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The book by Gautam N Allahbadia and Yosiharu Morimoto is a “state of the
art” textbook in the field of assisted reproductive technologies (ART).

The 11 chapters on ovarian stimulation protocols give the reader a com-
prehensive understanding of the regulatory principles of follicular develop-
ment and the physiology of ovarian stimulation as well as updated information
on a broad range of subjects related to ovarian stimulation. The chapter on
practical guidelines to monitor treatment is useful for physicians as well as
fertility nurse coordinators and serves as an excellent guide to every day prac-
tical aspects of monitoring during ovarian stimulation.

The reader will find a superlative review on the long-standing discussion
on agonists versus antagonists in controlled ovarian hyperstimulation (COH)
and updated chapters on more specific issues and novel drugs such as recom-
binants versus biosimilars and long-acting gonadotropins.

Modern trends and changes in the concepts of ovarian stimulation by
using mild stimulation and treatment protocols, aiming to prevent ovarian
hyperstimulation, are thoroughly summarized. There are two chapters, which
describe groups of patients, such as poor ovarian responders and polycystic
ovary syndrome (PCOS) in which stimulation of the ovaries is a challenge
and who need more attention and individualization. Finally, all aspects of
luteal phase support in COH are critically described and discussed.

This textbook is a fantastic theoretical and practical guide on a very impor-
tant topic and a useful resource to professionals in the field of ART.

Head of Reproductive Martha Dirnfeld, MD
Endocrinology-IVF Division

Carmel Medical Centre

Faculty of Medicine

Technion, Israel Institute

of Technology

Haifa, Israel






Controlled ovarian stimulation (COS) is the first step for in vitro fertilization
(IVF) treatment, a treatment often described and experienced as stressful to
patients and their partners. Current controlled ovarian stimulation (COH) for
assisted reproductive techniques (ART) pursues three main objectives:
hypophyseal activity suppression, multiple follicle growth stimulation, and
ovulation induction. By suppressing hypophyseal activity, it is possible to
prevent an untimely luteinizing hormone (LH) surge and allow the appropri-
ate development of the leading follicle. The classical GnRH agonist long pro-
tocol is the most widely used in COH for ART. However, an alternative
regimen, based on gonadotropin-releasing hormone (GnRH) antagonist was
next introduced in clinical practice. As competitive antagonists, these drugs
display an immediate and quickly reversible effect and they avoid hormonal
withdrawal side effects. Moreover, this protocol shows undeniable advan-
tages, including a shorter duration of treatment, lower amount of gonadotro-
pins required, shorter hormonal and ultrasound monitoring of patients, milder
physical and emotional stress, and a lower risk of ovarian hyperstimulation
syndrome (OHSS). The use of GnRH antagonists was traditionally restricted
to selected patients, as poor responders and women at high risk of developing
OHSS such as those with as polycystic ovary syndrome (PCOS) and patients
who had previously experienced OHSS. Several practical aspects of imple-
menting a GnRH antagonist-based stimulation protocol are described in the
subject chapter; selection of the correct dose, choosing when to start the
antagonist, programming of cycle starts, selection of the appropriate gonado-
tropins, and triggering of final oocyte maturation are elucidated.

The prediction of extremes of ovarian response to stimulation and the irre-
versibility of reduced ovarian reserve remain important clinical and basic sci-
ence research issues of IVF treatment. Recommending commencement of
ovarian stimulation, using any of the available exogenous compounds with-
out knowledge of individual ovarian potentials, is simplistic and dangerous
because of the possible adverse consequences for the woman. The identifica-
tion of groups of patients likely to benefit from one protocol than another is
central to the work-up process of IVF. Determining the agents for ovarian
stimulation as well as their combination, the daily dose and duration, accord-
ing to some background information, should be seen as the way to enhance
safety and cost-effectiveness.

It should be stated that no single approach is successful for all patients,
and that, there is currently, no firm clinical consensus regarding the relative
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efficacy of the different stimulation protocols. Personalized IVF offers sev-
eral benefits; it enables clinicians to give women more accurate information
on their prognosis, thus facilitating counseling, especially in cases of extremes
of ovarian response. The main objective of individualization of treatment in
IVF is to offer every single woman the best treatment tailored to her own
unique characteristics, thus maximizing the chances of pregnancy and elimi-
nating the iatrogenic and avoidable risks resulting from ovarian stimulation.
Personalization of treatment in IVF should be based on the prediction of
ovarian response for every individual. The starting point is to identify if a
woman is likely to have a normal, poor, or a hyper-response and choose the
ideal treatment protocol tailored to this prediction. The subject chapters out-
line that antral follicle count (AFC) and anti-Mullerian hormone (AMH), the
most sensitive markers of ovarian reserve identified to date, are ideal in plan-
ning personalized COS protocols. These sensitive markers permit the predic-
tion of the whole spectrum of ovarian response with reliable accuracy, and
clinicians may use either of the two markers as they can be considered inter-
changeable. Following the categorization of expected ovarian response to
stimulation, clinicians can adopt tailored therapeutic strategies for each
patient. Two important chapters in this monograph summarize the predictive
ability of ovarian reserve markers, such as AFC and AMH, and discuss the
therapeutic strategies that have been proposed in IVF after this prediction.

Controlled ovarian stimulation directly influences ART outcomes. Indeed,
several studies have shown that the total International units (IU) of gonado-
tropins, used for ovarian stimulation, inversely correlates with pregnancy
rate. Nowadays, two main gonadotropins are used in ART protocols, human-
derived follicle-stimulating hormone (h-FSH) and recombinant FSH
(r-FSH). The difference between these two hormones is dramatic. Indeed,
the human-derived FSH is an acidic isoform of the hormone, while r-FSH is
aless acid one. In particular, during a physiological menstrual cycle, the acid
isoform is produced during the follicular phase (probably, it is more effec-
tive in recruiting follicles), while the less acidic isoform is produced during
the mid-follicular phase (preovulatory). The two most commonly used
gonadotropin forms are urinary human menopausal gonadotropin (hMG)
and recombinant FSH in combination with GnRH agonists or GnRH antago-
nists. Cycles stimulated with recombinant FSH appear to have a higher risk
of premature progesterone rise in the late follicular phase if not triggered on
time. Recently, Corifollitropin alfa, a new long acting recombinant FSH was
introduced, which sustains multiple follicular growth for 7 days in women
undergoing ovarian stimulation using GnRH antagonists. Future trials
should aim to eliminate OHSS and multiple pregnancy rates by performing
a single stimulation in a simplified Corifollitropin alfa/GnRH antagonist
cycle, triggered by a GnRH agonist followed by cryo-thawed single embryo
transfer (SET) in consecutive natural cycles. With this approach, the two
major complications of COH for IVF could be eliminated without jeopardiz-
ing the outcome.

The human chorionic gonadotropin (hCG) trigger, used for final follicular
maturation in connection with assisted reproduction treatment, combines
ovulation induction and early luteal phase stimulation of the corpora lutea.

Preface



Preface

The use of a GnRH agonist (GnRHa) for final follicular maturation has, how-
ever, for the first time allowed a separation of the ovulatory signal from the
early luteal phase support. This has generated new information that may
improve the currently employed luteal phase support. Combined results from
anumber of randomized controlled trials, using the GnRHa trigger suggest an
association between the reproductive outcome after IVF treatment and the
mid-luteal phase serum progesterone concentration and these have been cov-
ered ably in this monograph.

One of the most vexing challenges in the practice of Reproductive
Medicine is the management of the “poor responder,” specifically the patient
manifesting an inadequate follicular response to ovarian stimulation. Poor
response predicts a reduction in the number of mature oocytes retrieved, with
the consequences of fewer embryos available for selection and transfer,
reduced pregnancy rates, and a markedly decreased likelihood of residual
embryos for cryopreservation. This topic has been covered threadbare in this
book.

The two main complications associated with the use of assisted reproduc-
tion techniques, ovarian hyperstimulation syndrome and multiple pregnan-
cies, could be eliminated by milder ovarian stimulation protocols and the
increased use of a SET policy. In contrast to current approaches, the aim of
mild stimulation is to develop safer and more patient-friendly protocols in
which the risks of the treatment as a whole are minimized. This monograph
attempts to present the current status of milder protocols to its readers. Gentle
ovarian stimulation protocols, such as “mini-IVF” and “IVF Lite,” have sev-
eral potential advantages over conventional IVF protocols, including less
medication and fewer injections, producing fewer eggs, but eggs of higher
quality. The IVF Lite protocol, described in this monograph, requires a reli-
able and cheap method for embryo cryopreservation, such as vitrification,
because of the negative impact of Clomiphene citrate on the endometrium
and since cryopreserved embryo transfers with this protocol have yielded
much higher pregnancy rates than fresh transfers.

We have attempted to include the A—Z of current knowledge in this
dynamically changing field of controlled ovarian stimulation. This book will
benefit not only postgraduate students and new entrants into the field of ART
but also the senior consultants by helping them to update their clinical skills

Mumbai, India Gautam Allahbadia
Osaka, Japan Yosiharu Morimoto






10

11

Regulatory Principles of Follicular Development. .. .......

Takahide Mori

Monitoring Ovarian Stimulation: Current Perspectives . . . .

Madhuri Patil
LH and hCG: Their Distinct Physiological Roles

and Use in Ovarian Stimulation Protocols . ..............

Johan Smitz

Recombinants versus Biosimilars in Ovarian

Stimulation . . ........ ... ... ... .. ... . ..

Gautam N. Allahbadia and Akanksha Allahbadia

Agonists versus AntagonistsinCOH ....................

Aygul Demirol and Suleyman Guven

Long-acting Gonadotropins and Route

of Administration. . ............... .. ... ... ... .. ......

Mausumi Das and Hananel E.G. Holzer

Mild Stimulation Cycles versus Controlled Stimulation

Cycles: A Japanese Perspective ........................

Atsushi Tanaka, Takafumi Utsunomiya, and Kenichi Tatsumi

Ovarian Stimulation for PCO Patients and Management

of OHSS. . .. ...

Yoshiharu Morimoto

Ovarian Stimulation for Poor Responders ...............

Aisaku Fukuda

Depot GnRH Agonists in COHfor ART .................

Gautam N. Allahbadia and Rubina Merchant

Luteal Phase Support in Controlled Ovarian

Hyperstimulation. . ..................................

Budi Wiweko

17

57

71

79

87

95

Xi






Akanksha Allahbadia, MBBS Department of Assisted Reproduction,
Rotunda — The Center for Human Reproduction, Mumbai, Maharashtra, India

Gautam N. Allahbadia, MD, DGO, DFP, FCPS, DNB, FNAMS
Department of Assisted Reproduction, Rotunda — The Center for Human
Reproduction, Rotunda-Blue Fertility Clinic and Keyhole Surgery Center,
Mumbai, Maharashtra, India

Mausumi Das, MBBS, MD, MRCOG Division of Reproductive
Endocrinology and Infertility, Department of Obstetrics and Gynaecology,
Reproductive Centre, McGill University Hospital, West Montreal, Canada

Department of Obstetrics and Gynaecology, Royal Devon and Exeter NHS
Foundation Trust, Exeter, Devon, UK

Aygul Demirol, MD Department of Obstetrics and Gynecology, Faculty of
Medicine, Yakindogu University Hospital, Ankara, Turkey

Aisaku Fukuda, MD, PhD, HCLD(ABB) Department of Reproductive
Endocrinology and Infertility, [IVF Osaka Clinic, Higashiosaka, Osaka, Japan

Suleyman Guven, MD Department of Obstetrics and Gynecology, Faculty
of Medicine, Karadeniz Technical University Hospital, Trabzon, Turkey

Hananel E.G. Holzer, MD Division of Reproductive Endocrinology and
Infertility, Department of Obstetrics and Gynecology, Reproductive Centre,
McGill University Health Centre, West Montreal, Canada

Rubina Merchant, PhD Department of Assisted Reproduction, Rotunda —
The Center for Human Reproduction, Mumbai, Maharashtra, India

Takahide Mori, MD, PhD Academia for Repro-Regenerative Medicine,
Kyoto University, Kyoto, Japan

Yoshiharu Morimoto, MD, PhD Department of Obstetrics and Gynecology,
IVF Namba Clinic, Kansai Medical University, Nishi-ku, Osaka, Japan

Madhuri Patil, MD, DGO, FCPS, DFP, FICOG Department of
Reproductive Medicine, Dr. Patil’s Fertility and Endoscopy Clinic, Bangalore,
Karnataka, India

xiii



Xiv

Johan Smitz, MD, PhD Laboratory for Hormonology and Tumor Markers/
Follicle Biology Laboratory, UZ Brussel, Brussels, Belgium

Atsushi Tanaka, MD, PhD Department of Obstetrics and Gynecology,
Saint Mother Hospital, Kitakyusyu, Fukuoka, Japan

Saint Mother Obstetrics and Gynecology Clinic and Institute for ART,
Kitakyusyu, Fukuoka, Japan

Kenichi Tatsumi, MD, PhD Department of Obstetrics and Gynecology,
Umegaoka Womens’ Clinic, Tokyo, Japan

Takafumi Utsunomiya, MD, PhD Department of Obstetrics and
Gynecology, St. Luke Clinic, Oita, Japan

Budi Wiweko, MD, OG(REI), PhD Department of Obstetric and
Gynecology, Dr. Cipto Mangunkusumo General Hospital, Jakarta, Indonesia

Contributors



Takahide Mori

T. Mori, MD, PhD

Abstract

Controlled ovarian stimulation (COS) is one of the key issues for the
successful outcome of in vitro fertilization (IVF). Although retrieval of
multiple oocytes is aimed at in COS, the regulatory principle governing
the sequential program of follicular development in natural cycles is likely
to be similar to those in stimulated cycles. In addition to the conventional
pituitary-ovarian axis, the oocyte itself has now become a novel regulatory
factor in folliculogenesis. As the entire process of follicular development
proceeds stepwise from preantral to preovulatory stages under the influ-
ence of a functional interplay among these regulators, belonging to the
hypothalamo-pituitary-ovarian axis, each with specific roles, the author
intends to describe fundamental principles governing folliculogenesis first
and then to propose a rational and realistic idea of selecting the most
appropriate stimulation protocol of the indicated ones, tailored to meet the
patients ovarian reserve.

Keywords
Follicular development ¢ Follicular growth e Follicular maturation

Ovarian stimulation * Regulatory principles * Gonadotropins ¢ Gonadal
steroids ¢ Inhibin ¢ Activin * Oocyte factors * Individualization

Introduction

From a cohort of antral follicles, only one is

Academia for Repro-Regenerative Medicine, selected for further maturation to preovulatory
Kyoto University, 6-30 Shimogamo-Izumigawa, stage under follicle-stimulating hormone (FSH)

Sakyo-ku, Kyoto 606-0807, Japan

and luteinizing hormone (LH) regulation. In in
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Kyoto University, Kyoto, Japan

e-mail: morit@mud.biglobe.ne.jp

© Springer India 2016

aspiration has become possible owing to the
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development of artificial ovarian stimulation with
purified gonadotropin preparations under phar-
macological pituitary desensitization with gonad-
otropin-releasing hormone analogs (GnRHa) and
is called controlled ovarian stimulation (COS) [1].
Despite differences in dynamics of follicle devel-
opment between natural cycle and COS, the inter-
vening principle seems in common. As illustrated
in a pyramid-shaped diagram (Fig. 1.1), COS is
likely to follow the principles that govern follicu-
lar development in a stage-related mode. Adopting
the terminology of follicular growth for the stage
of follicular development from preantral until
dominant follicle selection and of follicular matu-
ration for the stage beyond selection until the pre-
ovulatory stage, functional systems of regulation
in the whole process of follicle development are
described. Based on the rationale, practical selec-
tion of the most appropriately indicated COS pro-
tocol is constructed to make it compatible with
individual patient’s acceptability of differing
ovarian reserve.

