CHAPTER 15

In-vitro maturation for the treatment of
infertility with polycystic ovary syndrome

Hanadi Ba-Akdah, Hananel EG Holzer, Julie Lukic, and Seang Lin Tan

INTRODUCTION

The first live birth resulting from in-vitro fertil-
ization (IVF) occurred in 1978' and, since then,
over 2 million IVF babies have been born world-
wide. IVF success rates have steadily improved
over the years? and nowadays exceed spontane-
ous conception rates in fertile couples®. However,
ovarian stimulation protocols are associated with
high costs, daily injections of gonadotropins,
and close monitoring, and carry a significant risk
of causing ovarian hyperstimulation syndrome
(OHSS)*®. Papanikolaou et al.® found that the
incidence of patients undergoing IVF requiring
hospitalization for OHSS was 2%; in exceptional
cases, where OHSS appropriate care is not given,
it may even be fatal’.

In-vitro maturation (IVM) is the maturation
of immature oocytes in vitro from the germi-
nal vesicle (GV) stage to the metaphase II (MII)
stage of development, at which time they can
be fertilized and subsequently undergo normal
embryonic development. Clinical IVM is with-
out ovarian stimulation. Therefore, IVM avoids
OHSS, is clinically simple, and has a lower cost.
As aresult, it is a potentially useful treatment for
infertility.

As GV oocytes will be successfully aspirated
from about 60% of the tiny follicles during fol-
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licular collection, the number of antral follicles
is the major predictor clinically for the success
of IVM8. Since the high number of antral fol-
licles found in patients with polycystic ovary
syndrome (PCOS) makes them more likely to
develop OHSS, they are also prime candidates
for IVM treatment. This applies even if the
appearance of PCOS on ultrasound scan is not
associated with an ovulatory disorder; that is, if
patients have ultrasound-only polycystic ovaries
(PCO)%1.

IN-VIVO AND IN-VITRO MATURATION
OF OOCYTES

Oocytes are formed in the ovaries of a human
female during fetal development but are arrested
at the prophase I stage of meiosis. At birth, there
are approximately 1 million primordial follicles
in the ovaries!!. Although large numbers of fol-
licles can leave the primordial pool and begin to
grow, very few will be selected to mature and to
ovulate for potential fertilization. In response to
rising levels of gonadotropins, the follicles will
grow and become fully mature, but only after the
onset of puberty will they be released into the
fallopian tube by ovulation. During a woman'’s
reproductive life, only about 400 to 500 mature
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oocytes will be released from the ovaries for
potential fertilization. The process of follicular
development within the ovary is directly influ-
enced by gonadotropins, namely follicle stimu-
lating hormone (FSH) and luteinizing hormone
(LH). Gonadotropins (FSH and LH) are necessary
for follicular development in vivo. The first mei-
otic division will occur in preovulatory follicles
following the preovulatory LH surge, where the
chromosomes progress from the metaphase I (MI)
tothe telophaseIstage. After the first meiotic divi-
sion and first polar body extrusion, the second
meiotic division begins and a secondary meta-
phase plate (metaphase II) is formed at which
time the oocyte is mature, enabling fertilization
and early embryonic development to occur.

Hreinsson et al.!? showed that the use of
recombinant human chorionic gonadotropins
(hCG) or recombinant LH is equally effective in
promoting oocyte maturation in vitro. In addi-
tion, it is known that culture medium supple-
mented with a physiologic concentration of FSH
or LH stimulates steroid secretions (estradiol
and progesterone) from cultured granulosa and
cumulus cells®. Therefore, it is likely that one
of the actions of gonadotropins is mediated by
either estradiol or progesterone, which may con-
trol oocyte maturation in vitro.

