/ICSI than after natural conception, even when only singleton pregnancies are 
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taken into account [66]. Studies evaluating the transfer of frozen embryos, however, 
have shown that this strategy may significantly reduce the incidence of both [67, 68]. 
The explanation of this finding is not completely clear; however, experiments in mice 
have shown an altered fetal and placental development after ovarian stimulation for 
IVF [69–71]. This effect may not be of the same importance in oocyte donation cycles, 
since no ovarian stimulation is generally ever administered to the recipient [72]. On the 
other hand, besides the effect of the ovarian stimulation, one must also take into account 
that oocyte/embryo vitrification by itself serves indirectly as an selection method, pos-
sibly leading to better embryo quality and therefore better obstetrical outcome.

No difference between fresh and frozen transfer was found for stillbirth or peri-
natal mortality; however, a higher caesarian section rate was observed for frozen ET 
[67, 73]. Possible reasons for this may be that women undergoing frozen ET were 
more likely to have had a previous cesarean section compared with women under-
going fresh ET. Alternatively, following multiple failed IVF/ICSI attempts, these 
women may also be more likely to have cesarean sections performed given the false 
sense of higher safety frequently associated to this route of delivery [67].

The risk for major congenital anomalies is reported to be the same in children 
after fresh or frozen ET [74]. Furthermore, recent data showed that vitrification also 
does not seem to adversely affect the neonatal health of the offspring in comparison 
with transfer of fresh embryos. Specifically, in a recent retrospective analysis, neo-
natal health parameters (including the prevalence of congenital malformations) in 
singletons and twins born after embryo vitrification were similar or slightly better 
than those after fresh ET [4].

In the specific subgroup of polycystic ovary syndrome patients, a higher live-
birth rate, mediated through a lower rate of pregnancy loss, was detected after frozen 
ET compared to fresh transfer. However, a higher risk of preeclampsia was also 
observed [75]. This is in line with the higher risk for pregnancy-induced hyperten-
sion observed in other studies [76–78]. However, the clinical significance of these 
findings and the extrapolation to oocyte recipients requires further investigation.

Key Points
1.	 Oocyte cryopreservation using vitrification is an efficient, safe and indispensable 

tool in clinical practice attempting to overcome age-related fertility loss.
	2.	 The transfer of an embryo derived from cryopreserved oocytes poses the advan-

tage that oocyte retrieval and uterine receptivity do not need to be synchronized, 
allowing an optimal approach of both.

	3.	 Endometrial preparation prior the transfer of an embryo derived from cryopre-
served oocytes can be done in a more patient-friendly fashion (without the daily 
administration of injectable drugs), by either oral or intravaginal hormone ther-
apy (artificial cycle) or by simply monitoring the menstrual cycle to determine 
the best timing for the thawing and transfer without medication (natural cycle).

	4.	 Further optimization to achieve higher success rates after embryo transfer (e.g. 
ovarian stimulation, GnRH agonist downregulation, implantation promoting 
medications, scratching/hysteroscopy) are often not evidence based and still 
under research. The same goes, at this time, for molecular diagnostic tools.
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	5.	 Oocyte donation is associated with a higher risk of adverse obstetric and neona-
tal outcomes, but performing an ET using frozen oocytes/embryos (instead of a 
fresh transfer) does not clearly impact these risks any further.
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Chapter 10
Clinical Outcome After Oocyte 
Cryopreservation for Elective Fertility 
Preservation

Ana Cobo

Fertility preservation (FP) is an emerging, rapidly evolving branch of reproductive 
medicine comprising the preservation of gametes (sperm, oocytes), and reproduc-
tive tissue (ovarian, testicular), giving individuals at risk of losing their reproductive 
ability the chance to conceive and have their own genetic offspring. Cancer patients 
to undergo surgery or start chemotherapy or radiotherapy, other medical conditions 
leading to premature menopause, and healthy women wishing to postpone child-
bearing, are the main beneficiaries of this strategy. Options for women to safeguard 
their fertility include the cryopreservation of ovarian tissue or oocytes.

The preservation of biological materials at cryogenic temperatures (cryopreser-
vation) allows complete stopping of biological reactions with the aim of preserving 
the viability of the cells while keeping intact the tissue physiology after the trans-
plantation of organs or in the case of gametes, to preserve unaltered their ability to 
produce embryos able to generate viable pregnancies and healthy babies. Efficient 
cryopreservation of oocytes has helped greatly as a tool for FP especially during the 
last 10 years. More specifically, the introduction of vitrification into assisted repro-
duction (AR) has established efficient female gamete cryopreservation, which pro-
vides comparable outcomes to those achieved with fresh oocytes [1, 2] and opens up 
a wide range of applications, including FP [3].

�Elective Fertility Preservation (EFP) for Social Reasons

In today’s society, many women who are taking long strides in their careers and 
delaying pregnancy further away from the younger years of childbearing. This trend 
affects mainly the developed countries most of which are experiencing a 
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significantly reduced birth rate. Women are often forced to choose advancement of 
career, financial security, and certain social pressures ahead of their biological 
clock, the well-known decline in fertility over 30s. With more women deciding to 
delay motherhood, there is an increase interest in the availability of the current 
cryopreservation technologies in order to safeguard their options for the future.

A compilation of the first series of outcomes achieved when women who vitrified 
their oocytes due to EFP in our centres returned to attempt pregnancy was published 
in 2013, providing the first report on babies achieved after elective fertility preserva-
tion for social reasons [3]. Therefore, five babies were reported. Concomitantly, the 
birth of a baby boy whose mother had non-Hodgkin lymphoma when she vitrified 
her oocytes prior to the oncological treatment was also reported [3]. A more recent 
review of our data published in 2016 provide a detailed description of the situation 
of EFP in our group, including the profile of the woman who have vitrified, the rate 
at which they return to use their oocytes, their clinical outcomes and the probability 
of having a baby according to the number of oocytes consumed [4]. The study 
included 1468 women, while most of them (N = 1382) opted for EFP due to age 
related fertility decline (social reasons). The reason why the remaining women 
chose EFP (N = 86 patients) was the presence of a medical condition, other than 
cancer, which could undermine future fertility, as endometriosis or low ovarian 
reserve. Of them all, 137 women returned to use their oocytes.

Among several interesting findings we observed in this population, it is worth 
highlighting the age at vitrification and how it impacted on final outcomes. In our 
experience, most women are deciding for EFP at advanced age. Accordingly, 63% 
of them came to vitrify at ages between 37 and 40, additionally, a not inconsiderable 
16.2% were aged ≥40 years old by the time of vitrification, while conversely, the 
vast minority were younger than 30 years of age [4]. As expectable, the age at vitri-
fication had great impact on different outcomes related to the number of oocytes 
retrieved and the number of MII finally vitrified, oocytes’ survival, pregnancy and 
live birth rates. Larger number of oocytes were either retrieved or vitrified in patients 
aged 35 years or younger when compared to patients older than 35 years. 
Furthermore, the lowest figures were observed in patients aged 40 years or older 
(5.1 (95% CI  =  4.2–6.0) mean retrieved and 3.9 (95% CI  =  2.6–5.0) mean MII 
vitrified).

As shown in Table 10.1 [4], survival was higher in the group of women aged 
≤35 years (94.6% [95% CI = 91.9–97.3] vs. 82.4% [95% CI = 79.9–84.9]). The live 
birth rate per patient was statistically higher in younger patients when compared to 
the older ones (50% [95% CI  =  32.7–67.3] vs. 22.9% [95% CI  =  14.9–30.9]). 
Table 10.1-Panel II. shows the outcomes according to different subgroups of age 
showing the noticeable decrease in the live birth rate from the youngest category 
including women aged ≤29 years (100% [95% CI = 100–100]) to the oldest group 
of women aged 40–44 years (3.7% [95% CI = −3.4–10.8]).

The cumulative probability of having a child according to the number oocytes 
consumed by the statistical approach using Kaplan Meier was also assessed 
(Fig. 10.1) [4]. If women were 35 years or younger, we observed a huge difference 
in the cumulative live birth rate (CLBR) when using only five oocytes (15.4%) com-
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pared to employing eight (40.8%) which means an 8.4% increase in CLBR per 
additional oocyte. On the other hand, if they were 36 years or older using the same 
number of oocytes the increase in CLBR was considerably milder (from 5.1% 
CLBR using 5 oocytes to 19.9% when 8 oocytes were consumed, meaning an 
increase in CLBR of 4.9%). Moreover, the success rate achieved in the younger 
group (≤35 years) was twice the achieved in the older group of women aged ≥36 
years (60.5% vs. 29.7% respectively) when 10 oocytes were used. With 15 oocytes 
the CLBR continue to increase in the ≤35 years group, whereas with the same num-
ber of oocytes the plateau was already reached in the group of women aged ≥36 
years, meaning that at this point the success is independent from the number of 
oocytes used up. In light of this, we suggest that at least 8–10MII should be vitrified 
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Fig. 10.1  CLBR according to age (≤35 and ≥36y) and number of oocytes consumed. Cobo et al. 
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to obtain a reasonable success rate. In women older than 36 years, numbers should 
be individualized along with the possibility of offering PGS.

All these findings have helped to consolidate the approach of oocytes vitrifica-
tion in cases of elective fertility preservation, fact that has contributed to the increase 
in the number of women deciding for this strategy as a way to alleviate the pressure 
posed by their every particular circumstance. In accordance, the most recent analy-
sis of our data on fertility preservation of for social reasons during the 9 years of this 
practice in our setting shows clear increasing trends in the application of oocytes 
vitrification for EFP (Fig.  10.2). A total of 3092 patients have conducted 4328 
(1.4 ± 1.1) vitrification cycles for EFP from September 2007 to December 2016. 
Most of them had high educational level (74.8%), while the majority were hetero-
sexual single women (77.9%). The remaining women were heterosexual married 
women (21.6%) and only 0.5% were homosexual.

Mean patients’ age at vitrification was 37.2 ± 3.9 years old. As shown in Fig. 10.3, 
the great majority (73.6%) decided for oocytes vitrification between 35 and 40 years 
old, which is the age at which most women consult for AR treatments, due to the 
well-known age-related fertility decline. As shown in Fig.  10.4, among the 353 
patients who have returned to use their oocytes nearly 80% vitrified at ages between 
35 and 41 years. Additionally, shorter storage time was observed for patients older 
than 36  years old when compared to those aged 35 or lower (1.7  ±  0.6 vs. 
2.9  ±  1.4  years of storage respectively). The debate is then served, since as we 
demonstrated earlier (Table 10.1) the efficiency in terms of live birth rate per patient 
is much lower in patients older than 36 years old and worsens dramatically at 40s [4]. 
In light of these findings, patients should be counsel to decide earlier for oocytes 
vitrification. However, another debate related to cost-effectiveness becomes relevant, 
being that recent data shows that egg banking for fertility preservation is more cost-
effective in women under the age of 38 years [5, 6].
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Fig. 10.2  Trends of the utilization of oocytes vitrification as a strategy for elective fertility preser-
vation during the past 9 years. Number of patients and vitrification cycles are shown
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Fig. 10.4  Distribution of women who had returned to use their oocytes in the 9 years of EFP in 
our centers (2007–2016)
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Fig. 10.3  Distribution of patients age at vitrification

Although the two arguments are valid, we think that it is absolutely necessary to 
adequately inform the patients both the very young women, and enlightening them 
that the probability of using their cryo-stored eggs in the upcoming years is reduced, 
due to, in the future; their chance of natural conception could remain high. On the 
other hand, older women, who are more likely to use their cryo-savings, should be 
accurately informed about their reduced reproductive chances. Anyway, as we have 
demonstrated, a child can be achieved when oocytes were vitrified over 40s, making 
very difficult to set upper limits for applying the strategy.
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Figure 10.4, shows the distribution of 3092 women who conducted EFP in our 
units during the period of 2007–2016. Table 10.2 shows a summary of clinical out-
comes achieved when the 353 women returned to attempt pregnancy with their vitri-
fied oocytes. A total of 3245 oocytes were warmed up (mean  =  9.2  ±  4.8; 95% 
CI  =  9.1–9.3). The overall survival rate was 81.4% (N  =  2641 oocytes; 95% 
CI = 81.1–82.7). A number of 384 (mean per patient = 1.03 ± 0.8 95% CI = 0.9–1.1) 
embryos were transferred in 252 embryo transfers (mean per patient = 71.4; 95% 
CI = 65.8–76.9). Implantation rate was 36.7% (95% CI = 31.4–43.4) and clinical 
and ongoing pregnancy rates were 46.4% (95% CI = 40.3–52.6) and 34.1% (95% 
CI = 28.3–40.0) respectively. Sixty-three healthy babies were born.

