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Introduction

Notwithstanding the burgeoning success of in vitro fertilization (IVF) [1], it is
important to recognize the seminal role of in vitro maturation (IVM) in the
development of IVF as well as its current widespread application amongst the
arsenal of assisted reproductive techniques for over 25 years [2, 3]. While tradi-
tional IVF involves recovery of in vivo maturated oocytes, IVM refers to the
recovery of immature oocytes from small antral follicles at the germinal vesicle
(GV) or metaphase I (MI) stage and subsequent meiotic resumption under spe-
cifically controlled culture conditions. Cha et al. reported the first birth using
IVM of immature oocytes collected at caesarean section within an oocyte dona-
tion programme in 1991 [4], but it was only after Trounson and colleagues
reported the first pregnancy using a woman’s own immature oocytes collected
by transvaginal ultrasound-guided follicle aspiration that IVM emerged as a
viable alternative to IVF for patients with polycystic ovaries [5]. The
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popularization of IVM first emerged from work from McGill showing that a
single injection of hCG with no other stimulation was able to achieve a live birth
rate/cycle started of 40% [6]. Most recently, a consensus has emerged to pro-
mote more widespread expertise and training for IVM given its overall safety
and reduced patient burden compared to hyperstimulation protocols with
IVF [3].

Oocyte Physiology

Oocyte maturation is the physiological event that precedes, and is required for,
successful fertilization and embryo development. Oocytes initially mature dur-
ing the foetal period and become arrested at the diplotene stage of prophase I
(GV stage) until they are committed to ovulation or atresia. Resumption of mei-
osis and progression through maturation result in arrest at the metaphase II
stage, with extrusion of the first polar body (Fig. 16.1). In vivo, the trigger for
resumption of meiosis is the preovulatory surge of LH. However, removal of the
oocyte from the inhibitory influence of the follicle also allows spontaneous
resumption of meiosis. Importantly, the success of IVM relies on techniques
that promote both nuclear and cytoplasmic maturation of the oocyte. Nuclear
maturation consists of germinal vesicle breakdown (induced by the LH surge
in vivo) followed by resumption of meiosis and extrusion of the first polar body
(MII). Cytoplasmic maturation is more difficult to assess microscopically as it
involves the redistribution of various organelles, including cortical granules,
and accumulation of factors that prepare the oocyte for fertilization and embry-
onic development [7].

Fig. 16.1 Different stages of oocyte development; (a) Oocyte at germinal vesicle stage (GV), the
nuclear membrane is intact and the nucleolus is visible; (b) Metaphase I oocyte, the nuclear mem-
brane dissolves and the nucleolus disappears; (¢) Metaphase II oocyte, the first polar body extrudes.
Note: these oocytes are after the removal of cumulus cells
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Potential Indications for IVM

IVM offers several key advantages over other assisted reproduction techniques,
including a lower risk of adverse events and reduced financial and emotional burden
owing to the short duration of monitoring and relatively low medication require-
ments. Historically, IVM has primarily been proposed as an alternative to IVF par-
ticularly for PCOS patients at risk for ovarian hyperstimulation syndrome (OHSS)
given that they generally have the highest number of antral follicles for potential
retrieval and simultaneously at highest risk of developing OHSS under traditional
stimulation protocols. Other indications include patients with limited time for ovar-
ian stimulation as well as those with contraindications to sustained elevation of
oestradiol (E2). However, studies have shown that IVM can be used in almost all
areas where IVF and other assisted reproductive techniques are used [2, 3, 8].

IVM in the Era of Antagonist Protocol with Agonist Trigger

Despite increasingly widespread use of GnRH agonist trigger in GnRH antagonist
cycles, OHSS remains an ever-present risk with gonadotropin stimulation [9].
Indeed, early severe OHSS can occur if there is agonist trigger with low-dose hCG
(1500 IU) rescue [9], if there is agonist trigger with high-dose oestrogen and pro-
gesterone supplementation for fresh ET [10, 11], or even if there is agonist trigger
and a freeze all embryos policy. Only IVM can avoid OHSS completely. Another
recent development of pseudo double-lumen needle (Steiner-Tan needle) allows
even better results for IVM egg collection [12].