Vesicular follicle
maturation (1 week)

2 weeks , A e R

Vesicular follicle
growth (1 week)

Large

T. Mori

Preantral Follicle Growth

Initial and Cyclic Recruitment
(Figs. 1.1 and 1.2)

It appears that preantral follicle growth consists of
two developmental steps: initial recruitment being
a transition from the primordial to primary folli-
cles followed by cyclic recruitment, which is
gonadotropin (Gn)-sensitive but not a dependent
stage since mRNA of receptors for FSH (FSHR)
can be identified in primary follicles [2]. The
primordial follicle pool before initial recruitment
stays strictly in a dormant state until activated with
positive regulators coming from the oocyte and/or
from surrounding cells. Against heavy constraint
by negative regulators, such as anti-Miillerian hor-
mone (AMH), a Miillerian-inhibiting substance
(MIS), cyclic recruitment can take place under the
joint action of oocyte factors and Gns, to which
both, secondary follicles with two-layered granu-
losa cells and preantral follicles with differentiated

Mature (pre-ovulatory) follicle
(¢ =20+2 mm)

Maturation of dominant follicle. Atresia
of subordinate follicles

Selection of a dominant follicle
(p=ca15mm)

Growth of selected follicles

Large antral follicles

; (p=5-9 mm)

(AFC: 3—12 counts)

antral follicles

= Small antral follicle

ca 355 days " (¢ =0.25-5 mm)
/ Small antral foIIicIes\

/

Preantral follicles

N

-l
W

——

Primordial —Primary —Secondary

Fig. 1.1 Pyramid-imitative shape of dominant follicle
selection in the human ovary. Since terminology and size
of each stage of follicles are not uniformly standardized

among authors, these are arbitrarily defined by the author
(Reproduced with permission from Mori T et al. Horm
Front Gynec. 2009)
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Initial Cyclic recruitment ———_——_——_—— >
| recruitment |
I Gonadotropin-independent I Gonadotropin-sensitive

Gonadotropin-dependent

| GDF-9/BMP-15 + c-Kit/KL + androgen/androgen receptor-mediated + gonadotropin-assisted development |

©-

Flat Mono-layered Two-layered
pre-granulosa| granulosa cells granulosa cells
cells

Primordial Primary Secondary

Differentiation of theca cells
without antral cavity

Antrum formation

Antral
(small antral)

Preantral

Suppression of development by AMH (extrinsic) and PTEN (intrinsic) factors

Fig. 1.2 Regulation of preantral follicle growth by stimulatory and inhibitory factors working at different stages of the
preantral follicular development (Reproduced with permission from Mori T et al. Horm Front Gynec. 2009)

theca cells (TCs) outside the granulosa cell layer
have become sensitive; until the antral stage, when
Gn dependency is established with the expression
of both kinds of receptors for FSH (FSHR) and
LH (LHR); preantral follicles now enter
Gn-dependent stage of follicular development.

Growth Differentiation Factor-9
(GDF-9) (Fig. 1.3)

GDF-9, a member of transforming growth factor
beta (TGF-p) superfamily, is expressed by pri-
mary oocytes through ovulatory follicles in mam-
mals including humans [3, 4]. Since primordial
follicles of GDF-9 null mice are able to progress
to primary stage, GDF-9 may not be required for
transition from primordial to primary follicles,
namely, for initial recruitment [5]. Although the
molecular mechanism of differential function of
GDF-9 and androgen (A) is ambiguous [6], both
of which enhance antral folliculogenesis through

insulin-like growth factor-1 (IGF-1), commitment
and co-ordination of GDF-9 with A has become
evident [7]. Intriguing enough is that GDF-9
alone enhances progesterone (P) production by
cultured granulosa cells (GCs) via prostaglandin
(PG) E2/receptors for PGE2 (EP2) pathway,
though the physiological significance remains to
be elucidated. Thus, GDF-9 contributes to prean-
tral follicle growth directly by promoting A syn-
thesis by the TCs or indirectly, by enhancing
FSHR expression on GCs.

Bone Morphogenetic Protein-15
(BMP-15) (Fig. 1.3)

BMP-15 (GDF-9B), another member of oocyte-
derived TGF-f superfamily, is an additional criti-
cal factor for primordial follicle development
[8, 9], playing as a strong inducer of kit ligand
(KL) in GCs. KL acts to produce oocyte BMP-15
through its receptor c-Kit. Production of KL in



Granulosa cell

Oocyte

T. Mori

Theca cell

FSH/FSHR

Theca organizer? A\
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[ GDF-9 and bmp-15 regulate each other negatively via feed-back loop around c-Kit/KL system ]

Fig.1.3 Regulatory interplay of oocyte-originated GDF-9
and BMP-15 among oocytes and granulosa and theca cells
for preantral follicle development. Testosterone converts to

GCs is inversely regulated by GDF-9 exhibiting a
negative feedback on KL expression in GCs
through c-Kit. c-Kit is also expressed in TCs,
which KL can stimulate to produce A. The pro-
duced A converts to Sa-dihydrotestosterone (Sa-
DHT) in GCs to be able to bind to nuclear
receptors for A of GCs. It is of note that both
oocyte factors act synergistically with each other
for follicular growth at least through the antral
stage [10] via theca A production, even if the sig-
naling pathways are different (Fig. 1.3).

Androgen

Evidence accumulates to indicate that A plays a
role of a sort of growth factor in preantral as well as
in antral folliculogenesis [11, 12]. As androgen
receptors (ARs) are expressed in GCs and c-Kit on
theca cells, either GDF-9-stimulated or BMP-15/
KL-mediated theca A is capable of converting to
non-aromatizable, receptor-binding So-DHT to
bind to AR in GCs which, in turn, enhance expres-
sion of FSHR on GCs [13], resulting in accelera-
tion of GC proliferation (Fig. 1.3). It is therefore,
probable that GDF-9/BMP-15-dominated prean-
tral folliculogenesis is not restricted to the
Gn-sensitive stage but is extended to a much later

Aromatisable A

non-aromatizable  androgen,  Sa-dihydrotestosterone
(50-DHT) by Sa-reductase for acquisition of binding
capacity to receptors for androgen (AR) in granulosa cells

stage of development, in the sense that the growth
factor-mimicking action of A may be taken over
successively to the antral follicle stage.

c-Kit/Kit Ligand (KL) System

KL, also termed as stem cell factor (SCF) or steel
factor (SF), discovered originally as a factor of
regulating stem cell growth and differentiation,
acts through c-Kit tyrosine kinase receptor [14].
Two important roles have been attributed to
c-Kit/KL system. First, GC-derived KL acts on
oocytes to enlarge and initiate transition from pri-
mordial to primary follicle. Second, KL/c-Kt sys-
tem is involved in differentiation of TCs from
stroma cells (SCs) as a system entitled to be theca
organizer [14] (Fig. 1.3).

Anti-Miillerian Hormone (AMH),
Miillerian-Inhibiting Substance (MIS)
(Fig. 1.2)

Anti-Miillerian hormone is a member of TGF-§
superfamily and is the only strong negative regula-
tor of initial and cyclic follicle recruitments.
Critical roles are assigned to AMH at two steps of
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follicular growth: at primordial follicle recruit-
ment and dominant follicle selection [14]. The
highest expression is observed immunohistochem-
ically in GCs of preantral and small antral follicles
(<4 mm), declining in larger follicles (4-8 mm) in
humans [15], and is likely to be produced by GCs
of growing follicles. AMH suppresses primordial
to primary follicle transition, though is not
expressed in primordial follicles. The hormonal
mechanism for this inhibition is considered via
reduction of aromatase and LH receptor (LHR)
expression [16]. AMH signaling is mediated by
activin (Act) receptor-like protein kinases (ALKSs).

Anti-Miillerian hormone is clinically relevant
to stimulation protocols because it is widely
known as an excellent marker of ovarian reserve
(OR) that is indispensable to estimate the quantita-
tive and qualitative capacity of primordial follicle
pool. Since measuring primordial follicle number
is impossible, alternatively, the growing follicle
number is usually employed as an indirect clinical
marker, as indicated by the close correlation of
AMH value with primordial follicle stock. Serum
AMH declines with age to undetectable levels in
menopause. As a matter of fact, both antral follicle
count (AFC) and serum AMH are equally valuable
for the prediction of ovarian response. According
to Bologna criteria [17], poor ovarian response
(POR) is defined as described in Table 1.1.

Table 1.1 Bologna criteria for poor ovarian response
(POR)

Two of the following three criteria should be met for
diagnosis of POR
1. Maternal age: >40 years of age or presence of any
risk factor

2. Anamnesis for POR (number of oocytes recovered
in a conventional ordinary ovarian stimulation
cycle <3)

3. Presence of at least one of the following clauses is
encountered by ovarian reserve test (ORT):

Antral follicle count <5-7 or AMH <0.5-1.1 ng/mL

Determined and recommended by ESHRE Consensus
Workshop, March 19-20, 2010 [17]

NB: Baseline FSH level: FSH >10-15 IU/I is not adopted
due to inadequate accuracy

AMH: The strongest expression has been reported in
granulosa cells of antral follicles of ¢=4-6 mm. It has
two critical roles in follicle development: one is firm sup-
pression of primordial follicles and the other raising up
FSH threshold for dominant follicle selection

PTEN (Phosphatase and Tensin
Homolog Deleted on Chromosome 10)
(Fig. 1.2)

Preantral growth is strictly suppressed by AMH
and PTEN to keep the primordial follicle pool
dormant against growth stimuli. It is of note that
the AR can be observed histochemically in TCs
and GCs earlier than receptors for estrogen (ER)
in these cell types [11], suggesting earlier
involvement of A than estrogen (E) in preantral
follicle growth.

Antral Follicle Growth
Gonadotropins (FSH and LH)

Principles of Dominant Follicle

Selection

The specific role of Gn in antral follicle growth is
selection of a single dominant follicle among a
cohort of large antral follicles (5-9 mm) (Fig. 1.1)
that start growing in response to gradual rise of
FSH around the perimenstrual period (also
termed as first FSH window) in natural cycles
(Fig. 1.4). Dominant follicle selection is a funda-
mental event for mono-ovulatory species includ-
ing humans and is primarily regulated by the
FSH threshold theory [18], along with LH ceiling
hypothesis [19] (Table 1.2).

According to the FSH threshold theory, tonic
FSH stimulation accelerates growth of a cohort of
follicles, not uniformly but differentially, depend-
ing on the intensity of FSHR expressed in each of
the selected follicles. Accordingly, the follicle
with the highest density of FSHR should have
priority to be chosen for growth, being given the
opportunity to grow up in response to the lowest
level of FSH [18]. This asynchronous follicular
growth is exaggerated as follicle development
proceeds until selection of a single dominant fol-
licle because graded increase of serum FSH lev-
els cause exclusion of non-eligible follicles with
lesser expression of FSHR [19, 20] (Table 1.2).

Timing of Dominant Follicle Selection
Another issue is the timing of dominant follicle
selection. There is a theoretical reason, indicat-
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Fig. 1.4 Changes in serum follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) throughout the
human menstrual cycle: Pretreatment with estrogen (E)

l l

D7-8 D14 +2

plus progesterone (P) ensures dissociation between
basal FSH and LH levels, resulting in perimenstrual rise
of FSH

Table 1.2 Principles of dominant follicle selection by FSH and maturation of selected follicle by LH

FSH threshold hypothesis (Brown 1978) [18]

1. Ovarian follicles have development-related
requirements for stimulation by FSH

2. FSH, beyond a certain “threshold” level, stimulates
granulosa proliferation and functional maturation
(expression of aromatase, luteinizing hormone
receptors, inhibin synthesis, etc.)

3. Follicles become increasingly sensitive (lower
threshold) to FSH as they mature

4. During ovulation induction, FSH dose should exceed
the threshold of the most mature follicle

ing that it should be the day when the descending
FSH curve crosses with the ascending curve of
LH in the mid-follicular phase of the cycle (day
7-8) on the basis that the baseline FSH level
rises up to its highest value around the perimen-
strual period, and then declines due to suppres-
sion by increasing E and inhibin-B (Inh-B)
coming from the growing selected follicle cohort
of the corresponding cycle (Figs. 1.4 and 1.5). If
suppressive activity is strengthened too much, all
the follicles belonging to the cohort will stop
growing due to FSH threshold hypothesis [18].
An intervening principle has been reported that
BMP-15 has the potency to suppress FSHR
expression [20], a mechanism by which excess
stimulation of FSH can be avoided so as to keep
the FSH value below the threshold level [18] as
illustrated in Fig. 1.5. Without this protection

LH ceiling hypothesis (Hillier 1993) [19]

1. Ovarian follicles have development-related
requirements for stimulation by LH

2. LH, beyond a certain “ceiling” level, suppresses
granulosa proliferation and initiates atresia
(non-dominant follicles) or premature luteinization
(preovulatory follicle)

3. Mature follicles are more resistant (higher ceiling) to
LH than immature ones

4. During ovulation induction, LH dose should not
exceed the ceiling of the most mature follicle

mechanism, all the growing cohort of follicles
shall die by atresia.

Since the day of dominant follicle selection
can, in theory, be monitored by the decrease in
the FSH/LH ratio below 1.0 in terms of compa-
rable bioactivity units, the ratio should have
stayed above 1.0 until the day of selection
(Fig. 1.4). Subsequently, the ratio declines below
1.0 as a result of rising levels of LH after the
dominant follicle enters maturational stage. This
principle might also be valid in multifollicular
stimulation cycles, if one assumes plural
dominant-equivalent follicles (DEFs) being
selected for further maturation instead of mono-
follicular growth. Thus, it is reasonable to con-
ceive that the day of Inh-B peak should coincide
with the day of dominant follicle selection
(Figs. 1.4 and 1.5). Based on this concept, the
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FSH/LH ratio could be utilized as a good indica-
tor for assessing the terminal point of follicular
growth and/or the initiating point of follicular
maturation in ovarian stimulation protocols [21].

Atresia of Subordinate Follicles

There are at least two initial origins of atresia
inside of follicles: the first one is of the oocyte
and the second of follicle cell origin, [21] which
occurs via an apoptotic mechanism [22]. In the
preantral stage of the follicles, the first appears
predominant, being replaced by the second as
follicular growth proceeds towards the vesicular
stage (Fig. 1.1). All the subordinate follicles
except for the selected one are destined to
undergo atresia due to shortage of FSHR density
outside the aptitude zone of FSH/LH levels,
expressed in the course of follicle development
(Fig. 1.6). It is also probable that subordinate
follicles are ready to undergo atresia when
exposed to excess FSH- and/or E-induced LHR
[23, 24], expressed on GCs than those of the
ceiling value [19]. At the same time, E is shown
to inhibit C17A enzyme activity to prevent A

Day relative to LH surge

overproduction by a sort of product inhibition
mechanism; otherwise A may exhibit atresia-
inducing action.