POLYCYSTIC OVARY SYNDROME
(PCOS)

PCOS is a very heterogeneous syndrome and is
the most common cause of anovulatory infertility.
In the past, diagnosis of PCOS was made accord-
ing to the National Institutes of Health (NIH)
Consensus Criteria. However, more recently,
the Rotterdam Consensus has revised the pre-
requisites whereby the diagnosis of PCOS now
requires the presence of two out of the follow-
ing three criteria: (1) oligo- or anovulation, (2)
clinical and/or (3) biochemical signs of hyperan-
drogenism and polycystic ovaries at ultrasound
scan'?,
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Patients with PCOS might present with hir-
sutism, obesity, or frequently with cycle abnor-
malities (oligomenorrhea) and infertility (Figure
15.1). PCOS is the most widespread endocri-
nologic disorder among women of reproduc-
tive age as well as the most common cause of
anovulatory infertility’® and has been shown to
exist in from 4% to 10% of the general popula-
tion. Fertility treatments for women with PCOS
include lifestyle management, administration of
insulin-sensitizing agents, ovulation induction,
ovarian stimulation, and IVE.

POLYCYSTIC OVARIES (PCO)

The definition of ultrasound-only polycystic ova-
ries (PCO) is the presence of 12 or more follicles
in each ovary measuring 2-9 mm in diameter
and increased ovarian volume (>10 ml) without
any other manifestation of PCOS (Figure 15.2)°.
Isolated PCO morphology without a full pic-
ture of PCOS has an incidence of 16-23%%6-18,
On ultrasound examination, women with ultra-
sound-only PCO were found to produce more
follicles, oocytes, and embryos than women who
had normal ovarian morphology®1°.

The high number of antral follicles in patients
with PCO makes them prime candidates for IVM

Amenorrhea

Oligomenorrhea Alopecia

Anovulatory
infertility

Premature
adrenarche

Acne hirsutism

Figure 15.1 The spectrum of presentation
in polycystic ovary syndrome (see color plate
section)
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Figure 15.2 Ultrasound appearance of polycys-
tic ovary

(treatment, even if the appearance of PCO in the
scan is not associated with an ovulatory disor-
der. Indeed, the main clinical determinant of the
success rates of IVM treatment is antral follicle
count®?20,

RISKS ASSOCIATED WITH IVF IN
PCO/PCOS WOMEN

As previously mentioned, patients with PCO/
PCOS have a greater risk of developing severe
OHSS from gonadotropin stimulation than those
who have normal ovaries®. Patients with PCO
or PCOS are particularly more prone to develop
OHSS, with an incidence of up to 6%°. The most
severe manifestation of OHSS involves massive
ovarian enlargement, multiple cysts, hemocon-
centration, and third-space accumulation of
fluid. The syndrome may be complicated by
renal failure and oliguria, hypovolemic shock,
thromboembolic episodes, and adult respiratory
distress syndrome (ARDS), which, in extreme
cases, may even be fatal, if appropriate care is
not given. Ovarian volume, stromal volume, and
stromal peak blood flow velocity are all signifi-
cantly higher in the ovaries of women with PCO
and PCOS (Figure 15.3). The reason for increased
blood flow is probably because of the increased
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Figure 15.3 Stromal blood flow in polycystic
ovary (see color plate section)

vascular endothelial growth factor (VEGF) levels
in PCO/PCOS patients. Serum VEGF seems to
be a major capillary permeability factor in the
development of OHSS ascites?!-24,

Several methods have been used to reduce
the risk of OHSS, including starting stimulation
with a lower dose of FSH, close monitoring by
ultrasound scans and serum estradiol (E,) level
measurements, coasting, withholding or decreas-
ing the hCG dose for final follicular maturation,
administration of intravascular volume expand-
ers, use of glucocorticoids?®, and decreasing
the number of embryos transferred or freezing
all the embryos and transferring in a later fro-
zen embryo replacement cycle?®. Despite many
years of clinical experience, no method has been
developed that will completely prevent severe
OHSS after ovarian stimulation?’.

In assisted reproduction, the risk of multiple-
follicle ovulation and subsequent multiple preg-
nancies in PCO/PCOS women is also of crucial
importance®?8, When the outcome of in-vitro
fertilization and embryo transfer (IVF-ET) in 76
patients with PCO diagnosed on pretreatment
ultrasound scan was compared with that of 76
control patients who had normal ovaries, it was
found that there was a 10.8% risk of OHSS in the
PCO group compared with none (0%) in those
with normal ovaries®.
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ADVANTAGES OF IVM

Because no expensive gonadotropin stimula-
tion and no extensive monitoring scans are
required, the cost of IVM treatment is lower
than that of IVFE. Furthermore, the side-effects
of medications used in IVE although mild, may
be unpleasant.