A number of 81 patients who had surplus embryos for additional cryotransfers 
performed 110 embryo- warming cycles (mean/patient  =  1.4  ±  0.1). A mean of 
1.8 ± 0.5 embryos were transferred in 106 cryo-transfers (mean/patient = 1.3 ± 2.5) 
achieving 35.7% implantation rate. Cumulative Clinical and ongoing pregnancy 
rates considering fresh and all cryo-transfers were (53.6% and 40.8% respectively). 
Twenty-one babies were born from these cryo-transfers. The cumulative livebirth 
rate per patient was 23.8% (95% CI = 19.4–28.2), being higher in younger women 
(51.3% when patients vitrified at 35 years or earlier vs. 16.2% when they were older 
than 35 years at vitrification).

Table 10.2  Clinical outcome after 9 years of applying elective fertility preservation 
(2007–2016)

Elective fertility preservation

IC95%
Patients returning 353
Warming Cycles 373 (1.1 ± 0.05) 1.09–1.2
Mean warmed oocytes/patient 3245 (9.2 ± 4.8) 9.1–9.3
Survival rate 2641 (81.4) 81.1–82.7
Number of transfers 252 (71.4) 65.8–76.9
Mean embryos Transferred 384 (1.03 ± 0.8) 0.9–1.1
IR 36.7 31.4–43.4
CPR/transfer 116 (46.4) 40.3–52.6
OPR/transfer 85 (34.1) 28.3–40.0
N° Live Birth 63
Cryotransfers of surplus embryos

N° patients 81
N° warming cycles 110 (1.4 ± 0.1) 1.3–1.4
N°ET 143 (1.8 ± 0.5) 1.7–1.9
N°Cryo transfers 106
IR 35.7 27.9–43.6
CPR/transfer 49 (46.2) 36.7–55.7
OPR/transfer 32 (30.2) 21.5–38.9
N° Live Birth 21
Total Live birth 84
C Live birth rate/patient 23.8 19.4–28.2

10  Clinical Outcome After Oocyte Cryopreservation for Elective Fertility Preservation
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In conclusion, the efficiency of oocytes vitrification for save guarding fertility is 
currently a consolidated option that can be offered to women seeking an option to 
achieve motherhood in the future. However, we think it is mandatory to explain to 
women who seek EFP that oocyte cryo-storage is no insurance policy to secure 
future motherhood, but a means to increase the chances of having a biological child, 
and that these chances depend on age and on the number of oocytes stored. It is 
imperative that women are informed about the drop in the probability of success 
over the age of 35 years. The number of vitrified oocytes should be adjusted accord-
ing to the patient’s age in order to increase the probability of having a child, irre-
spectively of oocytes coming from one stimulation cycle or more. In cases of EFP, 
women should be encouraged to decide this option when younger than 35 years due 
to greater biological efficiency, although the strategy could be less cost-effective at 
younger ages.

Key Points
	1.	 The clinical outcome with the use of vitrified oocytes is comparable to outcomes 

achieved with fresh oocytes
	2.	 Currently, mostly women perform elective oocyte vitrification between the age 

of 35 and 40 years.
	3.	 The efficiency in terms of live birth is much lower in patients performing oocyte 

vitrification after the age of 36 years and worsens dramatically after the age of 
40.

	4.	 Women who consider elective oocyte cryopreservation should be encouraged to 
do so before the age of 35, although this could be less cost-effective.

	5.	 It remains important to counsel women that elective oocyte cryopreservation can 
increase future reproductive chances but cannot guarantee reproductive 
success.
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Chapter 11
Safety of Preventive Oocyte Cryopreservation

Shruti Parikh and Christophe Blockeel

�Introduction

Developments in the discipline of reproductive medicine have been on a constant 
rise since its conception. Successful oocyte cryopreservation has been one such 
breakthrough, which has expanded the scope of treatment with assisted reproduc-
tive technology.

Initially, oocyte cryopreservation was restricted to use in cancer patients under-
going gonadotoxic treatment to conserve their fertility. However, over the recent 
years, oocyte freezing is also being popularly applied for non-medical indications 
wherein women are offered the chance to freeze their oocytes in anticipation of age 
related fertility decline for use at a later date; thus, extending the scope of IVF from 
a medical to social practice [1–3]. The use of ART procedures in normal healthy 
women has further emphasized the need for simpler and more patient friendly stim-
ulation protocols.

�Ovarian Stimulation

Ovarian stimulation protocols aim to achieve multi-follicular growth without caus-
ing a premature rise in LH. Exogenous gonadotropins administered during follicu-
logenesis maintain the FSH levels above the threshold, prolonging the duration that 
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the FSH window is open. This interferes with the natural process of dominant fol-
licle selection and results in simultaneous growth of a cohort of follicles [4].

In the early twentieth century, factors with similar actions to anterior pituitary 
gonadotropins were discovered from urine of pregnant and postmenopausal women. 
By 1940, it was known that these factors were required for growth of follicles, but 
the use of these extracts was limited due to the development of severe antibody reac-
tions [5]. In 1947, human menopausal gonadotropin (hMG) was created by using 
extraction methods to reduce the content of protein impurities. Despite this, the 
pharmacologically active content was only <5% having equal FSH: LH bioactivity 
[4]. With further purification, the LH component kept reducing and hCG was added 
to the preparation to restore the lost LH bioactivity. Thus highly purified hMG 
(HP-hMG) contains more hCG compared to uhMG; reduced protein impurities 
make HP-hMG safe for subcutaneous administration as well [6]. The advent of 
monoclonal antibodies reactive to FSH, allowed for the recovery of only FSH com-
ponent with negligible LH activity and lesser protein impurities (uFSH) along with 
its highly purified version HP-uFSH [7].

The ever growing demand for gonadotropins was fulfilled with their in vitro pro-
duction using recombinant DNA technology in mammalian cell culture systems 
(recFSH, recLH, rechCG) [8]. These recombinant products have added benefits of 
improved purity due to which they can be administered by protein weight (filled by 
Mass) rather than bioactivity, increasing the batch-to-batch consistency of the 
gonadotropin injections [8, 9].

Dosage of gonadotropins (hMG and rec FSH being most frequently used) are 
individualized but usually commenced in a dose range between 150 and 
300 IU. There is not much evidence regarding the benefit of dosage adjustment mid-
cycle [10]. A meta-analysis in 2008 has shown better pregnancy and live birth rates 
in a GnRH agonist setting for hMG versus rec FSH [11]; no difference in outcome 
was demonstrated in the GnRH antagonist protocol [12, 13]. The largest meta-
analysis to date (2010) comparing stimulation with hMG versus rec FSH in fresh 
cycles have shown that even though rec FSH is associated with retrieval of larger 
number of oocytes with significantly lower dosage of gonadotropins consumed, 
there is no significant difference in the baseline adjusted pregnancy rates [14]. The 
Cochrane database (2011) showed similar efficacy with respect to the two gonado-
tropins in both the GnRH analogue protocols [14, 15].

The most recent gonadotropin developed is long acting FSH (Corifollitropin 
alpha) generated using site directed mutagenesis and gene transfer techniques to 
attach the carboxy terminal peptide (CTP) of β hCG subunit to the β chain of 
recombinant FSH molecule [16]. It has a similar action to rec FSH interacting 
with the FSH receptor and is devoid of LH activity. The CTP component contain-
ing 4 O-linked oligosaccharides gives it a prolonged half-life compared to rec 
FSH [17]. Thus a single bolus could induce and sustain the growth of multiple 
follicles similar to 150 IU of recFSH given daily for 7 days making it suitable for 
IVF cycles. Due to its pharmacokinetic profile, the use of corifollitropin alpha can 
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eliminate the need for daily subcutaneous injections simplifying the stimulation 
process and reducing patient discomfort [18, 19]. Multiple dose finding studies 
comparing the efficacy of a single bolus of corifollitropin alpha versus daily rec 
FSH have proved corifollitropin alpha to be equally effective with respect to the 
number of oocytes collected and ongoing pregnancy rates [18–22]. Higher inci-
dence of OHSS was found emphasizing caution in high responders and women 
with polycystic ovaries [19].

�GnRH Analogues

The supra-physiological rise in the level of serum estradiol associated with multi-
follicular development may cause a premature surge in LH and thus trigger prema-
ture luteinisation in the mature follicles or atresia in the immature ones resulting in 
cycle cancellation [23–25]. The use of GnRH analogues in stimulation protocols to 
prevent pituitary LH surge have significantly benefited IVF outcomes [4].

GnRH agonists were originally developed with the goal of treating anovulation; 
however, this soon changed to pituitary desensitization with the understanding of 
their mechanism of action. They bind to the GnRH receptors at the level of the pitu-
itary causing an initial flare-up in gonadotropin levels followed by a decrease in the 
gonadal function. Prolonged occupation of the receptors causes desensitization due 
to their clustering and internalization resulting in pituitary quiescence (7–14 days) 
[26]. Their use was associated with significant reduction in the cycle cancellation 
rate occurring due to premature LH surge as well as better scheduling of oocyte 
retrievals [27]. GnRH agonists have been used for over 30 years in IVF with many 
studies comparing the various protocols for their administration.

The long protocol, which is the most commonly used GnRH agonist protocol, 
achieves pituitary quiescence before the start of stimulation. Agonists are adminis-
tered from the luteal phase of the previous cycle and stimulation is commenced only 
after complete pituitary down regulation is achieved. Due to their initial flare up 
effect it takes about 2 weeks for complete pituitary block, which causes significantly 
prolonged stimulation cycles [28]. There are reports of severe hypo-estrogenic state 
due to prolonged down-regulation in some women associated with symptoms of hot 
flushes, sweating, weight gain, mood changes, etc. Also commencing treatment in 
the luteal phase poses a risk of inadvertent stimulation during pregnancy and is also 
associated with the chance of ovarian cyst formation, both of which can be reduced 
by pretreatment with oral contraceptive (OC) pills [29, 30].