Gonadal Steroids

Androgen (A)

Although regulation of steroidogenic function by
two types of follicular cells with differential reg-
ulation through FSH and LH has elegantly been
defined [25], the significance of theca A synthe-
sis is pointed out with a changing profile of ste-
roidogenesis in human follicular development
[26]. Theca A contributes to follicular growth at
least in two distinct ways [7, 19, 27]. First, it
enhances FSH-stimulated follicle growth via
intensifying FSHR expression on GCs, as was
observed with the preantral follicles [7, 21].
Since FSHR expression on GCs is likely to be
mediated by GC-expressed AR [11, 12], growing
follicles should be prepared with the intensifying
density of FSHR until dominant follicle selec-
tion since FSH works as the major driving force
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Fig. 1.6 Aptitude zone of FSH and LH levels for domi-
nant follicle selection and subsequent maturation until
preovulatory stage: Depicted by the author based on FSH

of GC proliferation. Second, utilizable substrate
A should be provided in order to meet the
increasing demand of E for GC proliferation in
this rapidly growing stage (Fig. 1.7). Given that
the AR expression is the highest in preantral and
antral follicles with a subsequent gradual
decrease along with follicular development
towards the preovulatory stage [27], it is reason-
able to interpret that the converted E from A is to
be utilized for GC proliferation through cyclin
D2 activation to support mitotic activity at this
stage of development [28], rather than for GC
differentiation (Fig. 1.7). Even if the two events
are supposed to be regulated simultaneously by
ARs in GCs, the expression of ARs is gradually
downregulated as the developmental stages pro-
ceed [27], and another mechanism must come
into existence to sustain substantial amount of E
needed for the maturation process to proceed
without falling into atresia. This will be dis-
cussed later. Taken together, FSH/androgen-
tonic stimulation is the major stream of follicular
growth, up until dominant follicle selection
(Fig. 1.8).

threshold theory (Brown [18]) and LH ceiling hypothesis
(Hillier SG 1992)

Estrogen (E)
Granulosa cell proliferation is apparently induced
by direct E action during the growing stage and E
is an indispensable driving force. Since E is
expected to serve for GC proliferation and not for
differentiation in this rapidly growing phase, cau-
tion must be taken not to induce premature pro-
duction of E because excess E may result in
premature GC differentiation, an unfavorable
condition if occurs prior to dominant follicle
selection due to excess LHR expression on GCs
[23, 24] that culminates in follicular atresia.
Theca A is involved in E production in GCs
in two ways: one is as a substrate for aromatase
and the other as an FSHR inducer. Accordingly,
theca A must convert to Sa-dihydrotestosterone
(5a-DHT) by S5a-reductase before binding
nuclear AR of GCs under strict control of FSH.
Considering a co-operative relation between the
two enzymes, it is tempting to hypothesize that
there must be some proper timing for the two
enzymes to be activated even more strongly,
simultaneously under both FSH and LH
control.
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Fig. 1.7 Stages of follicular development in the adult
human ovary and extent of atresia in the eight classes of
growing follicles (Reproduced with permission from
Gougeon [30]). Chapter author (T. Mori) notifies that
incremental amplitude in granulosa cell number for each
class is x4.3 for classes 1-2, x5.0 for classes 3—-6, and
x1.27 for classes 7-8, respectively. Suppose that the dif-

Progesterone (P)

There is no indication to suggest any active par-
ticipation of P in follicular growth. Rather, P
could participate in follicular atresia among sub-
ordinate follicles in competition for dominancy
at this stage of development, though concrete evi-
dence is still lacking.

Activin (Act) and Inhibin (Inh)

Act and Inh, both being produced by GCs under
stringent control of FSH, belong to TGF-f
growth factor superfamily. Act has a homodi-
meric composition of two subunits, BA and B,
forming active mature forms of Act A (BABA),
Act B (BBpB), and Act AB (BAPB). Inh is a het-
erodimer composed of o and [ subunits.
Accordingly, the subunit structure of Inh-A is

ferential amplitude may reflect velocity of granulosa cell
division in each class of follicles; follicles of classes 1-2
are growing at relatively rapid rate, those of classes 3—-6
most rapidly and those of classes 7-8 quite slowly, signi-
fying that each of the three categories may reflect each of
the large antral, the growing vesicular, and the maturing
vesicular follicles, respectively

ofA and Inh-B is affB, respectively. Act exerts
its intensive amplifying effect on GCs to synthe-
size E in an autocrine fashion, whereas Inh stim-
ulates theca A synthesis in paracrine fashion
during antral follicle growth until around the
time of dominant follicle selection (Figs. 1.5 and
1.9). Considering the modifying function of Act
and Inh in conjunction with follicular steroido-
genesis during antral growth, Act serves as the
principal contributor for E biosynthesis because
this steroid is expected to act as a potent mitogen
for GC proliferation rather than for differentia-
tion in antral follicle growth (Fig. 1.7). The pre-
dominant autocrine activity of Act as an
enhancer of production of E, a powerful factor
of GC mitosis, has well been documented on the
one hand; the turning point of dominancy from
Act to Inh remains to be defined on the other
hand.
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At the time when Inh-B reaches its highest
level, the suppressive potency of Inh-B on pitu-
itary FSH secretion becomes maximal, and this
time point should coincide with timing of domi-
nant follicle selection, as already described. Once
a dominant follicle is selected, the suppressive
potency of Inh-B declines to prevent further
growth of subordinate follicles and should be
replaced by the continual rising of E from the
selected dominant follicle that enters the maturion
stage afterwards [29] (Figs. 1.9 and 1.10).

Follicular Maturation
Gonadotropins (FSH and LH)

Dividing Velocity of GCs

At a glance of the classified diagram of follicular
development (Fig. 1.7) in which eight distinct
classes are discriminated depending on the
dividing velocity of GCs in each class [30], it is

Large antral and maturating follicle

D+7 D-7

cycle. It is important to notice that a-subunit formation is the
rate-limiting step to determine the direction of producing
Act and/or Inh during process of follicular development

notable that the last two classes of 7 and 8 show a
drastic slowing down in the multiplication index
of GC number (x1.27) in contrast to those of
class 3 through 6 (x5.0), signifying that GCs of
the final two classes undergo cellular differentia-
tion rather than proliferation to suggest that fol-
licles in these classes are maturing rather than
growing. If LH in addition to FSH must have
commitment to a certain extent in the matura-
tional stage of development, LH could respond to
an increasing demand of E for final maturation of
GCs, cumulus cells (CCs), and OC itself [19, 31]
as well. Notice must be taken that the term “fol-
licle maturation” means full differentiation of the
constituent follicle cells, and not of oocyte itself,
which is induced by the LH surge.

LH-Assisted Maturation

Upon the turning point of dominant follicle selec-
tion, the selected follicle enters the next and final
stage of maturation when LH is asked to play a
supplementary but critical role to FSH action in
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terms of accelerated E production. Therefore, LH
activity is thought to be required for proper matu-
rational processes to proceed [32]. The possible
role of increasing LH for final maturation is pre-
sumed to supply the additionally required E that
is actively produced in joint action of GCs and
TCs, both for triggering positive feedback action
on the pituitary (Fig. 1.8) and possibly, towards
the oocyte for initiating meiosis [31].

It is proven that human chorionic gonadotro-
pin (hCG) activity is contained as an intrinsic
constituent of highly purified human menopausal
gonadotropin (HP-hMG, Menotropin) prepara-
tions. While E exerts its feedback action nega-
tively on FSH during the growing phase of large
antral (vesicular) follicles (Fig. 1.1), since
increasing concentrations of E trigger LH surge
during maturational and preovulatory stages, it
seems critically important to judge an accurate
timing for hCG injection so as to harvest oocytes
of good quality in COS that usually accommo-
dates multiple follicles, as described with the
term of DEFs. It has been reported that excess
FSH relative to LH could cause premature P ele-
vation via enhancement of TFGp expression
(Fig. 1.11). For this purpose, monitoring the
serum E value per maturing follicle, the relative
ratio of E/A and size of mature follicles point
toward full maturity prior to hCG injection
(Figs. 1.4 and 1.10).

T. Mori

LH-Induced Atresia

LH looks to exhibit dual actions in the matura-
tional stage [21]. In contrast to LH-assisted matu-
ration, LH may accelerate atresia when exposed
to 5a-DHT, which inhibits GC proliferation by
decreasing cyclin D2 mRNA expression and cell
cycle arrest at G1 phase [33], leading to apoptosis
followed by atresia. According to the LH ceiling
hypothesis [19] (Fig. 1.6), it is also probable that
excess LH above ceiling level could arouse pre-
mature luteinization of GCs, culminating in GC
apoptosis [22] or TCs necrosis [26].

Gonadal Steroids

Androgen (A)

Since the dominant follicle must switch to
maturing from growing in order to respond to
the acutely increasing demand for E for its three
subsequent targets to work on, endometrial
preparation for implantation, positive feedback
on the pituitary, and oocyte maturation [21, 31],
the single maturing follicle and/or DEFs become
endowed with an additional route of E biosyn-
thesis, which can be called granulosa A5 route
(Fig. 1.8). Cholesterol is now provided directly
from circulation through a carrier protein into
GCs of maturing follicle and fully matured GCs
are well equipped with enzymes relevant to

CYP11A(StAR): cholesterol — pregnenolone — 17a-Hydoxysteroid dehydrogenase
— C19 steroids (androgens)
3B - HSD: pregnenolone — progesterone

Normal
cycles

HP-hMG
Stimulated stimulation cycle
cycles Lower P-tonus

Fig. 1.11 Regulatory mechanism for appearance of
preterm P elevation. TGF-p is upregulated by FSH but
downregulated by LH in normal cycles, As proven, a
limited amount of human chorionic gonadotropin
(hCG) is reported to contain as an intrinsic constituent
in terms of biological activity in highly purified human

T

[Fo }—— [T ] —— (0]

r-FSH
stimulation cycle
Higher P-tonus

<

menopausal gonadotropin preparations (HP-hMG)
(Menotrophin). In HP-hMG-stimulated cycles, intrinsi-
cally contained hCG-derived LH activity counteracts
against the enhancing action of FSH/TGF-p-induced P
production, resulting in protection of preterm proges-
terone (P) elevation
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steroidogenesis from cholesterol to A. In other
words, another A5 route is available in GCs of
maturing follicles. Thus, substrate A is robustly
supplied for aromatase activity via double routes
in response to the principal E demand.

Estrogen (E)

Estrogen exerts its obligatory function on the
three targets at the terminal point of follicular
development, as already described [31-34].
Instead of negative feedback action of E on the
pituitary in the growth phase of development, E
action turns around to positive feedback on the
pituitary in this maturing phase of development.
The triggering signal for the LH surge is induced
by acutely increasing E, secreted from the fully
matured follicle in natural or COS cycles if pitu-
itary desensitization is not induced.

Progesterone (P)

Premature Luteinization

When premature luteinization, defined as a P/E,
ratio of more than 1.0 on the day of hCG injec-
tion [35], was observed, it was pointed out that
this group of patients have a worse outcome than
those with a lower P/E, ratio in a Gn-agonist pro-
tocol, an evidence suggesting poor ovarian
reserve. Three factors are pointed out to be caus-
ally related to premature P rise independently of
initiating premature LH surge: follicle number,
FSH drive, and LH activity [36]. Out of the sev-
eral cut-off values proposed, ranging from 0.8 to
2.0 ng/mL (2.5-6.4 nmol/L) on the day of hCG,
1.5 ng/mL can be adopted as a standard value in
terms of the most frequently quoted figures [37].

Preterm P Elevation

On the other hand, early rise of P can sometimes
be encountered independently of premature
luteinization and/or premature LH surge prior to
hCG injection in stimulated cycles under pitu-
itary downregulation. This rise has once been
correlated with the premature LH surge or early
luteinization, induced by relative excess of LH
activity contained in gonadotropin preparations.
There has been much confusion concerning the
concept and terminology of this kind of irregular
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P elevation because the conventional term of pre-
mature luteinization appears mixed up with pre-
mature LH surge, each of which may occur
independently from each other. Accordingly, it is
unclear whether each of the two terminologies
has its own discrete concept. In order to clear any
ambiguity, it is the author’s proposal that early
rise of P during the phase of follicular maturation
should be termed as “preterm P elevation,” indi-
cating an untimely elevation of circulating P that
may occur in stimulation cycles, independently
of a premature LH surge in order to determine the
best timing for hCG injection in the course of
monitoring full maturation of follicles.

Mechanism of Preterm P Elevation

It has become evident that FSH rather than LH
activity is causally related to preterm P elevation
with the involvement of TGF- [38, 39], whereas
TGF-p normally inhibits ovarian 17a-hydroxylase
activity, a rate-limiting enzyme leading to A syn-
thesis from C21 steroid to avoid excess produc-
tion of P. Conversely, its activity is strictly
downregulated by LH and upregulated by FSH
under normal non-stimulated condition. Once
stimulated with Gns, FSH acts to stimulate A5
pathway and 3p-hydroxysteroid dehydrogenase
(3p-HSD) activity in GCs, resulting in increase in
P synthesis (Fig. 1.11). The pharmacokinetic
nature of gonadotropin preparation, employed
for stimulation, should be taken into account on
the basis of the choice of Gn preparations so as to
tailor it to individual’s ovarian reserve.

Activin (Act) and Inhibin (Inh)

A gradual but drastic switch from Act-B to
Inh-B takes place during the maturational stage
of development. In contrast to strong expression
of Act in GCs of the preantral and antral folli-
cles, the intensity decreases as follicular growth
proceeds. There are three points of evidence to
be noted with a link to switching from growth to
maturation stages [40] (Figs. 1.9 and 1.10).
First, the transition coincides with the time of
appearance of the second pathway in the sub-
strate A synthesis for aromatase in GCs. Second,
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with regard to theca A production, Inh-B
over-rides Act-B in driving potency via the pos-
itive feedback action of Inh-B produced on GCs
in a paracrine fashion towards the TCs in the
growth stage of large antral (vesicular) follicles
before dominant follicle selection. Thirdly,
Act-B acts as an autocrine enhancer for GC aro-
matase activity in the growth phase, while Act-B
activity is almost completely replaced by Inh-B
production, which, in turn, serves as a paracrine
factor for A production in the TCs. Summarizing
the role of Act-Inh system in maturing follicles,
higher Inh/E tonus is characterized by paracrine
and autocrine action of Inh-B over Act-B tonus
owing to paracrine action of Act (Fig. 1.9).
Thus, there is a functional turnover from Act to
Inh during the growth to maturation stage of fol-
licular development.

Consideration of Individualization
of Stimulation Protocols

Indications and Acceptability

There must be at least two factors to be consid-
ered upon final selection of the most appropri-
ate stimulation protocol; those are indication in
terms of patient’s OR and acceptability in
terms of medical as well as non-medical rea-
sons. OR is the first and most fundamental fac-
tor to be considered for selection of first-line
protocols. Any patient with proven sufficient
reserve deserves any kind of COS protocol
with a broad spectrum of indications. Along
with diminishing OR, the range of indications
usually becomes narrower, depending on the
actual ovarian response.

There is a discrepancy between the ovarian
reserve and actual ovarian response that is
expected from the selected stimulation protocol
for indication. This discrepancy may come from
an inappropriate selection of the protocol, incor-
rect estimation of the individual’s OR, pharma-
cokinetic properties of the Gn preparation used
[41-46], and non-medical circumstantial situa-
tions. Since each patient has her own receptive
range that might be determined by the patient’s

T. Mori

ovarian reserve, the chosen protocol should
match or must be placed at least in the spectrum
of receptivity to the patient in question. Even if
an individualized protocol were chosen in terms
of the indication, it may or may not guarantee
the expected clinical outcome in patients with
declining ovarian reserve, such as aging women
and other limiting conditions, as described in
the Bologna criteria [17] (Table 1.1). Notice
must be taken in understanding that the baseline
(b) FSH level (bFSH >10-15 IU/1) is not incor-
porated in this criteria due to inadequate statisti-
cal accuracy. The description appears somewhat
skeptical because bFSH value is informative to
evaluate ovarian response in terms of a given
stimulation cycle, in other words, in terms of
responsiveness to FSH at the onset of starting
the indicated stimulation and not in terms of
ovarian reserve that consists mostly of preantral
follicles. The reason for this is that diminished
number of selectable follicles at the beginning
of stimulation could be recovered to a certain
extent if supplementary medication with the
androgen, dehydroepiandrosterone  sulfate
(DHEA-S) or corticosteroid is given over pro-
longed cycles ahead of the treatment cycles
until bFSH goes down to levels comparable or
somewhat higher to those seen in younger
patients (<10-15 IU/I).