The IVM treatment schedule is shorter, caus-
ing less stress, and it is not necessary to wait for
2 to 3 months between treatment cycles because
no stimulation is involved. The risk of OHSS
can be avoided by IVM treatment, especially in
women with PCO/PCOS3.

OUTLINE OF AN IVM TREATMENT
CYCLE FOR WOMEN WITH PCO AND
PCOS

The first pregnancy and delivery of a healthy
baby after IVM of immature oocytes in a
patient with PCOS was described by Trounson
et al.?2% In the following year, Barnes et al.’°
reported another pregnancy in a patient with
PCOS treated with IVM combined with intra-
cytoplasmic sperm injection (ICSI) and assisted
hatching. In these early studies, the rates of
maturation, fertilization, and cleavage were ini-
tially found to be higher in regularly ovulating
women compared with irregularly ovulatory or
anovulatory women with PCO; however, later
studies have shown comparable maturation and
fertilization rates®'*2. When IVF was compared
with IVM cycles in PCO women, the rates of
fertilization and embryo cleavage were found to
be similar®.

Previous studies indicated that although
immature oocytes recovered from unstimulated
PCOS patients could be matured, fertilized,
and developed in vitro, the implantation rate
was still disappointingly low®:33-35. To compen-
sate for this, endogenous priming with FSH or
hCG has been suggested before oocyte retrieval
and IVM.

224
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Ultrasound

A baseline scan is performed between days 2
and 5 of the menstrual cycle to measure ovar-
ian volume, ovarian stromal blood flow veloc-
ity, antral follicle count (AFC), size of the
follicles, and endometrial thickness, and to
detect whether any ovarian or uterine abnor-
malities are present. If the patient is amenor-
rheic, a withdrawal bleed with progestogens is
induced. Although AFC, ovarian volume, and
ovarian stromal maximal blood velocity are all
predictors of the number of retrievable oocytes,
we have found that when the other factors are
controlled by multiple regression analysis, the
antral follicle count is the only reliable pre-
dictor®. Between days 6 and 8 of the cycle, a
second scan is performed to measure AFC and
endometrial thickness. We and others have
recently reported that atresia does not occur in
the non-dominant follicles, even when a domi-
nant follicle is present®6-38, For this reason, we
no longer cancel the procedure for patients
who are found to have a dominant follicle. hCG
is administered (see below) when the endome-
trial thickness is greater than 8 mm.

hCG priming and pretreatment with
FSH

While the results of some studies indicate that
pretreatment with FSH during the early follicu-
lar phase enhances both the number of oocytes
retrieved and their rate of maturation®?, others
have found that pretreatment with FSH produces
no tangible benefits*®#!. Based on the results of
the latter studies, at our center we do not stimu-
late the ovaries with FSH prior to IVM oocyte
collection.

Interest in the effects of hCG priming arose
when morphologic and molecular differences
were found between immature oocytes col-
lected from stimulated cycles and those col-
lected by cesarean section®?. In 19994344 we
reported that the maturation rate of immature
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oocytes collected from women with PCOS was
improved by administering 10 000 IU hCG 36 h
prior to retrieval. Results of a randomized pro-
spective study indicated that besides improv-
ing the maturation rate, priming with hCG also
shortened the maturation process**. We deter-
mined that oocytes that had been matured for
24 h following collection produced better qual-
ity embryos than those that had been matured
for 48 h*!. Furthermore, our findings seem to
indicate that hCG priming could increase the
number of MII stage oocytes retrieved, resulting
in a clinical pregnancy rate of >35% per cycle
in young women up to 35 years of age!?45-49,
Moreover, induced luteinization with hCG
might enhance endometrial preparation, result-
ing in improved synchronization of embryonic
development within the endometrium®°.