In the short GnRH agonist protocol, GnRH agonists are started a day prior to 
stimulation. The initial flare thus coincides with the rise in FSH, theoretically ben-
efitting multi-follicular growth. Follicular maturation is usually achieved by the 
12th day of the cycle which is adequate for pituitary desensitization, thus premature 
LH surge is prevented [31].
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A meta-analysis comparing the short and long GnRH agonist protocols shows a 
clear benefit in terms of oocyte retrieval and pregnancy rate with use of the long 
protocol, however, the long protocol is associated with significantly higher con-
sumption of gonadotropins [32]. The long luteal (mid luteal) GnRH agonist admin-
istration is associated with the best oocyte retrieval rate compared with early/late 
luteal or follicular start of the agonist [33, 34]. Optimal scheduling of oocyte 
retrieval is a possible advantage with the long agonist protocol, as exogenous stimu-
lation can be delayed after pituitary quiescence without an impact on IVF outcome 
[35, 36].

Though introduced a while ago, GnRH antagonists have only recently been 
accepted for use in IVF cycles. Their limited popularity arose due to an initial 
Cochrane analysis, which showed lower chances of clinical pregnancy with antago-
nist as compared to agonist use [37]. However, there was no difference in the live 
birth rate, but this was not studied.

Unlike the agonist, the antagonists have a straightforward mechanism of action; 
they competitively bind with the GnRH receptor causing an instantaneous fall in 
pituitary production of gonadotropins. This mechanism allows for their administra-
tion only when LH surge is expected (cycle day 5—day 7 onwards) eliminating the 
need for their prolonged administration prior to stimulation [38]. Their rapid action 
drastically reduces the duration of ovarian stimulation and total gonadotropin con-
sumption. Lack of initial stimulatory effect eliminates the risk of cyst formation 
with the use of the GnRH antagonist. Also, unlike the GnRH agonist there are no 
acute periods of hypo-estrogenaemia with the use of GnRH antagonist thus symp-
toms like hot flushes, mood swings etc. are not associated with their use [39].

GnRH antagonist action is dose dependent, mediated on balance between endog-
enous GnRH and the administered GnRH antagonist; thus much higher doses of 
antagonist compared to GnRH agonist are required to block endogenous LH [40]. 
Fixed day 6 administration of GnRH antagonist appears to be superior to the flexi-
ble protocol (administration when follicle > 14 mm size), however due to small risk 
of LH escape before start of the GnRH antagonist, clinicians are now favouring 
earlier day 5 start versus day 6 [37, 41]. The daily dose administration (0.25 mg of 
Ganirelix/Cetrorelix) is preferred to the fixed single dose (3  mg of Cetrorelix), 
though studies have shown no difference between the two with respect to clinical 
pregnancy rate [42, 43].

Several studies comparing the long GnRH agonist and the GnRH antagonist 
cycles are now published. The meta-analysis and systemic review by Kolibianakis 
et al. (2006) shows no difference in live birth rate with regard to the GnRH analogue 
used to suppress the LH surge [41]. Recent Cochrane meta-analyses (2011–2016) 
have also shown similar efficacy in both groups [44, 45]. Also no difference has 
been demonstrated in terms of embryo or endometrium quality between the two 
analogues [46–49]. Antagonist cycles are associated with slightly higher chances of 
premature LH surge, however in all the cases the surge occurred before the start of 
the GnRH antagonist indicating the need for earlier start of the antagonist (day 5 
start instead of day 6) [50].
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Non-significant higher live birth rate and higher oocyte yield exists with GnRH 
agonist however such differences are negligible especially due to the non-outcome 
benefits of the GnRH antagonists which have made IVF stimulation cycles simpler 
and more patient friendly [51].

�Ovulation Trigger

Due to the unpredictability of LH rise during stimulation, hCG has been uniformly 
used as a final oocyte maturation trigger in IVF cycles. hCG binds to the LH/hCG 
receptor and in the presence of pre-ovulatory follicles causes granulosa cell luteini-
sation with subsequent progesterone production, resumption of meiosis, oocyte 
maturation followed by follicle rupture 36–40 h later [52, 53].

However, hCG differs from the physiological surge as it does not induce FSH 
rise; also, it has a longer serum half-life compared to LH. Hence, its administration 
is associated with a sustained luteotropic effect with multiple corpora lutea develop-
ment and supraphysiological steroid levels [54], increasing the risk of developing 
ovarian hyperstimulation [55].

In order to minimize the patient’s burden and risk of complications, recent stud-
ies are focusing on the use of GnRH agonist to induce final oocyte maturation. 
When used in a GnRH antagonist setting, the GnRH agonist displaces the antago-
nist from its pituitary receptor, which causes a surge in LH and FSH levels (flare 
effect); followed by down regulation of the receptor [56]. Like the physiological 
mid-cycle surge, GnRH agonist trigger induces FSH rise as well, which is pro-
posed to have a role in completion of oocyte meiosis, cumulus expansion and 
induction of LH receptors on the granulosa cells [57–61]. However, the LH surge 
following agonist trigger has only 2 phases (~24–36 h) and is of a much shorter 
duration resulting in deficient luteal gonadotropin levels [54, 62]. The early corpus 
luteum demise results in reduced secretion of vasoactive peptides and is thus asso-
ciated with reduced risk of OHSS. Studies have shown that GnRH agonist trigger 
is associated with better patient comfort with lesser abdominal bloating due to 
reduced ovarian volumes, reduced fluid in cul de sac and earlier onset of menses 
[63–65].

GnRH agonist trigger used in fresh cycles has shown to have an impact on 
pregnancy outcome due to early luteolysis. However, this deficient luteal phase 
affects only the endometrium without any effect on the oocyte maturation and/or 
embryo quality, as seen in oocyte donation cycles [66–69], implying that GnRH 
agonist trigger can safely be used in segmented IVF cycles (cryopreservation of 
oocytes) [70].

The differences between hCG and GnRH agonist as a trigger are shown in 
Fig. 11.1.

However, an important question still remains- “Is the GnRH agonist trigger 
really the Holy Grail?”
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�OHSS

The ovarian hyperstimulation syndrome is a serious, potentially lethal complica-
tion of IVF, with an incidence ranging from 0.1 to 2% for severe cases to as high 
as 22% for mild ones [74]. It is characterized by bilateral enlargement of ovaries 
with an extravascular fluid shift secondary to increased vascular permeability. 
hCG is known to play a central role in its development and thus recent trends in 
ART practice are shifting towards use of GnRH agonist for final maturation 
trigger.

The risk of OHSS is not completely eliminated with the use of the GnRH agonist 
trigger. Some cases of early onset OHSS have been reported despite the use of 
GnRH agonist for oocyte final maturation (without any luteal phase medication) 
[65, 75–77] Case reports have pointed to a high AMH in their patients, which could 
be a red flag for differentiating women who may develop OHSS despite GnRH 
agonist trigger. However, larger studies are required to prove the association of high 
AMH with this risk.

Genetic predisposition for development of OHSS exists like alleles of FSH 
receptor, estrogen receptors, aromatase genes, vascular endothelial growth factor 
gene variation and LH–chorionic gonadotropin genetic variation. However, these 
are far from complete as a case report by Santos-Ribeiro et al. has shown develop-
ment of OHSS in a patient with no definitive genetic predisposition analysed by 
whole exome sequencing [65]. Thus, detailed genetic analysis is required in 
extreme severe OHSS cases to better understand the pathophysiology of OHSS and 
genetic predisposition in women who develop this following GnRH agonist 
trigger.

hCG GnRH agonist

Mechanism Biologic similarity to LH GnRH antagonist displacement53,60

FSH surge No Yes (flare-up)53,60

Luteotropic effect
Sustained (present up to 6 days after

500IU) Shorter7070,71,72

Luteal phase steroids High Closer to physiologic ranges70,71,72

Fig. 11.1  Differences between hCG and GnRH agonist trigger
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�Adnexal Torsion

Adnexal torsion is a well recognised emergency of the hyper-stimulated ovary more 
common in first and second trimesters of pregnancy, with a lower incidence of 
around 0.2% in oocyte donors [78] Prompt diagnosis is the key to ovarian salvage; 
may be more than often delayed due to similarity of symptoms with ovarian hyper-
stimulation like abdominal distension and abdominal tenderness. Simple untwisting 
(detorsion) of the adnexa to restore blood supply is associated with good prognosis 
if the accident is picked up early. Colour doppler can help in early diagnosis with 
finding of decreased diastolic blood flow [79]. Reducing OHSS and high degree of 
suspicion in women who develop ovarian hyper-response are required to reduce the 
incidence of adnexal accidents and for the conservative management of torsion.

�Suboptimal Response

A concern arising with the use of GnRH agonist as ovulation trigger is the subopti-
mal response observed in a subset of patients who do not respond with an adequate 
endogenous LH surge. This can be expected from women with hypothalamic-
hypogonadic amenorrhoea. However, women with regular menses but having a 
down-regulated hypothalamic-pituitary axis have shown to be at a greater risk 
of a suboptimal response [80]. These patients characteristically have very low 
LH and FSH at the start of the cycle, requiring more exogenous gonadotropins 
and having longer duration of stimulation. A suboptimal responder phenotype has 
been identified—younger, low BMI, more common in oocyte donors, long term 
OC pill users [80]. Screening patients with pre-trigger LH values <0.5 IU/L may 
help identify women likely to elicit a suboptimal response to GnRH agonist trig-
ger [80]. Also, monitoring of post trigger (12 h)serum LH levels could serve as 
an indicator of suboptimal response following GnRH agonist trigger and appro-
priate action could be taken (re-trigger with hCG) to avoid retrieval of immature 
oocytes. Although no fixed value of LH or progesterone is defined for inadequate 
response, studies have shown that patients with failed maturation had a post trig-
ger LH <15 IU/L [56].

�Ideal Timing of Triggering Final Oocyte Maturation

In regular IVF patients, the timing of trigger is crucial in a GnRH antagonist proto-
col cycle as studies have shown that delay in the trigger after 3 follicles of >17 mm 
diameter is associated with decline in pregnancy rates. This is probably due to rise 
in the progesterone level, which affects the endometrium causing premature 
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decidualization thus, lowering the implantation rates [81]. Prolongation of the fol-
licular phase however does not seem to have any adverse effect on the oocyte qual-
ity nor cleavage rate in the embryo as reported in a study on oocyte donation cycles 
[82]. Thus, delay in trigger during segmentation IVF cycles may be beneficial by 
improving the number of mature oocytes retrieved [82]. However, delaying the final 
maturation trigger (till 3 follicles > 20/22 mm) without any adverse outcomes in 
segmented IVF cycles, still needs to be established by further studies.

�Complications Related to the Oocyte Retrieval Procedure

Minor complications like vaginal bleeding are reported in 8.6% of oocyte donors 
undergoing oocyte pick-up procedure and can be managed conservatively with vag-
inal tamponade and rarely sutures [83, 84].

Intra-abdominal bleeding secondary to bleeding from ruptured follicle or injury 
to surrounding blood vessels and ovarian capsular bleeding is potentially more dan-
gerous but not so common with an incidence of around 0.02–0.3% [83, 85–87].

Pelvic infections in patients undergoing IVF cycles was reported at 0.01–0.6% 
and is expected to be lower in oocyte donors due to lower incidence of pelvic inflam-
matory disease, hydrosalpinges and endometriomas in these women. Empirical use 
of antibiotics is not recommended; their use can be restricted to women with the 
above mentioned risk factors of infection [83–86, 88, 89].

�Oncological Risks

Female cancers like breast cancer, uterine cancer or ovarian cancer have a known 
multifactorial etiology with hormonal factors playing an important role in develop-
ment of most of these cancers [90]. Thus the safety of short duration of supra-
physiological hormone levels during IVF with regard to the potential oncological 
risks needs to be addressed.