Setting up of an Individualized
Protocol

Upon setting up of an individualized protocol,
acceptability of the protocol may be influenced
not only by medical but by extra-medical factors
such as cost, job work, the spouse’s thought
toward family planning, and so on. It is therefore,
necessary for the doctor in charge to keep these
social factors in mind when making a final deci-
sion to choose the most appropriate protocol. The
concept of individualization can therefore, be
termed as selection of the most appropriate stim-
ulation protocol from the indicated candidate
protocols that may be applied to the patient, as
described extensively in several elaborate reviews
including risk [47-51].
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Conclusion

Ever since clinical application of human IVF
has started, the fundamental methodology of
ovarian stimulation keeps evolving year by
year to establish a wide variety of system-
atized modalities for IVF treatment. Owing to
our understanding and knowledge obtained in
the past three decades, we have reached a cer-
tain goal of handling ovarian stimulation,
assisted by endocrine, ultrasound, and phar-
macologic preparations.

In constructing stimulation protocols, it is
important to keep in mind that both indication
and acceptability of the individual patient
should be taken into account while choosing
the most appropriate protocol from the indi-
cated ones so as to meet the demands of her
own OR.

However, our current medical manage-
ments have proven quite limited for women
approaching the terminal stage of reproduc-
tive cycles, that is, oocyte aging makes con-
temporary medical technologies almost
impossible for a successful outcome. A new
era, with novel medical technologies with
innovative ideas is expected to come.
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Abstract

In the normal ovulatory cycle, the recruited cohort of antral follicles can be
identified by cycle day 5-7, the dominant follicle emerges by day 8-12,
grows approximately 1-3 mm per day thereafter (most rapidly over the
1-2 days immediately preceding ovulation), and measures approximately
20-24 mm in mean diameter when the luteinizing hormone (LH) surge
occurs; lesser follicles rarely exceed approximately 14 mm in diameter. In
5-10 % of spontaneous cycles, two preovulatory follicles may develop. The
ultrasound examination enables the follicle diameter and endometrial thick-
ness to be measured, which evaluates the fecundity function by using blood-
flow assessment and the combined three dimensional (3D) and blood-flow
investigation.

Ovarian ultrasonography defines the size and number of follicles con-
tributing to the measured estradiol (E2) level. Thus, in an ovulation induc-
tion cycle, ultrasound can tell us about the ovarian reserve and adequately
monitor the process of downregulation, follicular and endometrial develop-
ment, and timely administration of human chorionic hormone (hCG), with
an increase in the overall pregnancy rates and decrease in the incidence of
ovarian hyperstimulation syndrome (OHSS) and multiple pregnancy rate.

Baseline follicular stimulating hormone (FSH), antiMullerian hormone
(AMH), and inhibin B levels on day 2 or 3 on menstrual cycle and dynamic
tests can give information about the ovarian reserve. Monitoring LH, E2,
and progesterone during ovulation induction can determine the follicular
growth and its competency, predict poor and hyper-response, and diagnose
premature LH surge, premature luteinization and luteal phase adequacy.
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Abbreviations
2D 2 Dimensional
3D 3 Dimensional
4D 4 Dimensional
AFC Antral follicle count
AMH Antimullerian hormone
ART Assisted reproductive technology
B Blood flow
BMI Body mass index
CC Clomiphene citrate
CCCT  Clomiphene citrate challenge test
CL Corpus luteum
COS Controlled ovarian stimulation
E2 Estradiol
EFORT Exogenous FSH ovarian reserve test
EP Ectopic pregnancy
ET Embryo transfer
FET Frozen embryo transfer
FI Flow index
FSH Follicular stimulating hormone
FVQ Flow vessel quotient
GnRH  Gonadotropin-releasing hormone
GT Gonadotropins
hCG Human chorionic hormone
HRT Hormone replacement treatment
ICSI Intracytoplasmic sperm injection
M Intramuscular
IR Implantation rate
1UI Intrauterine insemination
IUP Intrauterine pregnancy
IVF In vitro fertilization
LH Luteinizing hormone
LPD Luteal phase deficiency
LUF Luteinized unruptured follicle
MTX Methotrexate
NNT Numbers needed to treat
NPV Negative predictive value
OHSS Ovarian hyperstimulation syndrome

Ol Ovulation induction

ORT Ovarian reserve test

P4 Progesterone

PCOS Polycystic ovarian syndrome
PD Power Doppler

PDA Power Doppler angiography
PE Elevated progesterone

PFBF Perifollicular blood flow

PG Prostaglandin

PI Pulsatility index

POD Pouch of Douglas

PPV Positive predictive value
PSV Peak systolic velocity

PUL Pregnancy of unknown location
RI Resistance index

SC Subcutaneous

TAS Transabdominal scan

TVS Transvaginal ultrasound scan
USG Ultrasonography

VEGF  Vascular endothelial growth factor
VFI Vascularization flow index
VI Vascularization index
Introduction

The aim of ovulation induction (OI) is to induce
follicular growth. Pharmacological agents initi-
ate, augment, or modulate the hormonal and
gametogenic response of the ovary to overcome
the natural follicular selection process to increase
the number of oocytes available for fertilization.
The OI protocol is different for a non-assisted
reproductive technology (ART) cycle, which aims
at mono-follicular development as compared to
an ART cycle where we desire multifollicular
development. It is the ART cycle, which requires
more specific protocols and stringent monitoring.
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It is also important for the clinician to know,
whether Ol is being performed for anovulation or
for superovulation in a normal cycle.

Why Monitor Ol Cycles?

The monitoring process is intended to enable the
physician to choose the most suitable protocol to
obtain best possible outcome, and to try to avoid
complications. It is done in three stages.

1. Studying the patient’s initial parameters

¢ Base line scan — to rule out ovarian (ovarian
cysts, hydrosalpinx) or uterine pathology
(myomas, adenomyosis, polyps, intrauter-
ine adhesions, endometrial abnormalities,
congenital anomalies) and determine the
ovarian reserve by performing the baseline
antral follicle count (AFC)

e Baseline hormonal profile - ovarian
reserve, FSH: LH ratio, androgen excess,
thyroid profile and hyperprolactenemia to
predict the response to ovarian stimulation

* Choose an appropriate stimulation regimen
to prevent ovarian hyperstimulation syn-
drome (OHSS), multiple pregnancy, or
poor response

2. Monitoring the ovarian response to ovulation
induction, which includes

e Confirm downregulation after gonadotro-
pin-releasing hormone (GnRH) agonist
administration

e Determine response to the drug

¢ Determine the dose and length of gonado-
tropin therapy

* Determine optimal time for human chori-
onic gonadotropin (hCG) administration

* Detect ovulation

* Time oocyte retrieval

* Identify patients who are poor responders
and women at risk of developing OHSS

3. Completion of therapy

* Diagnose complications of OI
(a) Premature luteinization
(b) Luteinized unruptured follicle (LUF)

syndrome
(c) Endogenous LH surge
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(d) Retention/functional cyst
* Confirm pregnancy
* Rule out multiple pregnancy
* Diagnose late onset OHSS

How Do We Monitor the Ol Cycle?

When we consider the monitoring process, we have
to take into account the patient’s comfort by simpli-
fying treatment protocols and reducing the time and
cost of monitoring. Before we embark on any OI
therapy, it is important to assess the ovarian reserve.
The monitoring involves transvaginal ultrasound
for antral follicle count (AFC) and ovarian volume
and hormone evaluation, which includes FSH, LH,
estradiol, progesterone, and beta hCG.

Assessment of Ovarian Reserve

Ovarian reserve testing is required to identify
women of relatively young age with diminished
reserve and those around the mean age (41 years)
at which natural fertility on average is lost but
still have adequate ovarian reserve.

Assessment of ovarian reserve by ultrasound is
done by measuring the AFC (Fig. 2.1), ovarian
volume (Fig. 2.2), and stromal blood flow
(Fig. 2.3), which will help us in predicting the
ovarian response to controlled ovarian stimulation
(COS). The number of antral follicles correlates
well with the woman’s age, ovarian reserve, and
ovarian response to gonadotropin stimulation. As
the ovary ages and the ovarian reserve decreases,
there is a noticeable reduction in the ovarian vol-
ume and the number of antral follicles. An AFC
of less than 5 and/or ovarian volume of less than 3
cm? is a good marker to predict poor ovarian
response to COS in assisted reproduction pro-
grams (ART). There could be some intercycle
variability in the AFC. Seventy-one percent of
variation is due to intra subject examination and
only 29 % is due to individual cycle variation.

The AFC can be evaluated either using the
2-dimensional (2D), 3-dimensional (3D), or
4-dimensional (4D) ultrasonography (USG) (Sono
AVC - hypoechoic aspect of the ultrasound display
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Fig.2.1 Antral follicle count
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Fig.2.2 Ovarian volume

is inverted to demonstrate fluid-filled areas within
the 3D dataset). Sono AVC (Fig. 2.4) is the best
model for predicting the number of oocytes
retrieved with a retrieval rate of 60 %. AFC is a

good predictor of response but not of pregnancy.
The optimum cut-off value of AFC for poor
response is <10 but the post-test probability was
reported to be the highest at cut-off levels of <8 [1].
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Fig.2.3 (a, b) Stromal blood
flow

The optimum cut-off value for hyper-
response of AFC is >14 with a sensitivity of
82 % and specificity 89 % to predict ovarian
hyperstimulation syndrome (OHSS). The ovar-
ian volume also correlates with the number of
growing follicles, but not with the number of
oocytes retrieved [2]. It was also observed that
women with small ovaries with a volume of less
than 3 cm?® have a very high cancellation rate of
in vitro fertilization (IVF) [3]. 3-dimensional
ultrasound allows more precise calculation
of ovarian and stromal volumes (Fig. 2.2).
However, yet again, the predictive value for
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pregnancy by measuring the ovarian and stro-
mal volume is limited (1.0-1.4) [4, 5].

Stromal Blood Flow (Fig. 2.33, b)

¢ Stromal Flow Index (FI) [6]
— <11 low responder
— 11-14 Normal responders
— >15 risk of OHSS
* Stromal Peak Systolic Velocity (PSV)
— Low stromal PSV in the early follicular
phase predicts poor responders
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Fig.2.4 Sono AVC

— Increased stromal PSV with unchanged
resistance predicts increased risk of
OHSS

e Uterine Artery Blood Flow (Fig. 2.5)

— Lower uterine artery resistance index (RI) and
higher PSV has a high incidence of OHSS.

— Uterine artery RI >0.79 is indicative of poor
response and higher requirement of gonado-
tropin dose.

Ovarian reserve can also be assessed by per-
forming hormonal tests like day 2 serum FSH,
estradiol (E2), antiMiillerian hormone (AMH),
and inhibin B levels.

Determination of ovarian reserve can predict
response to tailor the correct stimulation regi-
mens for adequate response so as to prevent com-
plications and improve pregnancy outcomes. It
also helps in improving the efficacy, safety, and
cost-effectiveness of treatment.

Ovarian reserve testing allows us to choose
individualized COS protocols, based on the age,
AFC, and AMH. The dose can be further
amended according to the body mass index
(BMI).

M. Patil
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Monitoring the Ovulation
Induction Cycle

Follicular monitoring is today a pivotal investiga-
tion in both infertility evaluation and treatment. It
is the gold standard to document ovulation, fol-
licular development and growth, corpus luteum
integrity, and endometrial growth and character.

Ovulation induction involves administration of
either oral ovulogens or gonadotropins to enhance
fertility. These drugs cause a supraphysiological
increase in serum FSH, either indirectly as with
oral ovulogens or directly as with gonadotropins,
leading to the recruitment of a larger cohort of fol-
licles. To time the intercourse, intrauterine insem-
ination (IUI) or oocyte retrieval, we need to trigger
ovulation at a particular diameter of the growing
follicle for an optimal outcome. Moreover, ovula-
tion induction can be associated with multiple
gestation, OHSS, and torsion of ovary. Monitoring
ovarian function, especially when women are
administered ovulation induction drugs, becomes
mandatory. The monitoring can be done either by
ultrasound or by hormone bioassays.
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Fig.2.5 (a, b) Uterine artery
and venous blood flow

Ultrasound Monitoring

Ultrasound provides information on uterine and
adnexal pathology, ovarian morphology, ovarian
reserve and blood flow, endometrial thickness,
morphology, and blood flow, follicular growth
and timing to trigger ovulation, and feasibility of
oocyte retrieval.

Color Doppler provides qualitative informa-
tion, while the power Doppler (PD) signal can
provide quantitative information [7]. In combina-
tion with 3D ultrasound, PD offers a tool with
which one may not only demonstrate but also
quantify total endometrial and regional uterine
blood flow [8, 9].
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Monitoring Ovarian Response
to Ovulation Induction Agents

Ultrasound assessment of follicular growth was
first introduced in 1978 when Hackelder and
Robinson [10] described a linear relationship
between follicle size and circulating E2 levels.
Since then, transvaginal ultrasound scan (TVS)
has been used routinely to monitor follicular
growth in natural cycles in ovulation induction
programs, and during controlled ovarian hyper-
stimulation (COH) for ART cycles. TVS is the
method of choice because of better visualization
and accuracy though at times a transabdominal
scan (TAS) may be required in special situations,
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especially if the ovary is placed high in the pelvis
and not visualized on a TVS.

The monitoring is different for a timed inter-
course, IUI, and ART cycle and also for a natural,
COS, and oral ovulation induction cycle [10].

During the natural cycle, a cohort of small
antral follicles (2-5 mm in diameter) appears in
the ovary early in the proliferative phase, which
are selected 80-90 days prior from the primordial
follicular pool. As FSH levels rise in the early
follicular phase, further growth of the follicles
occur. Decline of FSH in the late follicular phase,
which is physiological, allows the selection of
the single most sensitive follicle to continue to
develop. The follicle, which will be selected to
become dominant, will depend on the FSH and
LH receptor content of the granulosa cells. The
follicle, which has developed maximum recep-
tors for FSH and LH in response to FSH will con-
tinue to grow, while the other follicles will
undergo apoptosis and atresia. Once the leading
follicle reaches a diameter of approximately
14 mm, the daily growth rate is between 1.5 and
2.0 mm until a diameter of 2225 mm is reached,
when ovulation occurs (Fig. 2.6).

Thus, in a natural cycle, monitoring provides
information on whether the menstrual cycles is
ovulatory or anovulatory. It can also identify
delayed ovulation despite normal cycle length
(28-30 days), short luteal phase as well as to
assess hormonal (progesterone — P4) competence
and support. It also provides information about

Fig.2.6 Monitoring a natural cycle
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the endometrial growth and morphology. It can
also diagnose luteal phase abnormalities like
luteinized unruptured follicle.

In natural cycles, serum E2 levels correlate
with the follicle size, while the contribution of
small atretic follicles to the steroidal milieu is
negligible.

In a natural cycle, the first scan can be done
either on day 9 or 10 of the menstrual cycle after
the baseline scan on day 2 or 3. The scans can be
repeated every 48 h till the follicles reach 14 mm,
but once dominance is established and the follicle
is 14 mm, the scan is repeated every 24 h. This is
essential to determine the exact time of ovulation
as the follicle can rupture at any time once the fol-
licle becomes more than 16 mm. In these patients,
pregnancies have been reported if IUI is done
once follicular rupture is documented, hence, the
importance of daily monitoring.