Retrieval of immature oocytes

Oocyte retrieval is performed under spinal anes-
thesia or intravenous sedation using 1 to 2 mg of
fentanyl and midazolam. Intravenous fentanyl
is administered at intervals of 15 to 20 minutes
to a maximum dosage of 150 to 200 mg. In order
to reduce the discomfort of the multiple needle
punctures that are required by this procedure,
0.5% bupivacaine is infiltrated locally into
the vagina. Oocyte retrieval is then performed
under ultrasound guidance using a 19G, single-
lumen aspiration needle. Because the aspira-
tion pressure is reduced to 7.5 kPa and such a
small gauge needle is used, bloodstained aspi-
rate can frequently block the needle. Therefore,
the needle is withdrawn from the vagina after
aspirating a few follicles and is flushed to clear
any obstruction. The procedure is repeated
until all follicles seen are aspirated. Follicular
fluid is collected in culture tubes containing
a solution of 0.9% saline supplemented with
2 U/ml of heparin. Because immature oocytes
are enclosed in tightly packed cumulus cells,
curettage of the follicular wall is performed in
order to dislodge the cumulus—oocyte complex.
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Over the past 5 years, we have increased the
average number of GV oocytes we collect per
cycle from 10 to 15.

IVM and fertilization

Immature oocytes are incubated in a culture
dish containing maturation medium supple-
mented with 75 mIU/ml of FSH and LH at 37°C
in an atmosphere of 5% carbon dioxide and
95% air with high humidity and are checked
for maturity 24 and 48 hours following culture.
The oocytes are denuded of granulosa cells fol-
lowing retrieval, and mature oocytes (detected
by the presence of an extruded polar body) are
fertilized using intracytoplasmic sperm injec-
tion (ICSI). However, it has been demonstrated
that when the sperm parameters are normal,
ICSI may not always be required for the fer-
tilization of oocytes collected through TVM?®!.
Nevertheless, ICSI is generally performed on
in-vitro matured oocytes because it reduces
the risk of unexpected poor fertilization as
compared with IVE After ICSI, the oocytes are
transferred into 1 ml of IVF medium in a tis-
sue culture dish. Fertilization is determined 18
hours later by examining the oocytes for the
appearance of two distinct pronuclei and two
polar bodies.

Embryo transfer

The fertilized oocytes are further cultured up to
day 2 or 3, following which an embryo transfer
is performed. Prior to transfer, assisted hatching
is performed to avoid reduced implantation due
to a hardened zona pellucida. When a large num-
ber of embryos have formed, two alternatives
are possible: a double transfer or a blastocyst
transfer®2. The former is performed on day 3 and
repeated on day 5-6, while the latter involves
extending the culture to the blastocyst stage at
day 5 or 6 and transferring at that stage only. The
embryo transfer technique is the same as that
used for conventional IVE.

225
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Endometrial preparation and luteal
support

To achieve optimal endometrial growth, exoge-
nous 17B-estradiol (micronized) is administered,
starting on the day of oocyte retrieval. The dos-
age used depends on the endometrial thickness
on the day of oocyte retrieval. When endome-
trial thickness is less than 6 mm, 12 mg a day is
started; if the thickness is between 6 and 8 mm,
then 10 mg a day is started; and if the thickness is
more than 8 mm, then 6 mg is used — all in three
divided doses. When an extremely thin endo-
metrium (i.e. <4 mm) is recorded on ultrasound
scan prior to collection, we have recently begun
to administer estradiol treatment before oocyte
collection. We are currently investigating an
alternative approach whereby in-vitro matured
oocytes are vitrified when the endometrial lin-
ing is very thin®. The endometrium is then pre-
pared in an artificial cycle and, once it reaches
a thickness of 8 mm, the oocytes are thawed,
fertilized, and transferred. In an IVM treatment
cycle, luteal support with daily intramuscular
injections of progesterone in oil or Prometrium
200 mg (Schering Canada) three times per day,
is started on the day that oocyte maturation is
achieved and ICSI is performed. Estradiol and
progesterone supplementation is continued until
the twelfth week of pregnancy.

IVM OUTCOME

IVM pregnancy rates are correlated with the
number of immature oocytes retrieved. The
clinical pregnancy rate in women younger than
35 years, from whom we retrieved more than 10
immature GV oocytes, is 38% per cycle. As with
IVE clinical pregnancy and implantation rates
decrease with increasing age®*. In our practice,
the clinical pregnancy rate for women younger
than 35 years is 38% per oocyte retrieval and
the implantation rate is 13%, while for women
between 36 and 40 years old, the clinical preg-
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nancy rate is 21% per retrieval and the implanta-
tion rate is 5%. Because of lower implantation
rates, we transfer 1-2 more embryos compared
with conventional IVF for women in comparable
age groups without any increase in the multiple
pregnancy rate.