A meta-analysis in 2013 including a total of 746,455 patients has shown an 
increased risk of ovarian cancer development in patients undergoing IVF treatment 
(RR-1.59) [91]. Similar findings were published in another meta-analysis done in 
the same year [92]. However, the increased risk in these patients existed only when 
comparing with the general population. The risks was not present when comparing 
patients undergoing IVF with other sub-fertile women. These findings were also 
reported in a recent analysis in 2015, showing an association between IVF treatment 
and risk of developing ovarian cancer even after cofounding factors like maternal 
age and obesity were controlled [93].

Unopposed estradiol exposure is a known risk factor for the development of 
endometrial cancer and thus as one would expect an increased risk of uterine cancer 
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with the use of gonadotropins and more than 6 cycles of fertility treatment have 
been reported by a Danish study in 2009 [94]. Similar association between uterine 
cancer and IVF treatment have been reported in a study by Lerner Geva et al. (with 
a 30  year follow-up period) and another meta-analysis done in 2015 [93, 95]. 
However no association was found between risk of developing uterine cancer and 
ovulation induction [95].

Multiple meta-analyses have evaluated the risk of breast cancer subsequent to 
IVF treatment and they did not reveal any association between the use of fertility 
drugs for IVF and future risk of breast cancer [93, 96]. However, higher absolute 
dense volumes on mammogram were reported in women treated with controlled 
ovarian stimulation suggesting need for continued monitoring of cancer risk in 
women undergoing ovarian stimulation [97].

However, most studies to date evaluate the oncological risks among infertile 
women undergoing IVF stimulation. Multiple factors causing infertility in women 
themselves independently affect the risks of female oncological cancers. Thus fur-
ther studies in healthy women undergoing stimulation for oocyte freezing or oocyte 
donation are required.

�Effects on Ovarian Reserve and Future Fertility

Studies with oocyte donors have reported 5–9.6% incidence of fertility issues in 
donor patients requiring further treatment [98, 99]. Both studies evaluated the short 
term effects on fertility. Further trials studying the potential long term fertility 
effects of IVF stimulation and oocyte puncture need to be evaluated. Another trial 
comparing serum AMH levels in oocyte donor patients has shown no significant 
drop in the serum AMH levels after repetitive oocyte punctures for oocyte donation, 
again emphasising the potential lack of any immediate effects on fertility [100].

To conclude, ART stimulation is an elective procedure on apparently healthy 
women and thus it is of vital importance that the stimulation is simplified with the 
exclusion of the risks as much as possible. Despite the advances in IVF practices, 
OHSS still remains the most lethal iatrogenic complication following stimulation 
and thus is a cause of anxiety for most of the clinicians [101]. Efforts to improve 
outcomes and reduce the risks are being made and one such modification was the 
introduction of the GnRH antagonist protocol during the stimulation cycle. Their 
use is associated with simpler stimulation cycles and reduced side effects with a 
similar outcome in terms of live birth rates as compared to GnRH agonists. They 
also allow for the use of GnRH agonist to trigger the final oocyte maturation, which 
has significantly dropped the risks of developing OHSS. However, as mentioned 
previously, OHSS is not completely eliminated with their use. Also there is a small 
subset of patients who develop an inadequate response to the GnRH agonist trigger. 
Thus, maturation trigger with GnRH agonist still deserves further scrutiny with 
well-designed randomised controlled trials.
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Key Message 

	1.	 The GnRH antagonist protocol is the first treatment of choice for oocyte 
cryopreservation

	2.	 The use of GnRH agonist for trigger in a GnRH antagonist cycle dramatically 
reduces the risks of OHSS development; however the risk is not completely 
eliminated.

	3.	 Caution is needed with regard to the suboptimal response after the GnRH agonist 
trigger.

	4.	 Further studies concerning oncological risks of ovarian stimulation are urgently 
needed.
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Chapter 12
Procreative Procrastination: The Ethics 
of Postponed Parenthood

Daniela Cutas, Anna Smajdor, and Kristien Hens

�Introduction

Twelve year old girls “should be taught in school that the ‘optimal age’ to start a 
family is in their late twenties” [1]. To expect to be able to postpone reproduction is 
“to bring cold-hearted calculation into an experience that should result from a burn-
ing desire” [2]. “You can’t botox your ovaries (…) The problem we have is that 
women on the outside are shiny, young and youthful and on the inside their ovaries 
know exactly what it says on their birth certificate” [3]. “Beauty is ageless. Fertility 
is not” [4]. “Immature men are leaving it too late to have children” [5].

Statements such as these abound in the media and variations of them can be 
found in medical advice and public health pronouncements [6]. Nevertheless the 
phenomenon of reproductive postponement appears to be continuing unabated. 
Across the Western world, the age at which women give birth to their first child 
has been increasing steadily. In the EU it is now 30.4 [7] (Chap. 2). Similar trends 
have been reported in the US [8]. This has attracted critical attention, as illus-
trated in the selection of comments given above. The anxiety surrounding older 
motherhood is based partly on concerns about increased risks for mothers and 
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offspring. Delayed reproduction is riskier than reproduction at the biologically 
optimal time and health risks involved can affect both mothers and children. 
Delayed reproduction also carries costs for healthcare providers. These costs 
relate in part to the greater health needs of older mothers and their offspring, but 
also to the greater demand for fertility treatments that occurs when people who 
are ready to have children find they can no longer do so without medical assis-
tance (Chap. 3).

The trend towards later motherhood is commonly attributed to a failure on the 
part of women to take steps to become parents early in life, leading to later age at 
first time motherhood, and increased likelihood of fertility problems. Hence, it is 
believed that this constitutes postponement, or even “procrastination” [2]. However, 
in this chapter we raise a number of questions about the relationship between 
increasing age of first time mothers and the factors that give rise to this. Are people 
(women) really procrastinating? And if so, what should be done about it—if any-
thing? We will show that procreative procrastination is best recognized as a symp-
tom of larger and more complex social developments rather than as an isolated 
phenomenon for which individual women are primarily responsible. The phenom-
enon of delayed parenthood is taking place in a context of other social, demographic, 
and medical changes. Because of this, many of the current or suggested strategies 
for changing women’s behaviour are likely to be inadequate.

�Do Women Postpone and if So, Why?

Societies in which delayed parenthood is prevalent have adopted various strategies 
to try to reverse the upward trend in maternal age, and we will discuss some of these 
in a later section. But the first question to tackle should perhaps be whether women 
really are postponing parenthood, and how it comes about that they increasingly 
have children at an ‘advanced maternal age’ rather than earlier in their lives [9]. Our 
argument here is that some of the negative implications concerning individual 
choices or failures, which are suggested by terms such as ‘postpone’ or ‘delay’ are 
untenable. If we believe that women are foolishly, ignorantly or lazily making 
reproductive decisions that harm themselves, their offspring, and society, we might 
well regard this as amounting to procrastination. However, if young women do not 
perceive themselves to have the kind of agency required to become parents earlier 
in life, the negative terms seem less justified. A woman who seeks to become a 
mother for the first time at 42 may have procrastinated. But the mere fact of her 
being 42 and a first time mother does not in itself justify our concluding this. There 
are many other factors to take into consideration.

Procrastination, postponement, and delay, are words that are loaded with mean-
ing. Ordinarily, they would imply that the women who seek to reproduce later in life 
(a) knew from some younger age that they wanted to have children and (b) despite 
being able to have them earlier, they left it until later. This would be thus the same 
kind of procrastination/postponement that we can see in people who put off going 
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to the dentist, or making a will. There is no good reason not to do so now but they 
nevertheless delay it. We can contrast this with the example of a person who wants 
to learn to drive. She knows from a young age that she wants to learn, but cannot do 
so today because she cannot afford driving lessons. We can imagine another case 
where someone leaves school and immediately goes into work. As decades pass, he 
finds himself interested in seeking further education—a wish that he hadn’t previ-
ously had.

In both of these latter cases, it would seem problematic to suggest that the person 
had postponed or procrastinated. We might say in the first case, however, that the 
person should have prioritised things differently. Perhaps she should have diverted 
money towards driving lessons instead of other things. And in the second instance, 
perhaps we would want to say that the person should have considered whether he 
might at some stage want to go to college, or even that he should have had the desire 
to do so when younger. However, both of these examples show that the questions are 
complex and normatively loaded. If we think someone should prioritise differently, 
it suggests that there are competing values at stake. If we don’t know what these are, 
we may have an incomplete view of the picture, and are likely to fail when we tell 
the person they should choose differently. If we think someone should act on a 
desire they don’t yet have, it suggests that some desires are intrinsically more impor-
tant than others. As we will go on to show, elements of this kind of value judgement 
are deeply imbued in the delayed motherhood discourse.

So are young women who do not have children like the people who put off going 
to the dentist, or more like the other two examples? We will consider the education 
example first. In this case, the man did not develop the desire to pursue further edu-
cation until later in life. Similarly, not all women feel sure that they do or will want 
to have a child while they are young. Some women may think they do, perhaps 
while they are still children themselves, but might change their view later. Others 
will find that the wish to become a parent fluctuates or perhaps never materialises at 
all until they are deemed to be of ‘advanced maternal age’. For others, the wish to 
have a child may depend on many factors (economic stability, career attainment, 
educational achievement, relationship status, accommodation situation), many of 
which will be beyond the woman’s control. These cases match more closely the 
example of the woman who cannot afford to learn to drive even though she would 
like to. In neither case is it clear that postponement or procrastination are appropri-
ate descriptions of what is happening.

Additionally, part of the seriousness of reproductive decisions is their life-
changing potential. Because of this, a woman’s wish for a child at time X is not in 
itself a very secure moral basis on which to become pregnant. Recognising this, 
even if a young woman does wish for a child today, but fails to have one, it might 
not be appropriate to view this as postponement or procrastination. In the paradig-
matic examples given above, a person puts off going to the dentist or making a will 
for no good reason. If pressed, they would admit that this is the case. This is pre-
cisely the point about delaying, postponing or procrastinating.

In the context of reproduction, the ‘no good reason’ clause seems harder to sub-
stantiate. After all, we are subject to many variable and fluctuating desires; we can-
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not and should not act on each desire as soon as it emerges. Instead, we have to 
evaluate and test our desires, including our reproductive aspirations, against our 
other interests and priorities. This is what our societies and our schools try to 
emphasise during our formative years. Rather than evidencing irresponsibility, 
immaturity or lack of information, a reluctance to act immediately on the basis of a 
desire may on the contrary demonstrate the exercise of our autonomy [10]. That one 
has to choose between desires may be unfortunate but it may also be ultimately 
necessary however society is organised.

However, it may still be the case that women are to be criticised for not forming 
desires that they should have. Reproduction is commonly regarded as a natural aspi-
ration for people in general, especially women. However, in the context of the wider 
variety of opportunities open to modern women, not all women view reproduction 
as an inexorable part of their lives. In the past, few women had control over the 
number or timing of their offspring. They were at the mercy of their own biology 
and of men. Only in recent decades has this changed for Western women, so that 
reproduction is no longer a given, but is only one among several possibilities. 
Moreover, contraception is so strongly normalised in our societies now that an 
unplanned pregnancy is in itself regarded as a moral failure and a public health 
problem. It is important here to acknowledge how significant this change is. To the 
degree that they can effectively control their reproduction, women will not become 
mothers unless they make a conscious decision to do so.