Characteristic ultrasound appearance at the
time of ovulation includes diminution in the fol-
licle size or sudden collapse of the follicle, blur-
ring of the follicle borders, which become
crenated, and appearance of intrafollicular
echoes, which are more isoechogenic with
respect to surrounding ovary (Fig. 2.7) and pres-
ence of a small amount of free fluid in the pouch
of Douglas (POD) (Fig. 2.8). Thereafter, an
irregular, slightly cystic structure representing
the corpus luteum shrinks throughout the luteal
phase of the cycle until luteolysis occurs before
menses.

Follicular tracking in natural cycle

Antral follicles visible 10 days before ovulation

|

Dominant follicle visualized 5 days before ovulation

|

Dominant follicle grows at rate of 2-3 mm per day

|

Ovulation occurs at a follicular diameter of 20-27 mm

|

Other follicles undergo atresia or developmental arrest
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Fig.2.7 Corpus luteum with
increased peripheral blood
flow

Sonographic indicators of ovulation

B Sudden collapse of growing follicle

B Central echoes within the follicle

® Crenation of the follicular wall

B Decreased follicular size

) Appearance of follicular fluid in cul-de-sac

B Formation of CL - internal follicular area
becomes isoechogenic with respect to
surrounding ovary

F:eé‘ﬁh@

Fig.2.8 Free fluid in the POD
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The role of ovulation-inducing agents for
IVF is to disturb this normal relationship by
increasing the amounts of FSH available to fol-
licles other than the dominant follicles and
thus, to increase the total number of follicles
that reach the preovulatory stage. When oral
ovulation agents are used, we have fewer domi-
nant follicles as compared to gonadotropin
cycles.

Baseline scan on day 2 or 3 is essential before
initiation of any ovulation induction therapy to
(Fig. 2.9):

M. Patil

* identify the morphology of the ovary and adnexal

abnormalities — ovarian cyst and hydrosalpinx

assess the ovarian reserve

* identify uterine abnormalities — myomas, adeno-
myosis, polyps, intrauterine adhesions, endome-
trial abnormalities, and congenital anomalies

* decide the stimulation protocol for adequate
response

As selection of dominant follicle occurs early
in the follicular phase, OI drugs are initiated
within 3 days of the menstrual cycle if (Fig. 2.10)

Fig.2.9 Baseline scan before ovulation induction, to rule out (OI TRO) pathology

Fig.2.10 Ceriteria for initiation of ovulation induction drugs



2 Monitoring Ovarian Stimulation: Current Perspectives

the follicular size is <10 mm, there are no ovarian
cysts, endometrial thickness is <6 mm, estradiol
levels are less than 50 pg/mL, and progesterone
level is less than 1.5 ng/mL. The dose of drugs
used should be tailored to each individual.
Ultrasound scanning is useful in monitoring the
response to oral ovulation agents like Clomiphene
citrate, Tamoxifen, and aromatase inhibitors in
anovulatory women. TVS is usually performed
4-5 days after the last dose of the oral ovulation
agent and then, every other day till the follicle is
14 mm, and then daily until a follicle of approxi-
mately 20 mm in diameter is seen. Ovulation trigger
is given with either recombinant-hCG, 250 pg sub-
cutaneous (SC) or urinary hCG, 5000 IU intramus-
cular (IM) or GnRH agonist, 1 mg SC (Fig. 2.11).
Ovulation induction with gonadotropins
overcomes the normal feedback mechanism that
allows for physiological unifollicular ovulation,
causing growth of a cohort of follicles at various
stages of development. For an IUI cycle, only a
maximum of two or three follicles are required
to prevent OHSS and multiple pregnancies. To
prevent these complications, gonadotropin use
requires close monitoring with ultrasound and
E2 levels. In ovulation induction cycles, a base-
line ultrasound scan is performed to exclude
functional ovarian cysts, as well as other pelvic
pathologies. Monitoring is usually carried out
using TVS on day 4 of treatment and then on day
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7 and then depending on the follicular diameter,
the scans are repeated either daily or on alternate
days. The dose of exogenous gonadotropins is
adjusted according to the response. If two lead-
ing follicles (>18-20 mm) are seen, human cho-

rionic  gonadotropin  (hCG) should be
administered. IUI is done 36 h after the hCG
injection.

When gonadotropins are used for COS in ART
(Fig. 2.12), the monitoring is more stringent due
to multifollicular development. When measuring
large number of follicles, the interobserver varia-
tion in measurement is larger than the intra-
observer variation and therefore, follicular
tracking is more accurate when each scan is per-
formed by the same clinician [11].

The gonadotropins are initiated after a base-
line scan on day 2 or 3 is normal, and the first
scan after initiation of gonadotropins is done on
the 4th day. Further adjustment of the gonadotro-
pin dose depends on serial USG findings and E2
levels as follows.

Change in the dose depending on the USG fol-
licular tracking:

If on Day 4

e Number of follicles <4, dose increased by
37.5/75 U

e Number of follicles >8 dose reduced by
37.5/751U

Follicular tracking in ovulation induction cycles
Timed intercourse/intrauterine insemination

Fig.2.11 Monitoring a TI or 20 mm

CC/tamoxifen cycles

Base line scan on day 2 or 3

Subsequent scan - 8 days later
Determines timing of next scan

If dominant follicle >14 mm
within 24 h

Rate of growth 2—4 mm/day

Administration of hCG when v
dominant follicle

GT cycles

Base line scan on day 2 or 3

A\ 4
Subsequent scan - 4 days later

Determines response

\4

Next - 2 days later

Determines timing of
subsequent scan and GT dose

Administration of hCG when
dominant follicle 18-20 mm

IUI cycle
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Fig.2.12 Monitoring an ART cycle

Fig.2.13 Preovulatory
follicle

If on Day 7

* Rate of growth <2-3 mm/day and <4 follicles,
which are <12 mm in size dose increased by
37.5/751U

* Rate of growth >2-3 mm/day and number of
follicles >10, which are > 12 mm in size the
dose is decreased by 37.5/75 TU

Once dominance is achieved, the follicular
growth is approximately 2-3 mm per day. Hence,
we continue the same dose if follicular growth is
2-3 mm/day. Thereafter, the dose is increased or
decreased depending on the rate of growth and
number of dominant follicles along with E2 levels.
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Follicular growth in ovulation induction cycles
ART - GT + GnRH agonist or antagonist

| Base line scan on day 2 or 3 |

'

| Subsequent scan - 4 days later - determines response |

!

Next — 2 days later — determines timing of subsequent
scan and GT dose/administration of antagonist

|

At each scan, the size of all follicles documented
Daily scans once follicular diameter 12 mm or >
Administration of hCG - >3 dominant follicle 16-18 mm
or 35-36 h later

Monitoring preovulatory follicles with folli-
cle diameters (Fig. 2.13) has limitations to pre-
dict oocyte quality. Although the follicle growth
pattern may be a predictive indicator of the
oocyte quality [12], it is difficult to identify
individual follicle changes in multiple ovarian

follicle growth
stimulation.
Transvaginal sonography, performed by an
experienced operator, and the daily measure-
ments of serum E2 concentrations may have lim-
ited value in predicting the success of the cycle
or the risk of OHSS. Probably, hormonal moni-
toring along with ultrasound is required only in

induced by gonadotropin
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cases where there is a poor response or hyper-
response. It is also required in those cases who
are undergoing frozen embryo transfer (FET) in
anatural cycle. Usually, the serum E2 concentra-
tions are proportional to the amount of LH in the
gonadotropin preparation used; it is lower in
only FSH cycles as compared to those where
human menopausal gonadotropin (hMG) is
administered.

Color Doppler Studies of Ovarian
Circulation

Using color Doppler, one can detect the vascu-
larity of the ovarian stroma, follicular surface,
and corpus luteum. PD analysis is an indirect
indication of “health” of the follicle and pos-
sibly developmental competence of the corre-
sponding oocyte. We know that initiation and
maintenance of follicular growth depends on
the development of perifollicular microvascu-
lar network and intrafollicular hypoxia can
have an effect on mitochondrial function and
chromosomal organization in oocytes and early
embryos [13].

Thus, quantitative and qualitative assessments
of perifollicular flow allow more accurate assess-
ment of follicular competence (Fig. 2.14).

Fig.2.14 Perifollicular blood
flow

29

Follicles that have more than 75 % of their sur-
face perfused, ovarian stromal PSV of more than
10 cm/s, and RI of less than 0.4-0.48 contain
mature oocytes of satisfactory quality and result
in better grade of embryos.

Perifollicular Blood Flow (PFBF)

Grading

e Grade 1: Blood flow (BF) <25 % of the
follicle’s circumference

e Grade 2: BF >25 % but <50 %

¢ Grade 3: BF >50 % but <75 %

e Grade4: BF >75 %

The perifollicular blood flow characteris-
tics, measured by color Doppler images, are
related to the intrafollicular oxygen content
and vascular endothelial growth factor (VEGF)
concentration, and oocytes from severely
hypoxic follicles were associated with high
frequencies of abnormalities in the organiza-
tion of the chromosomes on the metaphase
spindle [14].The best predictors of IVF out-
come are the ovarian flow index (FI) using 3D
ultrasound and power Doppler angiography
(PDA) on the hCG day and the transfer of
grade 1 embryos [14].

Follicles having a perifollicular blood flow of
>50 % have increased oocyte retrieval rate with

RtOv-PS

Rt Ov-ED

Rt Ov-S/D

Rt Ov-PI
RtOv-RI

Rt Ov-MD

Rt Ov-TAmax
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more number of mature oocytes with high fertil-
ization rate and lower triploidy rates.

Rising PSV with steady low RI suggests
that the follicle is close to rupture (follicular
PSV goes as high as 45 cm/s an hour before
ovulation), whereas steady or decreasing PSV
with rising RI suggests that the follicle is pro-
ceeding towards LUF. It was also observed
that fertilization of a follicle with PSV of less
than 10 cm/s has high chances of the embryo
being chromosomally abnormal.

Doppler in the secretory phase gives an idea
about the function of corpus luteum (CL).
Usually, the RI of the corpus luteum (Fig. 2.15) is
between 0.35 and 0.50. In luteal phase deficiency
(LPD), RI is 0.58 +0.04, PI is 0.70-0.80, and
PSV is between 10 and 15.

Luteal Phase Doppler

In the mid-luteal phase, the spiral artery RI is
0.48-0.52, uterine artery PI is 2.0-2.5, and uter-
ine artery PSV is 15-20 (Fig. 2.16). Increased
resistance to uterine blood flow in the mid-luteal
phase is an important contributing factor in
some cases of infertility. When pulsatility index
(PI) is used as the measure of impedance, it was

Fig.2.15 Doppler of corpus
luteum

M. Patil

found that a PI of <3.0 [15] or <3.34 [16] was
more favorable for pregnancy. No difference
was found in uterine or ovarian artery PI
between pregnant and non-pregnant women, but
there was a non-significant increase in uterine
receptivity when the uterine artery PI was in the
range of 2.0-2.99 on the day of embryo transfer
[17]. It was also seen that RI was found to be
significantly lower at the time of oocyte collec-
tion in women who achieved a pregnancy [15].
In a recent study, Ng and colleagues [18] per-
formed 3D ultrasound power Doppler 1 day
after the LH surge in women undergoing frozen
embryo transfer in natural or Clomiphene-
induced cycles. These investigators found that
endometrial thickness, endometrial volume,
endometrial pattern, uterine PI, uterine RI, and
endometrial and subendometrial 3D power
Doppler flow indices were similar between the
non-pregnant and pregnant groups [18]. They
concluded that measurement of uterine artery
blood flow should not be part of routine IVF
practice. It was also emphasized in this study
that the age of women was the only predictive
factor for pregnancy. Early secretory transfor-
mation of endometrium is a feature of LPD [18].

/}m"'*ﬁ‘u\ﬂmﬂ“
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Fig.2.16 Luteal phase
uterine artery blood flow

Effect of Ovarian Stimulation Drugs
on PFBF

(a) Clomiphene citrate (CC): CC administration
reduces the ovarian and, specifically, the peri-
follicular vascularization [19]. In one study it
was noted that in polycystic ovary syndrome
(PCOS) patients who ovulate on Metformin
treatment, the ovarian blood flows are similar
to those observed in healthy women [19].

(b) Letrozole: Does not alter perifollicular blood
flow.

(c) Gonadotropins: LH activity in urinary gonad-
otropins is associated with > PFBF as com-
pared to recombinant FSH. In the group with
high perifollicular blood flow, the clinical
pregnancy rate was higher in women treated
with urinary gonadotropins as compared to
those treated with recombinant FSH (P<
0.05), although the numbers were small [20].

PFBF and ART Results

High grade ovarian PFBF in the early follicular
phase during IVF is associated with both high
grade PFBF in the late follicular phase and a
higher clinical pregnancy rate. In an oocyte

donation cycle, women who received embryos
originating from oocytes developed in well-vas-
cularized follicles had a statistically higher
pregnancy rate (34 % vs. 13.7 %) than women
who received embryos derived from oocytes
grown in more poorly vascularized follicles
[21]. It was also observed that poor responders
had significantly higher uterine and perifollicu-
lar Doppler flow resistances. Moreover, it was
noted that the pregnancy rate per cycle was sig-
nificantly higher in normoresponders (26 %)
than poor responders (6 %).

Ultrasound Assessment
of the Endometrium

Synchronization between endometrial and
embryo development is an essential prerequi-
site for successful implantation and therefore,
monitoring endometrial changes during ovula-
tion induction is important. Monitoring endo-
metrial changes when tracking follicular growth
is a reliable bioassay of the patient’s estrogenic
status. The changes correlate with plasma E2
and P4 levels. The endometrium undergoes
cyclic morphological as well as histological
changes throughout the menstrual cycle. During
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menstruation, the endometrium appears as a
thin echo that gradually thickens throughout the
proliferative phase to reach the typical periovu-
latory trilaminar appearance. After ovulation,
the rise in circulating progesterone induces
stromal edema and growth of spiral arterioles,
resulting in increased echogenicity of the thick
secretory endometrium.

Various ultrasonographic indicators have been
investigated for the evaluation of endometrial
receptivity in spontaneous and stimulated cycles,
including endometrial thickness, endometrial pat-
tern, uterine artery, and endometrial blood flow.

The morphology of the endometrium in the
different phases of menstrual cycle is illustrated
below (Fig. 2.17).

* Early proliferative phase — translucent and
thin on either side of mid-line echo

e Late proliferative phase — increase in thick-
ness with a hyporeflective area in the center

* Following ovulation — shrinks in thickness,
becomes dense echogenic on either side of
mid-line echo

Endometrial Receptivity Markers

Conventional Markers
¢ Thickness

* Morphology

e Uterine artery flow

¢ Peristalsis

M. Patil

Newer Markers

* 3D Endometrial volume

* 3D Endometrial configuration

¢ 3D Endometrial vascularity quantification

Many clinicians have reported no difference in
endometrial thickness between pregnant and
non-pregnant women [22, 23], while others have
observed a positive correlation between endome-
trial thickness and pregnancy outcome [24, 25].
Zhang and coauthors [26] found that increased
endometrial thickness was associated with
improved treatment outcome, but the association
was dependent on patient age, duration of ovarian
stimulation, and embryo quality [26]. On the
contrary, Richter and colleagues [27] found that
the higher clinical pregnancy and live birth rates
associated with increasing endometrial thickness
were independent of the effects of patient age and
embryo quality [27]. A meta-analysis demon-
strated that endometrial thickness is a better neg-
ative than positive predictor of implantation [28].
Different studies have proposed different endo-
metrial thickness cut-off levels for successful
implantation to occur: >6 mm [22], >10 mm
[25], and >13 mm [29]. There have been no
reports of adverse effects of a thickened endome-
trium on implantation, pregnancy, or miscarriage
rates in IVF [30].