IVM Instead of Natural Cycle IVF

Classical natural cycle IVF involves no ovarian stimulation, and triggering is gener-
ally performed once the leading follicle reaches 18-mm diameter; however, it is
associated with up to 30% risk of premature LH surge and ovulation. Alternatively,
modified natural cycle IVF requires daily GnRH antagonist and FSH injections
once a follicle reaches 14 mm and continued until hCG triggering, which equates to
at least three FSH and GnRH antagonist injections with a subsequent 15-20% clini-
cal pregnancy rate per cycle started given that only one MII oocyte is retrieved. In
stimulated IVM, three injections of FSH are given on days 4, 6, and 8, with subse-
quent hCG administration when the leading follicle is 12—14-mm, thereby forgoing
the need of GnRH antagonist. Furthermore, several MII and GV oocytes can be
obtained to generate multiple blastocysts, thereby increasing clinical pregnancy
rates per cycle started of up to 45-50% in women up to 37 years of age. In some
cases, over 100 oocytes can be obtained at a single collection [13].
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IVM Instead of FSH/IUI

The first line of treatment in many fertility programs is FSH stimulation com-
bined with IUI. This treatment requires approximately eight to ten daily injec-
tions of FSH and has a pregnancy rate of 15-20% and multiple pregnancy rate of
30% and may cost upwards of $2000 in North America for medications and
IUIL In comparison, [IVM costs ~$4000 but requires fewer injections and gener-
ally yields higher pregnancy rates, lower odds of multiple pregnancy, and no risk
of OHSS. In fact, Hatirnaz et al. have achieved a 35% live birth rate per IVM
cycle with elective single ET. This group has even achieved good results using
letrozole 5 mg a day for 5 days in early to mid-follicular phase and hCG trigger
at 12—14 mm [14] and eSET [14].

In fact, the group from Perth has even shown that although fresh ET from IVM
cycles are lower than from IVF cycle, if the embryos are frozen, the FERC preg-
nancy rates for both IVM and IVF are comparable [15].

IVM and Fertility Preservation for Cancer

When presented with an oncology patient wanting fertility preservation, it is impor-
tant to first determine whether ovarian stimulation can be safely performed and how
long the patient can wait before the start of chemotherapy [16]. If hormone stimula-
tion is not contraindicated and chemotherapy can wait, ovarian stimulation followed
by mature egg collection should be performed. However, IVM with or without ovar-
ian tissue freezing are the only viable options if hormone stimulation is contraindi-
cated or there is no time. Importantly, IVM allows multiple egg collections to be
performed at any phase of the menstrual cycle including the luteal phase [17]. In the
past few years, there has been a lot of work in this field extending the area of IVM
and cancer fertility preservation. For example, it has been shown to allow fertility
preservation for breast cancer [18], and there is even greater promise to combine
in vitro growth and in vitro maturation [19]. Other advances in this area involve the
addition of L-carnitine and B-glutathione to the IVM media to increase survival of
vitrified GV oocytes and fertilization to become blastocysts, at least in the animal
model [20, 21].

IVM and Resistant Ovary Syndrome

A few small studies and case reports have investigated the utility of IVM amongst
women with repeated ART failure owing to resistant ovary syndrome with promis-
ing results [22, 23]. For instance, Galvao et al. reported a case series of 9 women
with repeated IVF failure who underwent 24 IVM cycles and achieved a live birth
rate of 16.7% per started cycle and 33.3% per patient [22].



16 The Essential Role of In Vitro Maturation in Assisted Reproduction 199

Safety Concerns

Although the long-term developmental outcomes of children conceived with IVM
have only been studied in small numbers, current evidence suggests that foetal out-
comes and incidence of congenital malformations are similar to pregnancies derived
from IVF and spontaneous pregnancies in healthy women [24-31]. This reflects
related cellular and molecular studies which found normal ultrastructural morphol-
ogy by transmission electron microscopy (TEM) and no increase in imprinting
errors rates at maternally or paternally methylated gene loci in IVM-derived oocytes
[32, 33].

Conclusion

IVM s a well-studied and safe procedure that has been practiced for several decades.
It is a low intervention, mild approach to ART that offers improved safety and a
simplified clinical approach compared to IVF [34, 35]. However, adoption has been
mixed as incentives leading to enhanced uptake of IVM in the ART clinic vary
widely around the world. As further innovations improve the recovery rate of imma-
ture oocytes and embryo yield from IVM, REI physicians may soon have an obliga-
tion to offer this technology more widely given its potential advantages to offer new
approaches to infertility management and social fertility preservation and towards a
new clinical paradigm of minimal or zero stimulation ART. When the senior author
of this chapter started his career with Robert Edwards, Edwards emphasized that he
had started his career in IVM and always held the dream that one day, women would
have the same success rates with IVM as with IVFE. He used to say, drugs only ben-
efit big pharma. No woman would willingly give herself daily injections of hor-
mones if she believed she could have the same success rates without having to use
drugs [2].
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