Making this conscious decision may not be as easy as is popularly thought. The 
physical, economic and social impact of pregnancy, childbirth, and motherhood, 
remain formidable. Those who do come to the decision that they want to have chil-
dren may only reach this point once their most fertile years are over. In view of this, 
it makes no sense to construe a failure to conceive a child in any particular year as a 
decision to postpone: “Not deciding to have a child is not logically, morally, or 
experientially the same as deciding not to have a child” [11].

In short, the language of delay and postponement suggests that women are mak-
ing conscious, discrete decisions to have children later in life rather than earlier. 
However, the question, insofar as there is any conscious consideration of it, is not 
only and always when but also whether. This challenges the legitimacy of the post-
ponement discourse. It also calls into question the efficacy of many of the strategies 
that are being proposed to deal with the problem of postponed parenthood—such as 
educating women to reproduce at a younger age, improving social and working 
conditions to make things easier for working parents, or using technological solu-
tions such as egg freezing.

Finally, recent surveys of young people indicate their high and increasing vulner-
ability to economic hardship and difficulties making ends meet in terms of employ-
ment, pay, housing, health, wellbeing, confidence, and so on (see e.g. [12]). Youth 
unemployment rates are higher (in some countries, double) than those of older ages, 
and women are more vulnerable than men [13]. In these circumstances, it is unreal-
istic to expect young people to prioritise their reproductive aspirations over other 
areas of importance in their lives.
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In summary, while the trend towards later motherhood is commonly taken to 
imply postponement, delay or procrastination, the truth is not as simple as this. 
Women who do wish to have children young are not always able to do so without 
making considerable sacrifices, e.g. foregoing financial security, or educational 
advancement, embarking on reproduction without a partner, etc. Women who do not 
form the wish to have children until they are older also cannot be said to have 
delayed, postponed or procrastinated, since they could not have known whether the 
wish to become a mother would in fact develop. Those who argue against postpone-
ment therefore would need to think, in the first case, about changing circumstances 
to allow younger women to reproduce. However, in the second case, it seems that 
the aim is to make women want babies while younger.

�Risk

One justification for trying to influence women’s reproductive wishes might be to 
avoid the risks involved in later reproduction. Here, we address the risks of subfer-
tility and the increased medical risks for mothers and children. It is well established 
that women who wish to become mothers after a certain age are likely to face greater 
difficulties in realising this desire. With the menopause, natural conception becomes 
impossible. While men do not face such a dramatic cut-off in their fertility, it is 
nevertheless the case that older men also face reduced chances of natural concep-
tion, and that when both parties are beyond their optimally fertile years, their hopes 
of parenthood may be thwarted. Treatments such as IVF may help such people 
overcome age related subfertility. However these treatments in themselves carry 
medical risks, especially for women, who tend to be the ones to undergo the invasive 
procedures, even where fertility problems are associated with the male partner. For 
a woman who does achieve a pregnancy later in life, the risks of conditions such as 
pre-eclampsia and gestational diabetes [14] are elevated. Delivery for older mothers 
is also riskier and the likelihood of caesarean section higher. Childbirth takes a toll 
on mothers of any age, but with existing age related co-morbidities, this is 
exacerbated.

Although we do not dispute these increased risks it is not clear how or whether 
they should affect women’s reproductive behaviour. Even during women’s most 
fertile years, gestation and childbirth can have significant negative impacts on their 
health. Women who want to avoid risks related to reproduction would do better to 
avoid pregnancy altogether. For example, studies suggest that a woman is more 
likely to die in childbirth than from an abortion [15]. If she avoids pregnancy 
entirely, she faces neither of these risks [16]. Given that the woman of advanced 
maternal age is choosing not between earlier motherhood and later motherhood, but 
between later motherhood and childlessness, the fact that reproduction is riskier 
than it might have been had she had a child earlier is of limited significance for her 
decision.
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Risks to children, however, might be regarded as being more significant. A 
woman may accept certain risks for herself, but what about her moral responsibil-
ity for deciding to inflict these choices on her child? It has been established that 
after the age of 35, the quality of a woman’s oocytes decreases and that children of 
older mothers are more likely to be born with conditions such as Down syndrome 
[18]. It has also been suggested that children born apparently healthy to older 
mothers are more likely to develop a number of health conditions including child-
hood cancer [19].

However, difficulties arise in attempting to move from the acknowledgement of 
such risks, to the conclusion that they should be avoided by preventing the birth of 
children with these conditions. The potential child of an older mother cannot be 
benefited by preventing her mother from conceiving her. Nor is it possible to argue 
that the child is harmed by being brought into existence [20]. Even if, all things 
considered, it might have been better if the woman had had a child earlier in life, 
that potential child of the younger woman does not, and never will exist. Aside from 
this, there are many other complexities related to this question of harm to offspring. 
For example, studies suggest that IVF itself is associated with increased medical 
risks for offspring—regardless of parental age [21, 22]. According to a recent study, 
children born with the help of fertility treatments are at a higher risk of birth defects 
[23]. Therefore, it might seem that if risk to offspring is the primary concern, rather 
than worrying about maternal age in particular, we should be arguing against the use 
of fertility treatments in general.

�How About the Men?

When it comes to reproduction, women are still the main focus of attention of policy 
makers and fertility specialists alike although, as some studies suggest, 40–50% of 
fertility problems in couples can be attributed to male factors [24]. This seems to 
operate on a number of different levels. When reproducing at a later age, women are 
often considered selfish [25, 26]. Fathers, even well in their sixties, are far less con-
fronted with such critiques [11]. Furthermore, men feature highly amongst reasons 
why women “postpone” parenthood. The strong expectation that parenthood should 
be pursued as a couple, together with the difficulty of finding a partner with whom 
to parent, as well as men’s own “postponement”, are the main reasons invoked by 
some women as important factors in feeling ready to become a parent [27]. These 
findings are supported by a host of earlier studies [28]. Such accounts challenge the 
“career woman” stereotype whilst at the same time drawing attention to the impor-
tance of men’s role in women’s “postponement”.

It is often stated that a woman well in her forties may be unable to deal with the 
broken nights a new-born baby brings, at least far less able than a younger woman 
[29]. Yet few people raise these objections about men in their forties becoming 
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fathers. The focus on women may suggest that women, more than men, are in need 
of protection against certain choices, both medically and regarding the ability to put 
up with broken nights and the general burdens of child rearing. It may suggest that 
they are too emotionally involved in wanting to have children, and this may cloud 
their sound judgement regarding what is best for themselves and any children they 
may have.

This suggests a paternalistic outlook as well as one that tends to further entrench 
assumptions about women as the sole or primary carer for offspring. However, a 
part of the context of later childbearing is the fact that relationship expectations 
have changed in the last decades, as have standards of gender equality and financial 
independence. Increasingly throughout the Western world, fathers are expected and 
expect to be active parents, sharing in the care of their children [30]. This is likely 
to contribute to men becoming more interested in the timing and circumstances in 
which they become parents.

While there is a marked emphasis on risks to women and risks transmitted by 
women to offspring, the role of men is seldom discussed in the media and in the 
literature. This might be taken to suggest that it is only the mother’s age that is 
potentially damaging to offspring. The fact that chromosomal abnormalities such as 
trisomy-21 are more common in offspring of older mothers has led to the develop-
ment of prenatal testing techniques such as chorionic villus sampling, amniocente-
sis and non-invasive prenatal testing (NIPT). For some time the granularity of 
genomic techniques has only allowed for the detection of abnormalities at the level 
of the chromosomes. But now that these techniques allow for much more fine-
grained screening, it is becoming increasingly evident that paternal age also has an 
impact on the health of future offspring as well as on fertility. 

An over-emphasis on women’s roles and responsibilities with regard to repro-
duction is unfair to both men and women as it obfuscates the fact that sperm is still 
needed to reproduce, and that male fertility declines with age as well. As we will see 
in the next section, it has been suggested that girls should be educated to think about 
age-related fertility decline and to plan their reproductive futures. This however 
may be just as important for men, for whom this uncomfortable truth may hit even 
harder when they do feel they are mature enough to procreate: many men experi-
ence stigma and taboo surrounding their own infertility [31].

Aside from the risks of reduced fertility through paternal age, it has been known 
for some time that the sperm of older fathers is more likely to contain genetic muta-
tions such as those that cause achondroplasia or Apert syndrome [32, 33]. More 
recently, it has emerged that epigenetic changes in primordial germ cells that accu-
mulate over a man’s lifetime may be passed over to the sperm, and may contribute 
to the development of conditions such as asthma [34, 35]. The Svanes study found 
that paternal smoking, even long before conception, affects the likelihood that a 
child will develop asthma. Interestingly, they did not find a similar effect in women 
who smoked before conception [35]. The interplay between paternal and maternal 
factors is as of yet poorly understood [34]. How this information should be dealt 
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with or communicated to potential future parents is yet to be determined, but an 
approach that points solely to the woman as the main locus of responsibility is inad-
equate and insufficient.

There is also a broader question here about the direction of research. As we have 
seen, it is only recently that paternal influences have come to be recognized. Can it 
be that in the race to identify, measure and control maternal risks, we have failed 
adequately to make ourselves aware of those pertaining to fathers? If so, this is one 
instance of the way in which normatively loaded assumptions about gender and 
responsibility actually determine the path of scientific discovery. This can have the 
effect of becoming a self-fulfilling prophecy. If we only look for maternal risk, we 
acquire less evidence for the effect of paternal age on offspring. It is vital to bear this 
in mind when investigating further aspects of reproductive ageing so as to redress 
the distorted picture that otherwise emerges.

�Education

In the media as well as in the literature it has been pointed out that young women 
and men are often unaware of the extent to which postponing reproduction may 
decrease their chance of becoming parents at all. They tend to overestimate their 
likelihood of successful reproduction as well as likely outcomes of IVF treat-
ments [36, 37]. In this context, it has been suggested that sex education classes 
in schools should broaden their focus beyond preventing teenage pregnancy and 
sexually transmitted diseases, to encourage school girls to reflect on their repro-
ductive aspirations when they are still young [38]. A leading UK fertility expert 
has been quoted as urging that girls as young as 9 years old should be learning 
about the risks of reproductive postponement [39]. The aim here seems to be 
that these girls will prioritise reproduction at younger ages as a result of these 
classes.

Clearly, being informed about one’s reproductive potential is a good thing. 
However, the idea of focusing educational strategies on young girls raises many 
additional questions: is it feasible to expect a girl of 9 or 15 or 17 to make sense 
of these messages, while she remains uncertain about so many other aspects of her 
future life, such as her relationship status or employment? To urge girls to think 
about their reproductive aspirations at the same time as they are being (in many 
Western societies) sternly advised to avoid teenage pregnancy at all costs is to 
send conflicting messages. At best, it seems that these information strategies could 
be confusing for those they are aimed at. At worst, it might appear that their repro-
ductive lives are subject to ever increasing attention, control, and censure. Aside 
from these questions, there are problems related to the fact that it is girls who are 
most often the target of the early reproduction messages. Babies are made by men 
as well as women, yet women are treated as though they are the sole reproductive 
decision-makers, and are held solely responsible for the demographic shifts in 
reproductive age.
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As we noted above, men also have a role to play in the drift towards later repro-
duction. It is not as though, while mothers have grown older, fathers have stayed 
young. Ageing fathers are also at risk of subfertility and their offspring are also at 
increased risk of medical conditions. Given this, it seems odd, and perhaps unjust, 
to tell young girls to reproduce earlier (though not too early), without saying any-
thing at all to their male classmates. Boys also need to understand why earlier repro-
duction might be a good thing for themselves, their partners, their offspring, or for 
society more generally.