An association has also been noted between
the ultrasound endometrial texture, echogenic
patterns, and serum hormonal (estradiol and pro-
gesterone) levels. In IVF cycles, a preovulatory,

Fig.2.17 Morphology of endometrium in the different phases of menstrual cycle. (a) Preovulatory, (b) at ovulation,
(c) post ovulation
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Fig.2.18 (a) Hyperechogenic endometrium, (b) triple-line pattern

echogenic, and homogeneous pattern has been
associated with premature rise in progesterone
levels, probably due to high LH levels in the early
proliferative phase or premature secretion of LH,
especially in the antagonist flexible protocol. This
is due to the presence of high estradiol levels,
which are related to multifollicular development.
Endometrial hyperechogenicity prior to ovulation
is a poor prognostic factor for pregnancy
(Fig. 2.18a). On the other hand, women with a
triple line pattern on the day of oocyte retrieval
conceived in 80.0 % of the cases (Fig. 2.18b).

The endometrial pattern with an outer hyper-
echogenic and inner hypoechogenic layer on the
day of oocyte retrieval had predictive value of
IVF treatment [31]. Homogenous and hyper-
echogenic sonographic endometrial pattern had a
predictive value of 100 % for a nonconceptional
cycle, whereas multilayered endometrium was
visualized in conception cycles [32].

The endometrial thickness and pattern also
provide useful information in FET or oocyte
donation cycles in which the endometrium is
supplemented with estrogen and progesterone
[15]. A minimal endometrial thickness of 6 mm
is required before embryo replacement for preg-
nancy to be achieved [33, 34]. In a study pub-
lished by El-Toukhy et al. [35] an endometrial
thickness of 9—14 mm on the day of progesterone
supplementation in an FET cycle was found to be
associated with higher implantation and
pregnancy rates compared with an endometrial

thickness of 7-8 mm [35]. They reported lowest
pregnancy rates when the endometrial thickness
was either less than 7 mm or more than 14 mm.

Endometrial Volume (Fig. 2.19)
The minimum endometrial volume, which is
associated with pregnancy, is 1.59 mL when cal-
culated by 3D ultrasound, but most pregnancies
occur in volumes of 2—13 mL. The calculation of
endometrial volume is particularly useful in cases
of synechiae, adenomyosis, and uterine anoma-
lies to predict the outcome of treatment.
Endometrial and subendometrial volume
increase rapidly during the follicular phase and
then remain almost unchanged during the luteal
phase [36].

Ultrasound Parameters, which
Indicate a Good Receptive
Endometrium Include:

¢ Endometrial morphology, which shows a “tri-
ple line” pattern.

* Endometrial thickness of 8-14 mm.

e Uterine vascularity — mean uterine artery PI
between 2 and 3 and uterine artery PSV
15-20 cm/s.

* Presence of subendometrial and endometrial
flow.

¢ Higher subendometrial vascularization index
(VID), FI, and vascularization flow index (VFI)
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Fig.2.19 Endometrial volume evaluation

were observed on the day of hCG in the con-
ception group.

e Endometrial volume of > 2 mL yields a sig-
nificantly higher pregnancy rates.

The persisting presence of endometrial fundo-
cervical waves after hCG administration results
in lower pregnancy rates. Normally, these are
seen till administration of hCG and later, the
wave direction switch occurs to cervico-fundal.
With this pattern of endometrial wave switch,
there is a higher likelihood of pregnancy. Less
than three peristaltic contractions of the suben-
dometrial myometrium at every 2 min interval
on the day of hCG administration is associated
with a poor implantation rate (IR). High estra-
diol levels in COS cycles are associated with
higher peristalsis, which negatively correlates
with implantation.

M. Patil

V....3.75 cm?
Live Mode

Number and Type of Waveform During

the Menstrual Cycle

» Follicular phase: 4-5 uterine contractions per
minute — retrograde

e Luteo-follicular transition: 2-3 uterine con-
tractions per minute — antegrade

e Luteal phase: <2.5 uterine contractions per
minute

The presence of high frequency uterine con-
tractions on the day of embryo transfer negatively
affects IVF-ET outcome. If frequency of con-
tractions is less or falls, the clinical pregnancy
rate rises [37].

Recently, pulsed Doppler and three-
dimensional color and power Doppler studies
have been applied to evaluate endometrial recep-
tivity by the uterine and endometrial blood flow
status.
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Endometrial and Subendometrial
Vascularity

Endometrial and subendometrial vascularity
indices (Fig. 2.20) are high throughout the fol-
licular phase; peak value is reached for 3 days
before ovulation and reduces to a nadir 5 days
after ovulation and then increases again during
the luteal phase [38]. Relative endometrial
hypoxia during the implantation phase aids
blastocyst implantation. Patients who get preg-
nant have a lower RI (0.53 vs. 0.64) and it was
observed that the hyperechoic endometrium had
a higher incidence of absent subendometrial
blood flow [39] and in these cases, no pregnancy
was reported [40].

Endometrial Vascularity Zones

by Applebaum (Fig. 2.21)

Zone 1 - Myometrium
endometrium

Zone II — Hyperechoic endometrial edge

Zone III — Internal endometrial hypoechoic zone

Zone IV — Endometrial cavity

surrounding  the

Conception rates are very low when vascular-
ity is not seen in Zone III-1V.

Fig.2.20 (a, b) Subendometrial blood flow
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Endometrial Blood Flow
Quantification

Endometrial blood flow quantification is done
using the 3D power Doppler (Fig. 2.22) with
VOCAL™  (Virtual Organ Computer-aided
Analysis). It is shell imaging, which is used to
define and quantify the power Doppler signal
within the endometrial and subendometrial
regions, producing indices of their relative
vascularity.

Endometrial Vascularization Using 3D
Power Doppler (Fig. 2.23)

Endometrial vascularization is calculated by
measuring the vascular index, flow index, vascu-
lar flow index, and flow vessel quotient.

e Vascularization index (VI) reflects number of
vessels in volume of tissue and is calculated
by dividing the number of color voxels by
total number of voxels.

¢ Flow index (FI) reflects the amount of blood
flow and is calculated by dividing the sum of
color intensities by number of color voxels.
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Fig.2.21 Endometrial vascularity zones

Fig.2.22 Endometrial blood
flow quantification

Vascularization flow index (VFI) reflects ves-
sel presence and blood flow and is calculated
by dividing the sum of color intensities by
total voxels.

Flow vessel quotient (FVQ) is calculated by
dividing flow index by vascular index (FI/VI)

We can use these indices in predicting the

occurrence of pregnancy.

* No pregnancy if VI <1.0
¢ No pregnancy if FI <31
¢ No pregnancy if VFI <0.25

Endometrial and subendometrial vascularity
(VI/FI/VH]) is significantly less (P<0.003) in
patients with low volume endometrium, but not in
those with thin endometrium [41]. It is also signifi-
cantly lower in stimulated cycles than that in the
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V6.10 cm?
Live Mode

Fig.2.23 Endometrial vascularization using 3D power Doppler

natural cycle [42]. CC reduces endometrial vascu-
larity as compared to Letrozole. In COS cycles,
endometrial blood flow was negatively affected by
E2 concentration [43] and hyper-responders tended
to have low VI/VFI 2 days after hCG administration
and also had a higher incidence of absent endome-
trial and subendometrial blood flow. Luteal phase
vascularity was also altered in high responders [42].

Endometrial Vascularity in Special
Situations

Fibroids: Endometrial and subendometrial 3D
power Doppler flow indices were similar in patients
with and without small intramural fibroids [44].

Hydrosalpinx: Patients in the hydrosalpinx
group had significantly lower endometrial and
subendometrial VI and VFIL.

Unexplained infertility: Endometrial and suben-
dometrial vascularities are significantly less during
mid to late follicular phase irrespective of E2 or P
concentrations and endometrial morphometry [38].

Repeated miscarriage: Patients with live births
had significantly higher endometrial VI and VFI and
subendometrial VI, FI, and VFI, when compared
with those who had a miscarriage. Of all the vascu-
lar indices, only endometrial VI was significantly
associated with the chance of live birth with an odds
ratio of 1.384 [95 % confidence interval (CI) 1.025—
1.869, P=0.034]. In FET cycles, patients with live
births had significantly higher endometrium VFI,
subendometrial VI, and VFI than those with miscar-
riages. Hence, one can conclude that endometrial
and subendometrial vascularity was significantly
higher in pregnant patients with live births following
stimulated IVF and FET treatment than in those
who suffered a miscarriage [45].
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Correlation of Endometrial
and Subendometrial Blood Flow
to Pregnancy Rate in ART

Endometrial and subendometrial blood flow on
the days of hCG and on the day of embryo trans-
fer and the percentage change in endometrial and
subendometrial blood flows between these 2 days
were not predictive of pregnancy in ART cycles
[41]. It is just prognostic and not a predictive
index in ART cycles.

Maintenance of Records During
Monitoring of an Ovulation
Induction Cycle

For optimal outcome of infertility treatment,
monitoring of the ovarian response in COH
cycles should be plotted in a chart. Follicular
growth, recorded on these specially designed
charts (Fig. 2.24) allows us to see all the relevant
characteristics of the cycle at a glance.

These include

* Date and day of cycle
* Number of developing follicles in each ovary
* Dynamics of follicular growth

Name Age

LMP

M. Patil

¢ Endometrial thickness

* Type of ovulation regimen

¢ Quantity of medication used

¢ Baseline hormone levels

¢ E2, if required, in the proliferative phase

e E2 and P4 on the day of hCG

* Any change in the dose and hormonal evalua-
tion done must also noted

* Date and time of administration of hCG

Follicles can occasionally be confused with
other pelvic structures, but they can be differenti-
ated by rotating the transducer 90°. If the struc-
ture is a vessel, it will then elongate, acquiring a
tubular shape. The internal iliac artery can easily
be identified by its arterial pulsations, while a
hydrosalpinx generally has a less regular shape.

Ultrasound, after oocyte retrieval and before
embryo transfer, can also identify fluid in the
endometrial cavity (Fig. 2.25) and is usually
associated with a poor prognosis. It could be
present due to excessive cervical mucus that
ascends into the endometrial cavity, fluid reflux
from a hydrosalpinx, subclinical uterine infec-
tion, and abnormal endometrial development.

The presence of persistent fluid accumulation
at the time of embryo transfer warrants freezing
of all embryos and transfer in a subsequent cycle.

Attempt No

Treatment: IVF/ICSI/TESA-ICSI/IUI/Planned relations/Others

Baseline scan: Uterus:
Ovaries: Normal

Right Ovary 1 2 3 4

Abnormal

Left Ovary 1 2 3 4

Note: 1. Cyst 2. Multiple Follicles 3. Not located 4. Poorly seen

Drugs Used: Clomephene/Tamoxifen/Letrazole/FSH/hMG/Rec
FSH/Rec LH/hCG/GnRH agonist/GnRH antagonist/ Dexamethazone

Serial Ultrasound scan

Date  Day Right @ Left
of |Ovary Ovary etrial de a

cycle thickn |sac
ess | flu
id

Fig.2.24 Follicular monitoring chart

Endom Cul GnRH GnRH FSH hMG hCG|FSH LH E2 P4

A miU miU | pg | ng/
/ml | /ml | /m | ml
|



2 Monitoring Ovarian Stimulation: Current Perspectives

Fig.2.25 Fluid uterine cavity

Uterine Artery Blood Flow

There have been conflicting reports in the litera-
ture regarding the usefulness of the application of
color Doppler ultrasound for monitoring and pre-
dicting pregnancy outcome of IVF cycles. It was
observed that uterine blood flow is a poor reflec-
tor of subendometrial blood flow during stimu-
lated and natural cycles, and its measurement
cannot reflect endometrial blood flow during
stimulated cycles [18].

Several studies used the pulsatility index (PI) as
the measure of impedance and determined that a PI
of <3.0 [46] or <3.34 [22] was more favorable for
pregnancy. More recently, Steer and coauthors [16]
found similar results in women undergoing FET in
a downregulated hormonally prepared cycle [16]. In
contrast, other researchers found that uterine artery
PI did not significantly change until the mid-luteal
phase. No difference was found in uterine or ovar-
ian artery PI between pregnant and non-pregnant
women, but there was a non-significant increase in
uterine receptivity when the uterine artery PI was in
the range of 2.0-2.99 on the day of embryo transfer
[17]. Other investigators used resistance index (RI)
and found that it was significantly lower at the time
of oocyte collection in women who achieved a preg-
nancy [15]. In a recent study, Ng and colleagues
[18] performed 3D ultrasound power Doppler 1 day
after the LH surge in women undergoing FET in
natural or Clomiphene-induced cycles. The age of
women was the only predictive factor for preg-
nancy. Endometrial thickness, endometrial volume,
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endometrial pattern, uterine PI, uterine RI, and
endometrial and subendometrial 3D power Doppler
flow indices were similar between the non-pregnant
and pregnant groups [18]. Currently, measurement
of uterine artery blood flow should not be part of
routine IVF practice.

Uterine arterial blood flow was lower in CC—
stimulated cycles during the periovulatory period
than those in the spontaneous menstrual cycles
[47], and also demonstrated that uterine vascular
impedance on the day of ovulation was lower in
the conception cycles, while there were no differ-
ences between conception and non-conception
cycles in the luteal phase [48].

Tridimensional Automated USG
for Monitoring Controlled Ovarian
Stimulation Cycles

Two-dimensional USG is difficult and less reli-
able in the presence of numerous follicles of
different sizes during COS and is also rela-
tively arbitrary. Accurate assessment of follic-
ular size is required for timing and oocyte
collection as significantly less mature oocytes
are recovered from follicles with a mean diam-
eter of <15 mm. Three-dimensional ultraso-
nography-based automated volume count
(SonoAVC) can individually identify and
quantify the size of any hypoechoic region
within the 3D data sets (Fig. 2.26), providing
an automatic estimation of their absolute
dimension and volume. It estimates the volume
of follicle to within +0.5 cm?®. This enables the
quantification of an unlimited number of vol-
umes that arise in a COS cycle, as it eliminates
the possibility of measuring the same follicle
more than once. Thus, Sono AVC is a quicker
and more reliable method of measuring folli-
cles in a COS cycle, but its effect on the preg-
nancy rate has not yet been studied. The
number of the mature oocytes, fertilized
oocytes, and clinical the pregnancy rates (42 %
vs. 43 %) were similar with both 2D ultrasound
and Sono AVC methods [49].
Three-dimensional ultrasound with Sono
AVC significantly improves the interobserver
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reliability of antral follicle counts and allows
quicker assessment of follicle size and number,
making it an important tool in the assessment
of ovarian reserve.

It however, has the following disadvantages:

* Increases time of ultrasound as a lot of time
may be spent postprocessing.

e If two or three follicles are close by, it mea-
sures them as one, and it is the operator who
needs to identify and separately count these
follicles using the snipping tools.

* At times, certain follicles may not be mea-
sured at all and the operator needs to scan the
ovary in X-, Y-, and Z-axis to identify the left
out follicles.

e The clinical outcome of assisted reproduction
treatment also did not show any improvement

a

with the use of SonoAVC, and so we need to
determine whether it is cost-effective to be
used routinely in all IVF cycles [50].