In four centers performing IVM cycles, more
than 1000 IVM cycles with hCG priming were
done before oocyte collection, the pregnancy
rates reached 30-35% and the implantation rates
10-15%°5.

In various published series, no increased
rates of congenital malformations have been
reported with IVM®%57, A recent analysis of the
obstetric, neonatal, and infant outcome in our
IVM conceptions showed a pregnancy outcome
of 73% singleton, 24% twin, and 2.7% triplet.
The median gestation age was 39 weeks for sin-
gletons and 37 weeks for multiple pregnancies.
Similar reassuring results have been published
by others®8.

IVM FOR OOCYTE DONATION

Oocyte donation is now a standard treatment for
women who have diminished ovarian reserve
and/or who are of advanced reproductive age;
women affected by, or who are carriers of a sig-
nificant genetic defect; and women with poor
oocyte and/or embryo quality®®. This method
of treatment results in a high pregnancy rate
for patients who would otherwise have a poor
reproductive prognosis; the accumulated preg-
nancy rate may even increase up to 94.8% after
four transfers®®. Many potential oocyte donors
may be deterred by the risk of OHSS, complica-
tions associated with oocyte collection, and con-
cern about the inconvenience of a large number
of hormone injections, as well as their possible
long-term side-effects®1:%2, This perception has
been supported by the results of a recent sur-
vey which indicate that three-quarters of poten-
tial donors declined after receiving information
about the procedures involved®®. Avoidance of
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ovarian stimulation would obviously eliminate
the associated risks to oocyte donors and would
drastically reduce the costs of donation cycles®.
The first reported IVM pregnancy was, in fact,
conceived from immature oocytes retrieved and
donated to a woman with premature ovarian
failure®®. At our center, 12 oocyte donors (age 29
+ 4) with high antral follicle counts (29.6 £ 8.7)
underwent immature oocyte collection without
ovarian stimulation. Out of a mean of 12.8 £5.1
GV oocytes collected, 68% matured and were
fertilized using ICSI. Of a total of 47 embryos
transferred to 12 recipients, six (50%) were suc-
cessfully conceived, four of which have resulted
in live births®. Based on the foregoing evidence,
it would therefore appear that collecting imma-
ture oocytes from the unstimulated ovaries of
oocyte donors is both prudent and worthwhile.

IVM AND PGD

Preimplantation genetic diagnosis (PGD) is a
procedure that allows the in-vitro testing of
embryos produced by couples who are potential
carriers of an inherited disease or genetic defect,
or by patients who have had three or more unex-
plained miscarriages. Patients can now select
only those embryos diagnosed as being unaf-
fected for implantation in the woman’s uterus,
thus improving the chance of a successful
pregnancy. PGD patients are generally required
to undergo IVF treatment in order to generate
multiple embryos for genetic analysis. However,
we have recently used IVM as an alternative for
selected PGD patients with PCO/PCOS in order
to avoid the side-effects of fertility drugs and to
eliminate the risk of OHSS. We recently treated
a 35-year-old patient with recurrent miscarriage
who had unsuccessfully undergone two intra-
uterine insemination cycles and two IVF cycles
in Germany. We collected 14 GV and 1 MII
oocytes and biopsied the eight embryos gener-
ated. After the transfer of two normal embryos
following aneuploidy screening, she became
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pregnant and we had the world’s first live birth
after combined IVM and PGD®’.

CONCLUSIONS

PCOS is the most common endocrinologic disor-
der among women of reproductive age as well as
the most common cause of anovulatory infertil-
ity'®. Patients with PCO or PCOS are particularly
more prone to develop OHSS, with an incidence
of up to 6%°.

IVM is the maturation of oocytes in vitro from
the GV stage to the MII stage of development.
Because of the absence of OHSS and reduction
in cost and complexity, IVM appears to be a
promising treatment for infertility, especially for
women with PCO or PCOS. The pregnancy rate
in four centers performing IVM cycles in PCOS/
PCO patients currently reaches 30-35%"5%.
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