Educational campaigns aimed at young adults are not necessarily a simple solu-
tion either. A recent campaign initiated by the Italian government included posters 
warning young women that it is easier to preserve their beauty than their fertility 
and pointing out that young people can best be creative by becoming parents and 
that fertility is a common good. These messages have been met with significant 
opprobrium both in Italy and internationally [40]. An aggravating factor in this cam-
paign was its failure to acknowledge and address the reasons why parenthood is 
frequently postponed or avoided altogether in Italy, and which include economic 
hardships and high unemployment rates. Clearly, whatever measures are taken to 
reverse the trend of later parenthood and declining fertility rates, they have to be 
balanced against other socio-economic forces that sustain this trend.

A further important point to mention here with regard to education is that unless 
policy makers understand the values that people hold, their efforts to change repro-
ductive decision-making are unlikely to succeed. A good example of this is shown 
in the case of single embryo transfer. A study published in 2007 noted that “women 
waiting for IVF treatment would prefer to give birth to a child with a chronic dis-
ability than never give birth at all” [41]. This study was published at the time when 
women and fertility clinics were being urged to accept single-embryo-transfer, in 
order to avoid the risks associated with multiple pregnancies. It was widely assumed 
that patients continued to accept multiple embryo transfer simply in ignorance of 
the elevated risks. However, it became increasingly evident that this was not the 
case. When prospective patients were educated about the risks, they continued to 
welcome the possibility of multiple pregnancy. For them, the value of a pregnancy, 
even a medically complicated one; of a baby, even one with a disability, outweighed 
the greater risk of failing to achieve a pregnancy at all.

There are many parallels between the single embryo transfer debate and the 
‘postponement’ debate. In both cases, there was an assumption that people’s behav-
iour is based simply on lack of information, and a corresponding assumption that 
the avoidance of medical risk is the sole or primary concern that motivates or should 
motivate people in their reproductive choices. However, as Scotland et al. observe, 
even if policy-makers take certain outcomes to be intrinsically bad, unless the peo-
ple whose behaviour is expected to change also share this value, educational cam-
paigns are doomed to failure [41].

In sum, while greater knowledge about one’s fertility is a worthy goal, it is 
unlikely that education is the solution to postponed motherhood. In some respects, 
it would be strange if this turned out to be the case given that higher educational 
status is a significant factor associated with postponement [42–44]. That is, the 
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more years of education one has, the fewer children one has, and the later in life one 
has them. This has implications for the way in which the problem of reproductive 
postponement is tackled. If we regard postponement as a poor decision resulting 
from ignorance, it seems paradoxical that it is the most educated women in our 
societies who are making the most ignorant reproductive decisions.

�Technological Solutions

If education—whether of young children or adults, men or women—is unlikely to 
change the upward trend in reproductive age, another possibility is to accept the 
phenomenon, and use our medical and technological skills to mitigate the decline in 
fertility levels. States that are concerned about low fertility may have a reason to 
consider funding technologies that would allow for a more flexible approach to 
reproduction. Standard IVF can help with some age-related subfertility problems; 
however for patients who no longer have viable gametes, this may not enable them 
to have offspring genetically related to themselves.

Another possibility would be to encourage people to take fertility preservation 
measures while they are still young enough to produce healthy gametes. Stoop et al. 
have characterized oocyte banking as a ‘preventive intervention’ [45]. Viewed in 
this way, one could argue that states and healthcare providers have good reason to 
facilitate such techniques as a matter of public health policy. Where such preventive 
measures have been undertaken, the chances of a successful pregnancy may be sig-
nificantly increased. Data shows that it is the age of the egg rather than the gesta-
tional uterus that adversely impacts success rates for IVF [46, 47]. In one sense, 
then, the risk of subfertility or infertility is a contingent one. There is no absolute 
cut-off point beyond which a woman cannot carry a pregnancy. If they can obtain 
‘young’ oocytes (whether their own or from a donor), the fact that they are of 
‘advanced maternal age’ need not prevent women from becoming mothers. (In 
Chap. 13, Mertes discusses in depth the ethics of oocyte freezing.)

While the discourse of ‘social freezing’ has dominated the media in recent years, 
it is equally plausible that sperm could and should be pre-emptively frozen. Ovarian 
or testicular tissue likewise could be preserved for later use. These techniques, apart 
from offering future options for people who do not currently feel able to reproduce, 
can circumvent some of the risks involved in using ageing gametes, if the procedure 
is undertaken while the potential parent is still young.

However, if states or healthcare providers (or employers as in the case of 
Facebook and Apple) provide gamete freezing for employees, this seems to encour-
age postponement of reproduction. This runs counter to the education and medical 
exhortations that aim to persuade people (especially women) not to postpone. It 
seems that any concerted strategy carries with it some implicit normative weighting. 
Currently, women are receiving the message that it is not wise to postpone. Yet 
many do so nevertheless. If gamete freezing becomes more widely accepted, like-
wise we have an underlying normative message that postponement is acceptable or 
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even commendable. How should we evaluate the impact that this might have on 
women who prefer to have their children while young? Would they feel pressure to 
freeze their eggs, and to postpone reproduction against their own inclinations?

There is not scope here to dig very deeply into the ethics of coercion generally. 
However, it is important to note that women are already subjected to a variety of 
explicitly and implicitly normative messages against postponement. Therefore, if 
there is an ethical problem involved in attempting to manipulate women’s 
reproductive decisions, simply opting to discourage postponement is not a solution 
to the problem. The normative loading is there in either case.

�Does Later Reproduction Have Any Benefits?

We have focussed so far on the problems associated with delayed parenthood. 
However, there may also be advantages that need to be considered too. People do 
not reproduce just to create babies in the best of ways, but to fulfil their ideas about 
what makes life meaningful [48]. Thus, the timing of reproduction is likely to be 
affected by other elements in parents’ perception of a meaningful life. A specific 
aspect of older mothers’ discourse is the concept of ‘being ready’ [49]. This feeling 
of readiness is contingent not on uniquely biological or medical concerns, but on a 
variety of psychological, social and economic factors, which may include educa-
tion, employment and feeling mature enough to become a parent.

Becoming a mother between the ages of 30 and 39 has been found to result in 
better cognitive and behavioural scores for children than doing so at age 23–29 [50, 
51]. Women who have children after the age of 35 are statistically more likely to be 
well educated and to be in employment ([52]: 109). They are more likely than 
younger mothers to access prenatal care early in their pregnancy, to pursue a 
healthy lifestyle [53], to breastfeed, and less likely to smoke during the perinatal 
period [54].

Some women and men who became parents after the age of 40 list “careers with 
financial security and career-time flexibility, enhanced emotional preparedness, 
committed co-parenting relationships and a positive overall family experience” as 
advantages of having delayed childbearing [55]. Another study found that children 
of women aged 40 had a lower risk of unintentional injuries as well as better lan-
guage development scores than those of women aged 20 [56]. Children of older 
parents are less likely to be subjected to harsh or aggressive parental discipline, and 
have fewer behavioural problems [57].

It has also been suggested that having children after 40 may be positively associ-
ated with long-term offspring outcomes, and this macro-level trend may outweigh 
individual-level risks of postponing. According to one study, “in a regime character-
ized by improving social conditions, postponing parenthood is beneficial for chil-
dren even when the individual maternal ageing-related effects might be negative” 
([58]: 73). These benefits include an increased likelihood to complete higher educa-
tion and to perform better in school.
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Thus, “postponement” may bring both medical and non-medical benefits not 
only for parents, but also for children and society at large. “Postponed” parenthood 
is therefore not straightforwardly a problem, and focusing on its disadvantages 
only—especially the medical disadvantages—risks brushing over its benefits. 
Moreover, it may be that in some respects delayed reproduction is a logical corol-
lary of other aspects of our lives, such as the increasing length of childhood, and the 
high value we ascribe to education. As our lifespans increase, the stretch of time 
during which we regard ourselves as being young likewise extends. At some stage 
we have to ask ourselves whether we want our children to become parents while 
they are still learning how to be adults themselves.

�Neoteny

The phenomenon of extended childhood merits further attention in this context as it 
may help to shed some light on how we should respond to the mismatch between 
biological and psycho-social imperatives in our reproductive lives. In some species, 
adults retain juvenile features. For example, dogs are considered neotenic, as they 
retain playful behaviour throughout their adult life. Humans are also considered a 
neotenic species, as they retain juvenile features such as a relatively large head in 
comparison with the rest of their body, a characteristic that is typical for juvenile 
mammals.

Although human neoteny is often conceived as the retention of (external) juve-
nile characteristics, the idea could perhaps also be used to illustrate the tendency 
that our reproductive system is more and more out of tune with our psychological 
readiness to start a family. Girls in the Western world experience menarche earlier 
than was the case 150 years ago [59]. At the same time, life expectancy has increased 
dramatically in the last decades, and women tend to live longer than men. A woman 
living in France who has a child at 40 can realistically expect to live for another 
45  years [60]. Moreover, the age at which biological fertility in both men and 
women is at its peak may be out of tune with the psychological feeling of being 
mature enough or ready to become a parent, as well as with the best timing from a 
social and economic perspective. It may be that it is our own biology that is incon-
venient, rather than the rest of our life course [55].

Even if external factors such as the length of education and job insecurity early 
in life are corrected for, it is possible that this feeling of being not-yet-ready will 
remain. If so many people only feel mature enough to raise children well past the 
biologically most optimal time, and if our reproductive system is becoming more 
and more atavistic, this has far reaching consequences for how we conceive of the 
distinction between social and medical reasons for preserving fertility. In some 
cases, technological solutions may be the most realistic option to correct for this 
conflict: and thus what has been called “social” reasons for preserving fertility may 
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increasingly become one of the indications for mitigating the costs of this 
mismatch.

�Conclusion

The idea that women postpone reproduction has gained some traction in recent years. 
In this chapter we showed that this perspective omits important parts of the picture. A 
focus on women’s role in reproduction and its postponement neglects the important 
male factor contributing to infertility and to health risks in offspring. It also denies 
men the opportunity to discuss their fears regarding their own reproductive potential. 
Furthermore, it tends to brush over important social and economic factors that also 
contribute to “postponement”. A focus on the risks to both the pregnant woman and 
her offspring neglects the fact that reproducing at a later age may have benefits as 
well. Solutions to the problems associated with later parenthood might include a 
combination of awareness raising (education), technological assistance (such as gam-
ete freezing), and social policies making it easier for people who wish to become 
parents to do so even at younger ages. A focus solely on medical risks of postponed 
parenthood can only give a truncated image of the phenomenon, its causes and pos-
sible remedies. It suggests that postponement is an individual decision pertaining to 
the prospective parent (in particular mother), and which can be corrected by inform-
ing her of its risks. This is an inaccurate representation of a complex dynamic.

As others have pointed out, there may be no right time to reproduce. Biologically 
optimal age is but one in a web of forces and contexts which may pull in different direc-
tions. We have briefly reviewed some of these in this chapter. We have also pointed out 
some problems with framing current trends of later reproduction in terms of postpone-
ment and with aiming strategies primarily or solely at girls and women.

Key Messages 

	1.	 Women tend to be singled out as uninformed postponers responsible for their 
own difficulty in becoming mothers beyond their most biologically fertile years.

	2.	 Framing later reproduction as “postponement” misrepresents or at least over 
simplifies the phenomenon of later reproduction.

	3.	 The “postponement” discourse is focused on medical risks and fails to balance 
these against other risks (such as those arising from the use of fertility treatments 
themselves) and against possible benefits of later reproduction.