Monitoring Abnormal Response
(Figs. 2.27,2.28,and 2.29)

Ultrasound is also useful in monitoring abnormal
response to ovulation induction, which includes
premature luteinization, LUF, endogenous LH
surge, poor response, hyperstimulation, presence of
retention or functional cysts, and ovarian torsion.

Premature Luteinization (Fig. 2.27a)
Follicles <15 mm with echoes are seen and
these correlate with high P4 levels in the fol-

Fig. 2.27 Abnormal response to ovarian stimulation. (a) Premature luteinization, (b) LUF, (¢) Poor response,

(d) Hyper-response

Fig.2.29 Functional and retention cyst
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licular phase. A premature and suboptimal LH
surge results in progesterone production but no
ovulation, and oocyte maturation without fol-
licular rupture. It is associated with poor qual-
ity oocytes and embryos with an out of phase
endometrium thus, reducing the implantation
rate.

Luteinized Unruptured Follicle (LUF)

(Fig. 2.27b)

Luteinized unruptured follicle is diagnosed when
the dominant follicle is still apparent 48 h after
administration of hCG or LH surge. The size of
the follicle may reach 34-36 mm and has thick
walls and may have internal echoes. The endo-
metrium is thick and echogenic with no fluid in
the pouch of Douglas. It is due to insufficient
strength of the LH surge to induce follicular rup-
ture but sufficient to induce oocyte maturation.

Endogenous LH Surge

Endogenous LH surge is seen on ultrasound as a
premature rupture of follicles at a diameter of less
than 16-17 mm. It is associated with compro-
mised oocytes and embryo quality as a result of
exposure to inappropriate LH levels. This requires
extensive endocrine monitoring and can be pre-
vented with the use of GnRH agonists or
antagonists.

Poor Response (Fig. 2.27¢)

Poor response can be predicted by estimating the
baseline AFC and ovarian volume (<3-4 AFCs
and volume <3 mL). At times, the AFC may be
normal but the women may not respond to gonad-
otropins for various reasons, so the presence of
less than two to three follicles on ultrasound on
day 7 of ovulation induction with gonadotropins
also suggests poor response.

Ovarian Hyperstimulation Syndrome
(OHSS) (Figs. 2.27d and 2.28)

Ultrasound is essential for the prevention, diag-
nosis, and monitoring of OHSS. Judicial use of
TVS for follicular monitoring while inducing
ovulation with gonadotropins remains critical for
the prevention of OHSS. TVS is also used to
monitor the ovarian volume, keep record of num-
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ber of follicles and corpus luteum and their size,
diagnose ascites and pleural effusion when moni-
toring for the progress of OHSS. Ultrasound can
also be used to guide paracentesis of the ascites
or pleural effusion in cases, which develop severe
respiratory distress to avoid trauma to ovaries or
other abdominal structures.

Functional Cyst (Fig. 2.29)

Functional cyst is diagnosed by the presence of
cyst at prestimulation baseline scan on day 2 or 3
of the menstrual cycles following GnRH agonist
stimulation for downregulation. It is character-
ized by sharp edges and anechogenic contents
and is due to the initial FSH surge, which occurs
after commencement of GnRH agonist in a long
downregulation cycle. The presence of a func-
tional cyst requires either cancellation of cycle or
an ultrasound-guided aspiration of the cyst before
commencing ovulation induction.

Persistent/Retention Cyst (Fig. 2.29)

The presence of cyst at baseline scan suggests a
follicle from previous cycle or a persistent corpus
luteum. It may result due to growth of the smaller
follicles following the hCG trigger. No drugs are
administered for ovulation induction in the pres-
ence of a retention cyst. It is followed ultrasono-
graphically and if persistent may require medical
or surgical treatment.

Hormonal Monitoring

Fertility is associated with marked daily changes
in hormone output, especially estradiol, LH, and
progesterone. Any pattern that shows no changes
from day to day denotes infertility, and estima-
tion of these hormones during ovulation induc-
tion may prove useful. Evaluation of hormonal
values can predict both ovarian reserve as well as
ovarian response.

Prediction of Response

Accurate prediction of ovarian response enables
the clinician to choose the right protocol opti-
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mizing the outcome and preventing complica-
tions like OHSS and multiple pregnancies. At
one extreme of the response spectrum, we can
identify women who are at risk of OHSS and can
adjust our stimulation strategy to incorporate
GnRH antagonists [51]. We thereby minimize
the risk of this potentially fatal complication, but
potentially even more importantly, we have the
ability to completely eliminate it by adopting a
GnRH agonist trigger before oocyte retrieval
[52]. For potential poor responders, we currently
use a flare strategy because of its reduced treat-
ment burden and ability to capitalize on endog-
enous LH activity, in accordance with recent
studies supporting a beneficial role of LH in
older women [53].

Achieving an appropriate ovarian response
without cycle cancellation or adverse events
related to under- or overstimulation to anti-
estrogens or exogenous gonadotropins is impor-
tant. To predict ovarian response to ovarian
stimulation and to individualize the starting dose
of exogenous gonadotropins or the need for
exogenous luteinizing hormone, various hor-
monal tests have been suggested. These include
FSH, AMH, and estradiol levels. The standard
first-line investigation to assess ovarian function
is measuring FSH though it has a much lower
correlation with primordial follicle counts and
follicular recruitment rates and has limited ability
to diagnose ovarian dysfunction, including
PCOS. Today AMH is considered to be the best
marker for the prediction of ovarian response
with a strong linear relationship of AMH with
AFC in predicting ovarian reserve.

The ROC regression analysis demonstrated a
high accuracy for AMH and for AFC in predict-
ing poor response, but only a moderate accuracy
for FSH. In predicting pregnancy after IVFE, all
three ovarian reserve tests (ORT) had only a very
small or no predictive effect.

Basal FSH

Basal FSH is an indirect measure of the size of
follicle cohort [54]. Basal serum FSH concentra-
tions increase on day 2, 3, or 4 of the menstrual
cycle with advancing reproductive age. FSH is
commonly used as a measure of ovarian reserve,
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and high values have been associated with, but do
not necessarily predict both poor ovarian stimula-
tion and the failure to conceive. Its role is limited
in the evaluation of young healthy women [55].

Multiple cut-off values above 10 IU/L (10-
20 IU/) demonstrate high specificity (83-100 %
range) but poor sensitivity (10-80 %) for predict-
ing poor response to stimulation (<2-3 follicles or
<4 retrieved oocytes) [56]. Using similar cut-off
values, the sensitivity for predicting pregnancy is
very low. High FSH levels have not been associ-
ated with an increased risk of aneuploidy in preg-
nancies resulting from IVF [57, 58]. Although
FSH rises with increasing reproductive age, it
remains unknown whether high FSH levels in
women of reproductive age predict an earlier onset
of menopause [59]. Elevated day 3 FSH is a het-
erogeneous group, which could be either due to
true reduced ovarian reserve, presence of hetero-
phylic antibodies or FSH receptor polymorphism
in patients with otherwise normal ovaries [60].
Pregnancy rates are significantly higher (P <0.05)
in women with normal FSH in those aged
<36 years compared to those aged >36 years [61].
Consistently elevated FSH concentrations confer a
poor prognosis [62], a single elevated FSH value
in women <40 years of age may not predict a poor
response to stimulation or failure to achieve preg-
nancy [63]. It does not diagnose poor ovarian
reserve until high thresholds are reached [62].

Limited evidence suggests that women with
fluctuating FSH levels should not wait for the
“ideal” cycle, wherein the FSH concentration is
normal, to undergo IVF stimulation [64, 65]. Thus,
a basal FSH level has limited utility as a screening
test [56, 62, 64-66]. A single FSH value has very
limited reliability because of inter- and intra-cycle
variability (particularly, if it is not elevated).
Elevated day 3 FSH/LH ratio due to low LH con-
centrations predicts reduced ovarian response and
is associated with an inferior outcome in IVF treat-
ment cycles and may be used as an additional pre-
dictor for decreased ovarian response.

Estradiol

As a test of ovarian reserve, basal estradiol on
day 2, 3, or 4 of the menstrual cycle has poor
inter- and intra-cycle reliability [67]. Very low
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predictive accuracy, both for poor response or
excessive response and therefore, basal estradiol
alone should not be used to screen for ovarian
reserve. The test has value only as an aid to cor-
rect interpretation of a “normal” basal serum
FSH value. Elevated day 2 estradiol values (>75—
80 pg/mL) indicate an inappropriately advanced
stage of follicular development, consistent with
ovarian aging or simply reflect the presence of
functional ovarian cysts. No relationship has also
been found between serum E2 levels and preg-
nancy rates [68]. Thus, the use of day 2 estradiol
value for the prediction of ovarian reserve is still
debatable [69].

Inhibin B

Normal day 3 inhibin B value is > 45 pg/mL.
Using 45 pg/mL as the threshold for low ovarian
reserve, has specificity between 64 and 90 % and
sensitivity between 40 and 80 %. The positive
predictive value (PPV) of inhibin B is generally
low (19-22 %), and the negative predictive value
(NPV) is high (95-97 %) in general IVF popula-
tions [70-72]. In populations at high risk for
decreased ovarian reserve, PPV can be as high as
83 % [72]. The odds ratio for a clinical preg-
nancy (basal serum inhibin >45 pg/mL versus
<45 pg/mL) was 6.8 (CI 1.8-25.6). It is a better
predictor for cycle cancellation than ovarian
response and is influenced by the amount of fat
in an individual, with lower levels in obese
women [73].

AntiMullerian Hormone (AMH)
Serum concentrations of AMH, produced by
granulosa cells of early follicles, are gonadotropin-
independent and therefore, remain relatively con-
sistent within and between menstrual cycles in
both normal young ovulating women and in
women with infertility [67, 74—76]. The true indi-
vidual cycle fluctuation of AMH is about 11 %.
For hyper-response, the optimal cut-off value
of 3.36 ng/mL has a sensitivity of 90.5 % (95 %
CI 69.6-98.5) and specificity of 81.3 % (95 % CI
75.8-86.0) [77]. Sensitivity and specificity of
AFC and AMH for the prediction of high ovarian
response were 89 % and 92 % for small AFCs
and 93 % and 78 % for AMH at the cut-off values
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of >16 and >34.5 pmoL/L, (4.86 ng/mL), respec-
tively. On the other hand, for prediction of poor
response, the optimum cut-off value for AMH is
0.99 ng/mL and the post-test probability was
highest at cut-off levels of 0.59 ng/mL [1].

Dynamic Tests: Clomiphene Citrate
Challenge Test (CCCT) and Exogenous

FSH Ovarian Reserve Test (EFORT)

Inhibin B increment in the EFORT has best dis-
criminative potential for hyper-response (ROC-
AUC 0.92). E2 increment in EFORT, CCCT, and
bFSH, at different cut-off levels, was of less clini-
cal relevance compared with inhibin B increment
in the EFORT at the cut-off level of 130 ng/L for
the prediction of hyper-response [78].

CCCT appeared to have the best discrimina-
tive potential for poor response, as expressed by
the largest ROC-AUC (0.88) followed by inhibin
increment in EFFORT. E2 and inhibin B incre-
ment in EFORT and bFSH at different cut-off
levels were of less clinical relevance compared
with CCCT at the cut-off level of 18 IU/1, which
has a 85 % positive predictive value [78].

Hormonal Monitoring
in an Ovulation Induction Cycle

Ovulation induction without the use of gonadotro-
pins (GT) and GnRH analogs is easy and occa-
sionally requires measurement of E2 levels
depending on the response, endometrial thickness,
and number and size of follicles. Estimation of LH
in these cycles allows us to precisely identify the
time of ovulation and therefore, is used in natural
cycles and oral ovulation-inducing cycles.
However, with the use of GT and GnRH analogs in
ART cycles, both E2 and LH are monitored more
often. We very well know that premature LH surge
can impair the development of the oocyte and
affect its fertilizing ability and it needs to be
detected. A premature LH surge can occur with
high levels of E2 in the mid-follicular phase. This
could be due to the use of estrogen in the early part
of follicular cycle and development of large num-
ber of follicles resulting in high E2, especially in
cycles where GnRH analogs are not used.
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Serum LH

The relationship between follicle size and the
serum E2 level is not sufficiently strong to predict
the LH surge confidently on the basis of only one
variable, but it has been observed that LH surge is
unlikely to occur before the follicle diameter has
reached 15 mm and/or the serum E2 level has
reached 164 pg/mL. LH levels should be mea-
sured daily once the follicle reaches 15—16 mm to
determine the LH surge and the exact time of ovu-
lation. The mean peak value of LH is 97 U/L/24 h
with a standard deviation =/-78 U/L. The LH
surges that result in ovulation are extremely vari-
able in configuration, amplitude, and duration.

LH Surge Can Be Detected by

Measuring

1. Serum LH levels.

2. Metabolites of LH in urine using urinary LH
detection kits. Urinary hormone metabolites
accurately reflect LH and correspond to serum
patterns and thus, a high predictive value for
detecting ovulation. Detection of the LH surge by
aurinary LH test may have false-negative results.
*  When peak levels are 40 IU/L
e When women have surges of 10 h in

duration
*  When diluted urine is tested

A study by Lloyd et al. showed that when LH
kits alone were used to time TUI

* 36 % of inseminations were timed incorrectly
* 15 % of women had already ovulated

Serum Estradiol Levels

By day 5-8 of the menstrual cycle, aromatase
activity begins in granulosa cells of follicles
larger than 6-8 mm, with the dominant follicle
producing more estradiol-17b than other follicles
in the cohort [79-83].

To best reflect the ovarian response to stimu-
lation and provide for an efficient flow of infor-
mation, gonadotropins are generally administered
in the evening, typically between 5:00 p.m. and
8:00 p.m., and serum estradiol measurements are
obtained early in the morning. Results are usu-
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ally available for review by mid-day, and change
in the dose and duration of gonadotropins can be
made. Follicles less than approximately 10 mm
in mean diameter produce relatively little mea-
surable estrogen and larger follicles secrete pro-
gressively more as they grow and approach
maturity. Usually, estradiol levels rise at a con-
stant exponential pace, doubling approximately
every 2-3 days over the days before peak follicu-
lar development is achieved. A shallower or
steeper slope of increase suggests the need to
increase or decrease the level of stimulation. In
contrast to a natural cycle, the linear relationship
between follicle size and E2 measurements is
lost due to the presence of many developing fol-
licles that contribute to the circulating E2. In the
natural ovulatory cycle, estradiol levels peak
between 200 and 400 pg/mL, just before the LH
surge. Comparable levels of estradiol should be
expected in gonadotropin-stimulated cycles, for
each mature follicle observed. In a COS cycle,
one must also consider the number and size of
smaller follicles and their lesser but collective
contributions to the serum estradiol concentra-
tion apart from the large follicles when measur-
ing estradiol levels. Cycle fecundability increases
with serum estradiol levels; unfortunately, so do
the risks of multiple pregnancy and ovarian
hyperstimulation and this is due to multifollicu-
lar development, making more oocytes available
for fertilization. With existing COS regimens,
best results are generally obtained when estra-
diol concentrations peak between 500 and
1500 pg/mL; pregnancies are uncommon at lev-
els below 200 pg/mL.

Normal follicular growth correlates with E2
measurements and therefore, it can be measured
to modulate the dose of gonadotropins in the fol-
lowing manner.

The initial dose changed after 4-5 days
depending on the E2 levels

e Ifarise >100 % is observed, then the dose is
reduced by 75 IU.

e If a rise <50 % is observed, the dose is
increased by 75 IU.

e If a rise between 50 and 100 % is observed,
same dose is maintained.
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Plateauing or decreasing levels require cancel-
lation of the cycle.