	4.	 For a solution to be effective, it needs to be based on comprehensive understand-
ing of the reasons behind the phenomenon.

	5.	 To some extent, “postponement” may be the result of an atavistic reproductive 
system that cannot keep up with societal and economic changes: even with the 
best policies and educational tools in place, the wish to once again reduce the 
distance between the age of peak biological fertility and readiness to become a 
parent may be not only misdirected but also futile.
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Chapter 13
Ethical Aspects of AGE Banking

Heidi Mertes

�Introduction

Although the first healthy live birth from a frozen human egg cell dates back to 
1986, egg freezing has long been so inefficient that it was hardly considered a valid 
treatment option [1]. However, with improvements in both the slow freezing tech-
nique and ultra-rapid cooling by vitrification, oocyte cryopreservation (OC) has 
become an efficient procedure with high survival rates after thawing [2–8].

The primary application of this new technology was to bank eggs for women 
who are at risk of losing their fertility due to cancer, cancer treatment or other grave 
illnesses. However, not only cancer patients are at risk of losing their fertility, but all 
women in their late thirties are. Therefore, also for this group, OC could be benefi-
cial. However, the expansion of the option of OC for ‘medical reasons’ to OC for 
‘non-medical reasons’, ‘social reasons’ or ‘anticipated gamete exhaustion’ (AGE-
banking) [9] was not met with the same enthusiasm. In 2007, the American Society 
for Reproductive Medicine (ASRM) stated that “Oocyte cryopreservation is an 
experimental procedure that should not be offered or marketed as a means to defer 
reproductive aging, primarily because data relating to clinical outcomes are limited. 
[…] However, unlike healthy women, [women with cancer or other illnesses requir-
ing immediate treatments that seriously threaten their future fertility] may have no 
viable options and therefore may be appropriate candidates for such treatment 
despite its experimental status” [10]. The European Society for Human Reproduction 
and Embryology (ESHRE) took a similar stand: “In view of the lack of success and 
clinical applications in the case of ovarian tissue, this application should not be 
offered to women as a means to preserve their fertility potential when there is no 
immediate threat to their fertility. According to similar reasoning, oocyte freezing 
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for fertility preservation without a medical indication should not be encouraged.” 
[11]. Given the explosion of new research data in the years that followed, several 
authors have called directly upon ASRM and ESHRE for a less restrictive attitude 
[12, 13]. This resulted in a revision of the ESHRE-guidelines in 2012, now stating 
that “[i]n the light of new scientific developments, and after considering relevant 
ethical arguments […] oocyte cryopreservation to improve prospects of future child 
bearing should also be available for non-medical reasons” [14]. The ASRM, how-
ever, despite lifting the ‘experimental’ label from OC for medical purposes in 2012, 
maintained its stance that OC should not be offered for non-medical reasons due to 
a lack of data for this specific indication and due to the fact that “[m]arketing this 
technology for the purpose of deferring childbearing may give women false hope 
and encourage women to delay childbearing” [15].

In this chapter, the different arguments pro and con OC to counter age-related 
fertility decline will be presented and critically assessed. This overview will show 
that although there are no strong arguments against the principle of AGE-banking, 
the ethical concerns that are voiced in regard to the technology do point at legitimate 
concerns about the way it is/should be offered to patients. As a preliminary remark, 
please note that although safety is obviously an important ethical concern for all 
new medical technology, it will not be discussed in this chapter.

�Fundamental Objections Against AGE Banking

�The Argument from Nature

A first set of fundamental objections against AGE-banking relate to the idea that this 
technology pushes the boundaries of nature. The age at which the average woman 
becomes infertile is then not merely labelled as a biological fact, as the age at which 
women can no longer have children, but rather as the age at which women should 
no longer have children. In ethical theory, this phenomenon is known as the is-ought 
fallacy. Unless if one starts from the religious belief that everything was created for 
a clear purpose and that we live in the best of all possible worlds, the (average) natu-
ral state of things does not teach us anything about how things ought to be. This also 
implies that there is no obvious reason why medical interventions should be limited 
to preserving or restoring the natural state of things—as is done in ‘medical’ egg 
freezing—and should not be used to counter natural phenomena that have a negative 
impact on our wellbeing. It should be remarked that many illnesses are age-related, 
just as the decline in female fertility, and that many medical interventions are per-
formed to solve inconveniences that may be considered ‘normal’ if they occur at a 
certain age. In fact, not much of modern day medicine would remain, if we were to 
cancel all interventions for age-related health problems. Yet, nobody seems to be 
opposed to the treatment of Alzheimer’s disease or osteoporosis. The distinction 
between medical and non-medical egg freezing based on the idea that aging is not a 
medical problem is therefore problematic. If we have good reasons to counteract 
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infertility for women with a desire for parenthood, then it matters little what the 
cause of the pending infertility is.

Also, besides the fact that the distinction between medical and non-medical OC 
is irrelevant, it is also a false distinction in the sense that there is a grey area in 
between these two applications [9]. For instance, should women who request OC 
due to a prognosis of unexplained premature ovarian insufficiency be regarded as 
freezing for medical or non-medical reasons? Even for cancer patients, certain regi-
mens of radiation or chemotherapy will lead to immediate sterility in (reproduc-
tively speaking) older women, but not in younger women. The reasons for the 
former to store oocytes are therefore both disease-related and age-related. In this 
chapter, I will maintain the term ‘AGE banking’, which allows for a wide interpreta-
tion, although many of the objections discussed will be aimed primarily at egg 
freezing for healthy women.

�Medicalization

A related objection against AGE-banking is that it provides a medical solution for a 
problem that in essence is not a medical problem, but a societal one, namely the 
steady rise in women’s age at first childbirth (now on average between 25 and 
35 years old). This can then be attributed either to the woman herself or to the way 
the labour market is structured.

If women are held accountable for ‘delaying’ childbearing due to ‘lifestyle 
choices’, the non-medical alternative to OC is obvious and simple: women should 
reproduce earlier. This is however easier said than done. The most important reason 
for banking eggs in healthy women is the lack of a partner [16–18]. Should we thus 
encourage women to become single mothers? Should we advise them not to wait for 
Mr. Right, but go for Mr. Good Enough? Besides the most important factor of find-
ing a suitable partner to share parenthood with, several studies have found that 
women also find it increasingly important to first complete their education, have 
financial security and good housing before taking on the responsibility of parent-
hood [19, 20]. These are not trivial desires, but relevant for the wellbeing of them-
selves and their future children. Bonneux et al. [21] have therefore argued that the 
rise in the age at first childbirth is a trend that increases overall wellbeing and that 
should not be regretted in itself, even if it is regrettable that the peak of natural 
female fertility does not coincide with the moment at which women would prefer-
ably have their children.

Alternatively, rather than holding women accountable for the rising age at first 
childbirth, society might be blamed, in the sense that many women experience dif-
ficulties in starting a parental project during their reproductive lifespan due to pro-
fessional obligations. While fertility preservation can offer a solution to this problem 
once it presents itself, it does not tackle the root cause. As mentioned by Goold and 
Savulescu [22], “one might ask whether we actually help women […] by taking for 
granted their bad employment situation and offering them egg freezing to deal with 
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it“. Fertility preservation for social reasons is then a type of unnecessary medical-
ization of society that can be avoided by creating a better social climate for working 
mothers. However, societal change takes time. While we might attempt to tackle the 
(hypothetical) root cause of delayed childbearing by making it easier for young 
parents (both women and men) to combine personal and professional responsibili-
ties, this is unfortunately not a solution for women who are in their late thirties and 
involuntarily childless today. Therefore, long term solutions to the benefit of future 
generations should not prevent us from offering practical solutions to the present 
generation [23, 24]. Moreover, keeping in mind that lack of a partner is the primary 
reason to request AGE banking, we should be sceptical that reforms in the labour 
market will reduce the demand for AGE banking. At the same time, we should 
remain vigilant that the option of AGE banking is not invoked as an excuse to invest 
less in reforms in the labour marked that enable a better combination of professional 
and parental obligations.

�A Negative Impact on Society

Related to the argument that women’s employment situation does not allow them to 
reproduce at a young age, there is a concern that the offer of AGE banking will 
increase the pressure on women to invest in their careers while they are young at the 
expense of pursuing parenthood. This concern became especially convincing when 
Facebook and Apple announced that they would start offering OC to their female 
employees. As argued elsewhere, even if AGE banking in itself may not be ethically 
problematic, the offer by employers is [25]. For such a policy to be implemented 
with respect for women’s reproductive autonomy, a substantial number of condi-
tions need to be fulfilled, which can be reduced to three categories: (1) women 
should understand the benefits, risks and limitations, (2) women should feel no pres-
sure to take up the offer; (3) the offer should have no negative effect on other family-
friendly policies and should in fact be accompanied by such policies. Fulfilling 
these conditions may turn out to be impossible. Thus, regardless of companies’ 
possible good intentions, women’s reproductive autonomy is not well served by 
offering them company-sponsored AGE banking.

Another concern is that the offer of AGE-banking may cause an increase in the 
average age at which women become mothers. Although this effect is possible, there 
are various reasons why it is unlikely that this effect would be significant. First, the 
number of women opting to bank oocytes is likely to remain a small fraction of all 
women desiring to become mothers, as the procedure requires a substantial physical 
and financial effort. Second, it is wrong to assume that these women make a choice 
between reproducing ‘now’ or reproducing a couple of years later. For many of the 
women opting for AGE banking, reproducing at the moment of freezing is not an 
option (due to lack of a partner, as mentioned). The more likely alternatives are thus 
either not reproducing at all, or reproducing via donor oocytes. Third, women who 
bank oocytes on average do so in their late thirties and on average consider the 
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maximum age to use the oocytes below 44 years [26]. This means that even for the 
small fraction of women who would consider a pregnancy at the time of freezing if 
AGE banking were not available, motherhood is only ‘deferred’ for about 5 years. 
In conclusion, the most likely effect of offering fertility preservation to healthy 
women is not a decline in the number of young mothers but a small incline in the 
number of older mothers. Whether an increase in the age of mothers is problematic 
in itself, is discussed in Chap. 12.

�Fundamental Arguments for AGE Banking

�Gender Equality

An argument in favour of AGE banking is that this intervention is emancipatory in 
nature as it can fix the factual discrimination between men and women in regard to 
their reproductive lifespan: if men are able to conceive children at an advanced age, 
then women should have the same liberty. This is again an example of the is-ought-
fallacy. The mere biological fact that a 70-year old man is capable of conceiving 
children, says nothing about the moral reasons for (not) doing so. However, as 
reproductive freedom is highly valued in our society, we do not impose forced ster-
ilization on men above a certain age. Reproduction at an advanced age is thus a 
liberty right, but that does not mean that it is also a claim right. That means that if 
an infertile senior citizen (male or female) applies for IVF treatment, it may not be 
granted based on considerations regarding the welfare of the future child. Given the 
fact that pregnancy complications are an additional concern in the case of women, a 
lower cut-off age in ART for women than for men may be justified.

�Reproductive Autonomy

The main argument for AGE banking is that it increases reproductive autonomy. 
Due to this new technology, women are theoretically able to extend their reproduc-
tive lifespan and are thus less dependent on donor oocytes if they wish to reproduce 
at an age at which their ovarian reserves are depleted (see below). As mentioned 
above, the age at which women desire to have children rises and not all women suc-
ceed in finding a partner with whom to share parenthood before the decline of their 
fertility. When single, childless women reach their late thirties and still want to 
become mothers, they—unlike men—are under pressure to find a partner fast and 
embark on parenthood with that new partner fast, or resort to single parenthood. 
AGE banking can relieve women of this pressure by offering them a couple more 
years to find a suitable partner, thus allowing for more autonomous choices. Caveats 
are that only a limited number of oocytes can be banked, so that a pregnancy—let 
alone a live birth—can certainly not be guaranteed and that women still face legal 
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restrictions on the age until which they can use their banked oocytes to (try to) 
establish a pregnancy.

An absolute prerequisite for AGE banking to positively influence reproductive 
autonomy is that women receive correct information about the possibilities and 
limitations. The overly optimistic portrayal of AGE banking as ‘insurance against 
infertility’ or as a means to defer childbearing while retaining fertility misguides 
women about the limitations. If a woman with a very strong desire for parenthood 
would defer childbearing relying on banked oocytes and subsequently fails to 
achieve a pregnancy with those banked oocytes, her reproductive autonomy was 
very ill-served by AGE banking.

�Psychological Benefit

Linked to reproductive autonomy and the pressure on finding a suitable partner 
when a woman approaches the end of her reproductive lifespan is the observation 
that women may not only derive a clinical benefit (the chance of conceiving a child), 
but also a psychological benefit from knowing that there is still ‘a chance’ for her to 
have children, regardless of whether she ever actually uses her stored eggs. Research 
by Stoop et  al. [26] shows that even women who have banked oocytes but have 
never used them or no longer envisage using them do not regret their decision to 
bank and would do so again in similar circumstances. Also, some women decide a 
couple of years after banking that they will embark on single parenthood although 
their preferential life plan involved building a family with a partner. Banking then 
allowed them some extra time to consider the option of single parenthood without 
Damocles’ sword hanging above their heads.

�Self-donation

A strong argument for allowing AGE banking is that it is in fact a form of oocyte 
donation which does not involve a third party [13, 27]. If a woman is currently 
unable to conceive due to a depletion of her ovarian reserve, she can establish a 
pregnancy with donor oocytes, but there are some drawbacks to this option. First, 
the resulting child will not have a genetic connection with the mother. Although this 
is not necessarily problematic, it is a suboptimal option for many people, either 
because they identify parenthood with genetic parenthood (or at least presuppose 
that one is ‘more’ of a parent when there is a genetic connection) or because they 
fear a disruption of their family unit if the donor would claim a role or if the child 
would regard the donor as the ‘real’ mother [28]. Second, oocyte donation requires 
that a healthy woman is subjected to ovarian stimulation and oocyte retrieval. These 
are unpleasant and time-consuming procedures with (limited) risks involved, which 
hold no benefit for the woman who is subjected to these risks. Both donor 
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anonymity and open identity donation are potentially problematic for the donor, in 
the former case because she might want to know the person resulting from her dona-
tion, in the latter case because she might not want to be contacted by that person. As 
we currently allow donor conception despite these drawbacks, it would be inconsis-
tent not to allow a woman to donate oocytes to her future self. In this case the 
genetic link is maintained and the person subjected to the risks of ovarian stimula-
tion is the same person as the one who reaps the benefit of (potential) parenthood. 
The only dissimilarity that might be invoked to justify a different approach is that in 
the case of ‘regular’ oocyte donation, the need for a donor oocyte is present, whereas 
when a woman decides to bank oocytes for future use, she can never be certain that 
there will ever be an actual need. Therefore, the effort might be in vain.

�Concerns About Improper Introduction into the Clinic

�Utility

The major problem for AGE banking is that in many cases, it will be a medical 
intervention without clinical benefit. Few women will mimic the best case sce-
nario—which is the one that commercial companies offering AGE banking are most 
likely to highlight—in which women between 30 and 35 realise that they will not be 
in ideal circumstances to reproduce in the coming years, store their oocytes, then 
meet Mr. Right, build up a stable relationship and come back to the clinic to use 
their oocytes around age 40 (when their ovarian reserve is depleted), establish a 
pregnancy and become mothers. If women bank their oocytes at a younger age, the 
quality of these oocytes—and therefore the chance to achieve a healthy live birth—
is better, but then there is a large chance that they will never return to use them, as 
there is still a big chance that they will be able to reproduce naturally during their 
reproductive lifespan. If women bank their oocytes at an older age, there is a larger 
chance that they might need them (in the sense that their window of opportunity for 
natural reproduction is about to close), but the odds of achieving a live birth are a lot 
smaller as the quality of the oocytes will be a lot poorer [29]. In practice, it turns out 
that most ‘AGE bankers’ correspond more to the latter category. Women do not 
proactively freeze eggs during their twenties or early thirties in a well thought-out 
plan of achieving their career goals first and focussing on parenthood later. Instead, 
women turn to AGE banking as a last resort. This also means that many women 
present themselves at the clinic at a moment when the intervention can bring little 
benefit for them because ovarian stimulation may only yield a couple of bad quality 
oocytes which are unlikely to lead to a viable pregnancy.

Although it is too early to draw any definitive conclusions, preliminary studies 
indicate that the eventual utility of the procedure may indeed be low. For example, 
Garcia-Velasco et  al. [30] report that from 560 non-oncological patients bank-
ing oocytes between 2007 and 2012, only 30 had returned for treatment in 2013 
and of those 30 there were 5 live births and 8 on-going pregnancies at the time 
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of publication. In a study by Stoop et al. [26] only half the women who banked 
oocytes anticipates using them in the future. However, this study also confirms 
that besides the clinical utility of achieving a live birth, there is also a psycho-
logical benefit to consider, as the great majority of women was still positive about 
the decision to store oocytes, also if they anticipate not using them. In any case, 
counselling for women who inquire about the possibility of oocyte banking should 
include information about the possibly low utility of the procedure and thus of their 
investment.

�Information

Not only information about utility needs to be provided to potential oocyte bankers, 
but also, as previously argued, information about the success rates, stratified by age 
[29]. Ideally, not the chance of a live birth per oocyte should be given, but the cumu-
lative live birth rate with the number of oocytes that are expected to be banked. This 
information is however not always available. Cil et al. [31] have constructed a model 
for the age specific probability of live-birth for different numbers of thawed oocytes 
(based on a meta-analysis) and report a probability of live-birth for a 38-year old 
woman (at the time of freezing) of 15% for 6 thawed oocytes (after vitrification). 
37–38 has been reported as the average age of women opting for AGE-banking [16, 
18, 32–35]. It is clear that for this group, metaphors such as ‘putting fertility on ice’, 
‘stopping the reproductive clock’, ‘fertility insurance’ or ‘fertility preservation’ are 
misleading, as the chance that they will not be able to conceive with their banked 
oocytes appears to be larger than the chance that they will succeed.

Also for younger women, the danger of misinformation is lurking. Although 
there are currently few reports of young women storing oocytes with the explicit 
purpose of postponing motherhood, some commercial companies are definitely 
aiming at young women invested in their careers to ‘sell’ their intervention to, tar-
geting them through events such as egg freezing parties. In this situation, the danger 
is that women do not realise that postponing parenthood always results in a decline 
in the chance of establishing a pregnancy, even when eggs are banked, as these 
banked eggs are always limited in number. A woman may thus enter into AGE bank-
ing believing that her desire for children is ‘safe’, while it is not. According to the 
model by Cil et al., a 28 year old women would have a 27% live birth rate for 6 
thawed oocytes (after vitrification).

�Misleading and Coercive Offers

Concerns regarding the clinical utility and the provision of information are both 
linked to the commercialisation of autologous oocyte banking. When financial 
profit becomes a factor that influences the offer of oocyte banking or even becomes 
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the goal, the probability that women’s attention will be drawn to the drawbacks or 
that they will be encouraged to reconsider their plans of banking is low. Reference 
is easily made to reproductive autonomy in this context: if women want to bank 
their oocytes—even despite the low utility—they should have the liberty to do so 
and therefore commercial companies should be free to offer it to them. However, 
respecting an autonomous choice requires that the choice is truly autonomous, that 
is, that it is based on all the relevant information and free from outside pressure. 
This is more easily achieved in a non-commercial context.

Besides the fear for misleading offers by commercial egg banking companies, 
fears exist regarding coercive offers by employers. As discussed above (see section 
“A Negative Impact on Society”), even if the rationale behind including egg bank-
ing in a benefit package would be to increase reproductive autonomy, the chance 
that the opposite—a decrease in reproductive autonomy—would result is very large.

�Access

If employers cannot include egg banking in their healthcare benefit package, then 
how should egg banking be financed? If the banking woman pays, there are con-
cerns about distributive justice in the sense that this technology will only be avail-
able to the segment of society that can afford it. However, allocating public 
healthcare funds to AGE banking is not straightforward either, given the fact that 
healthcare funding is limited and should thus be allocated to the most urgent health-
care needs. Also, the limited utility is an argument against incorporating AGE bank-
ing in publicly funded healthcare. Cost-efficiency is also a relevant factor to be 
considered here. However, as argued elsewhere [36], in a system where IVF is reim-
bursed, it would be inconsistent to cover IVF treatment with donor oocytes for 
women who are infertile due to aging, but not with their own previously banked 
oocytes. Thus, in such a context, at least the second part of the procedure, that is 
thawing, fertilising and transferring any resulting embryos, should be reimbursed. 
This does not necessarily imply that the first step of the procedure, namely the costs 
related to ovarian stimulation, oocyte retrieval, oocyte freezing and storage need to 
be covered, although there are good reasons to argue for full coverage, a cash back-
system or more free transfer cycles [36].

�Conclusion

Despite the original opposition against AGE banking for healthy women, AGE 
banking has found its way to the clinic rather fast. One reason for this evolution may 
be that a number of the initial ethical objections to oocyte freezing for so-called 
‘social’ or ‘non-medical’ reasons were not very convincing, especially given the 
contrast with the warm welcome oocyte banking received in the field of 
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oncofertility. The arguments that we should not try to circumvent natural boundar-
ies, solve societal problems with medical solutions or that AGE banking will have a 
negative impact on society are either flawed or only partially convincing. On the 
other side of the debate, the argument that we should allow AGE banking to combat 
gender inequality in terms of the maximal age at childbirth was dismissed, but the 
argument that women’s reproductive autonomy should be respected, that this tech-
nology may not only clinically, but also psychologically benefit patients and that it 
is inconsistent to support egg donation by others, but not autologous egg donation 
appear to carry some weight.

However, even if there are good arguments to bring AGE banking to the clinic, a 
cautious approach is warranted. First of all, the utility of the procedure may be low 
and women may be overly optimistic about their chances of conceiving after AGE 
banking. They should therefore be properly counselled and sufficiently informed 
about their personal chances of success. Misleading information by commercial 
companies and coercive offers from companies to their female employees are to be 
avoided and finally, reflection is needed on access to the technology and on the 
extent in which reimbursement by public healthcare is desirable.

Key Message 

	1.	 The distinction between oocyte cryopreservation for medical reasons or non-
medical/social reasons is ill-founded.

	2.	 In principle, oocyte cryopreservation for healthy women could increase repro-
ductive autonomy and benefit women both clinically and psychologically.

	3.	 The biggest ethical concerns are linked to the implementation in the clinical 
context.

	4.	 Proper counselling aimed at insuring realistic expectations towards the success 
rate of the procedure and countering misleading information is a necessary con-
dition that should be guaranteed at all times.

	5.	 Reflection is needed on access to the technology.
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