Progesterone

Progesterone levels are estimated on day 2 of the
menstrual cycle before COS is initiated and on
the day of hCG. Elevated progesterone (PE) is
associated with endometrial asynchrony and sub-
sequently, low pregnancy rates though the patho-
physiology of pre-hCG progesterone rise and its
impact on pregnancy outcomes remains incon-
clusive as no randomized controlled trials (RCTs)
are available. But Chu-Chun Huang et al. [84]
studied 1784 IVF/ICSI cycles and concluded that
the clinical pregnancy rate was significantly
decreased in women with longer durations of
serum P elevation, independent of the protocol
used and the ovarian response [84].

Despite the use of GnRH analogs, a subtle
preovulatory rise in the serum P4 concentration
before the administration of hCG for final oocyte
maturation still occurred in 5-30 % of COS
cycles [85-87].

An inverse correlation was observed between
the clinical pregnancy rate and the duration of
preovulatory progesterone elevation and not the
absolute progesterone value on the day of hCG
administration. It was also noticed that these
patients tend to be younger with better reserves
and have lower baseline FSH levels [84].

PE on the day of hCG administration is asso-
ciated with a significantly decreased probability
of pregnancy after fresh embryo transfer in
women undergoing ovarian stimulation using
gonadotropins and GnRH analogs for IVF but not
after transfer of frozen—thawed embryos originat-
ing from that cycle. The corresponding numbers
needed to treat (NNT) is ~10, which means that
for every ten patients with PE, three instead of
four pregnancies should be expected [88].

It was also observed that E2 levels on the day
of hCG appear to be increased in the presence of
PE. In addition, there was some evidence that PE
is associated with an increase in the total amount
of FSH used for ovarian stimulation but not the
length of stimulation. Freezing embryos and
transferring them in a subsequent frozen—thawed
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cycle (the “freeze-all” strategy) has been pro-
posed as a way to bypass impaired endometrial
receptivity [89, 90], and it is also considered to be
the most frequently used method for managing
PE [91].

It was also observed that prolongation of fol-
licular phase is associated with a higher inci-
dence of premature secretory changes on the day
of oocyte retrieval in cycles stimulated with
recombinant FSH (r-FSH) and GnRH antago-
nists [92].

Cancellation of Ovarian Stimulation
Cycles

The definite indication for cancellation of cycle is
poor follicular growth and E2 levels of less than
100 pg/mL on day 5-6 of COS. The possible
indication for cycle cancellation may be the pres-
ence of an adnexal cyst secondary to GnRH ago-
nist used in A long protocol, risk of OHSS,
occurrence of an endogenous LH surge, or a
steady decline in E2 levels and poor ovarian
response.

Monitoring the Luteal Phase

What women want to know after treatment with
ovulation induction medication taken either for a
timed intercourse, IUI or ART cycle is whether
there is a pregnancy, whether it is in the right
place, is it normal, and is it going to continue
normally.

The most important hormones monitored for
this in the luteal phase are progesterone and beta
human chorionic gonadotropin (f-hCG).

Luteal Phase

During the luteal phase, the increased values of
progesterone and E2 play an important role in
the maintenance of the low FSH and LH levels.
During the luteal phase, the frequency of
GnRH pulses decrease, while the amplitude
increases [93] due to the high progesterone and
E2 concentrations [94, 95]. Gonadotropin
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secretion is also suppressed by E2 and proges-
terone, and this action is possibly mediated via
an increase in 3-endorphin activity in the hypo-
thalamus [96].

What we measure normally in the luteal phase
is day 21 progesterone levels in a 28-day
menstrual cycle, which will detect ovulation and
adequacy of the luteal phase. In irregular cycles,
the test may be performed later in the cycle and
repeated weekly until the next menstruation.
Progesterone has a pulsatile release; thus, a sin-
gle level may not be useful unless elevated.
Values of 10 ng/mL or more are suggestive of
normal progesterone production.

The capacity of the CL to produce progester-
one is closely related to the extent of its vascular
network [97-100]. CL angiogenesis is controlled
by local secretion of growth factors [101],
namely, vascular endothelial growth factor
(VEGF) [102-104].

The relation of blood flow indices in the
corpus luteum, measured by transvaginal color
Doppler ultrasonography and hormone pro-
files were studied; the velocity and the imped-
ance indices of the blood flow were both
associated with the P4/E2 ratio in spontaneous
and CC cycles, while the blood flow indices
and the P4/E2 ratio were not correlated in
COH cycles [105].

Progesterone is responsible for endometrial
decidualization, decrease in smooth muscle con-
tractility, decrease in prostaglandin (PG) formation
and immune responses (inhibits T-lymphocyte-
mediated tissue rejection).

Luteal-Follicular Transition

During the passage from the luteal to the next fol-
licular phase, an increase, or “intercycle rise,” in
serum FSH concentrations occurs. FSH starts to
increase 2-3 days before the onset of the men-
strual period [106], remains elevated during the
early follicular phase, and returns to the basal
value in the mid-follicular phase [107, 108].

In the absence of a pregnancy, there is a grad-
ual but significant decline in the levels of inhibin
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A, E2, and progesterone [109, 110], which is
responsible for the intercycle rise of FSH that
starts in late luteal phase.

The controlled ovarian stimulation cycle,
which aims to mature several FSH-sensitive
antral follicles during IVF/ICSI (intracytoplas-
mic sperm injection) treatment using gonadotro-
pins in a GnRH agonist or antagonist protocol
results in multi-folliculogenesis. After the hCG
trigger, all these follicles are converted into cor-
pora lutea after the release of oocytes in a timed
intercourse or IUI cycle or after oocyte retrieval
in an ART cycle. Several corpora lutea created
produce large amounts of progesterone and E2. If
there is a pregnancy, the hCG produced by the
chorionic villi will rescue the corpus luteum to
support early pregnancy.

Luteoplacental shift occurs at the 7-8 preg-
nancy week (Fig. 2.30). The dominant ovary vol-
ume and vascularization decrease throughout the
first trimester placenta and the gestational sac
grows continuously [111].

It was seen that the luteal activity signifi-
cantly increased for the first weeks of pregnancy
in a COS cycle. It was also observed that the
placental development may be delayed/dis-
turbed after COH and probably, this is the cause
for the adverse outcome after fresh ET follow-
ing a COS cycle. Therefore, today many clini-
cians are freezing all the embryos to be
transferred in the subsequent natural or hormone
replacement treatment (HRT) cycle to improve
the outcome.
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Monitoring Early Pregnancy After
Ovulation Induction

Monitoring early pregnancy after ovulation
induction can be done by measuring the proges-
terone and beta hCG levels along with transvagi-
nal ultrasound. A  single progesterone
measurement in early pregnancy is a useful test
for discriminating between viable and non-viable
pregnancies. A low progesterone value early in
the pregnancy, especially in the presence of a
positive beta hCG in patients presenting with
bleeding, pain, and inconclusive ultrasound
results can rule out a viable pregnancy [112].

At times, despite a positive beta hCG, the
pregnancy cannot be located on ultrasound. This
could be because the ultrasound is either per-
formed too early (before beta hCG is 1000 mIU/
mL) or too late in cases where the pregnancy has
failed or due to altered anatomy, it is too difficult
to visualize the pelvic structures or the pregnancy
is too bad to be seen.

In such cases, it is important to diagnose an
ectopic pregnancy as early as possible in order to
initiate treatment. A slow rise in beta hCG and
steady decrease in the progesterone levels are
suggestive of an ectopic pregnancy.

An absolute single serum hCG level had the
lowest diagnostic value, while strategies using
serum hCG ratios, either alone or incorporated in
logistic regression models, showed reasonable
diagnostic performance for EP.

In the presence of pregnancy of unknown
location (PUL), one has to balance fears of mis-
takenly treating intrauterine pregnancy against
missing a “life-threatening ectopic.” In such
instances, it inevitably leads to overdiagnosis of
ectopic pregnancy and employment of “preventa-
tive” management strategies. This may, at times,
harm a normal intrauterine pregnancy.

The majority of women with PUL (50-70 %)
have a spontaneously resolving pregnancy with
serum hCG levels declining to undetectable lev-
els. Such a pregnancy can either be a failed intra-
uterine pregnancy (IUP) or a resolved ectopic
pregnancy (EP), as the location of the pregnancy
remains undetermined. In some women, the
pregnancy duration is simply too short to allow
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its visualization on the initial scan. Follow-up
scans in combination with rising serum hCG lev-
els will eventually demonstrate an intrauterine
pregnancy (IUP). In 7-20 % of women with a
PUL, an EP is eventually diagnosed and these
women can be treated either with laparoscopic
surgery or medical therapy with systemic metho-
trexate (MTX). Only a minority of women will
have a persisting PUL, defined as an inconclusive
TVS in combination with a rise or plateau in
serial serum hCG levels. The optimal manage-
ment for persisting PUL is not known. Systemic
MTX as well as expectant management is
reported to be successful [113].

We also need to differentiate patients with
pathological pregnancy that will resolve sponta-
neously form those with pathological pregnancy
necessitating active therapeutic intervention
and those with an early normal intrauterine
pregnancy.

Future research involving progesterone test to
explore its relation with beta hCG may help in
predicting outcomes and calculating post-test
probabilities for the whole range of progesterone
and beta-hCG values.

Discussion

To ensure safe clinical practice, and prevent
OHSS and multiple pregnancies, it is important
to monitor treatment response carefully by serial
ultrasound scans and serum E2 levels. Evaluating
serum progesterone may help in improving the
success rate of ART treatment.

Baseline ovarian ultrasonography is prudent
between consecutive cycles of stimulation with
exogenous gonadotropins. In the absence of any
significant residual ovarian cysts or gross enlarge-
ment, treatment can begin again immediately
without the need for an intervening rest cycle.
Higher cycle fecundability and cumulative preg-
nancy rates have been observed in consecutive
treatment cycles than with alternating cycles of
stimulation and no treatment [114, 115]. When
baseline ultrasonography reveals one or more
residual ovarian cysts, it is usually best to briefly
postpone further treatment. Stimulation cycles in
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the presence of ovarian cysts are less often suc-
cessful [116], possibly because newly emerging
follicles can be difficult to distinguish from
regressing cystic follicles, leading to errors in
interpretation. Although many believe that sup-
pressive therapy with a cycle of oral contraceptives
helps in the regression of residual ovarian cysts,
there is no evidence that such treatment is more
successful than observation alone.

Studies of endometrial growth in exogenous
gonadotropin-induced ovulatory cycles suggest
that ultrasonographic measurement of endome-
trial thickness has great value. Cycle fecundity
increases with endometrial thickness, which cor-
relates with serum estradiol concentrations [117].
Few pregnancies result from cycles in which
endometrial thickness is less than approximately
7 mm on the day of hCG when treated with ovu-
lation induction drugs [118-120].

Previously, monitoring of ovarian function was
based mainly on measuring serum estradiol con-
centrations, and results were interpreted in relation
to the success rate and development of
OHSS. Moreover, previously it was thought that
complications were not dependent on monitoring
but on the stimulation protocol [121]. Today, we
know that monitoring as a whole cannot prevent
the complications but helps us identify patients at
risk of developing these complications and thus,
modify our protocols. In ART cycles, the goal is to
retrieve mature oocytes and this goal cannot be
reached by measuring estrogen only, since the
maturity of the oocyte is closely associated with the
size of the follicle, a parameter, which can accu-
rately be measured by ultrasound. In addition to the
size of the follicles, it has been shown that the best
marker for serum estrogen concentrations, and also
a major factor in the implantation process is the
endometrial thickness and its ultrasonographic tex-
ture, a parameter which, again, can adequately be
measured by ultrasound. Thus, ultrasound can be
used alone to accurately monitor. OI therapy for
both in vivo and in vitro fertilization by success-
fully measuring endometrial thickness and size of
ovarian follicles. Follicular growth, uterine mea-
surements, and endometrial thickness correlated
strongly with E2 concentrations (P<0.0001).
Endometrial thickness on the day of hCG adminis-
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tration was significantly higher (P<0.01) in con-
ception compared with non-conception cycles,
whereas no significant differences were observed
in serum E2 concentrations.

The chance of achieving a pregnancy, pre-
dicted by uterine artery Doppler and perifollicu-
lar blood flow in women whose PI values were
higher than 3.26 and 1.08 was very low, with a
sensitivity of 1.00 and specificity of 0.59 and
0.82, respectively. The data provided evidence
for an association between utero-ovarian perfu-
sion and reproductive outcome following IVF
treatment [122]. The ovarian volume, follicular
volume, vascularization index, flow index, and
vascularization flow index were significantly
greater in the pregnant group. 3D ultrasonogra-
phy and power Doppler angiography allow for an
easier ovarian assessment in IVF cycles [123].

Estradiol measurement may provide addi-
tional information in predicting OHSS or poor
response, which requires cycle cancellation,
though avoidance of estradiol and LH assay may
simplify the IVF protocols. Monitoring by both
ultrasound and estradiol levels is important in
those women, who are at risk of developing
OHSS. Evaluation of estradiol level during moni-
toring will help us in deciding between hCG and
GnRH agonist for triggering ovulation.

Apart from the selection of the appropriate
trigger, we could use certain preventive measures
like coasting, intravenous albumin or hydroxy-
ethyl starch solution (36 %), and cryopreserva-
tion of all embryos (33 %) with transfer in the
subsequent cycle.

In ovulation induction cycles with gonadotro-
pin, which do not use GnRH analogs, premature
LH rise or luteinization may occur. These cycles
require more stringent monitoring with ultra-
sound, serum LH, and progesterone along with
estradiol in order to accurately time hCG admin-
istration or detect ovulation in a non-ART cycles.

In ovulation induction cycles, which use
GnRH analogs, monitoring by ultrasound alone
is sufficient and will simplify the treatment and
its cost and also increase the patient’s conve-
nience. Measuring serum estrogen levels will
not add significantly to efficacy or safety of the
treatment.
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Summary

Monitoring helps the physician to choose the
most suitable protocol, to obtain best possible
outcome, avoiding complications.

Baseline USG provides valuable information
on ovarian morphology and allows the most
appropriate stimulation regimen to be chosen
to prevent OHSS and multiple pregnancies
and helps in predicting patients response to
ovarian stimulation.

AFC and AMH are equally accurate predic-
tors of high ovarian response to COS and
allow us to identify the patients who are at
increased risk for OHSS.

The relationship between AFC and AMH con-
centrations is more reliable than that observed
with FSH, inhibin B, and estradiol on cycle
day 3.

Basal FSH should not be used as a screening
tool but instead used to counsel patients appro-
priately regarding the realistic chance of con-
ception and aiding in the determination of
appropriate GT dose.

Induction of ovulation and IVF protocols can
be monitored successfully by measuring endo-
metrial thickness and size of ovarian follicles.
USG monitoring of follicular growth is the
most important tool in the assessment of prog-
ress in ovarian stimulation and improves the
chance of safe and effective treatment with
various ovulation induction agents.

USG also enables the diagnosis of disorders
and complications of ovulation induction.
Ultrasound can alone be used to accurately
monitor Ol therapy for both in vivo and
in vitro fertilization by successfully measur-
ing endometrial thickness and size of ovarian
follicles and correlates strongly with serum
estradiol concentrations.

Estradiol measurement may provide addi-
tional information in predicting OHSS or poor
response.

Evaluation of estradiol along with ultrasound
monitoring in women with a risk of develop-
ing OHSS helps in choosing the trigger for
ovulation and luteal phase support.
Monitoring the luteal phase helps confirm
ovulation, luteal function, and pregnancy.

M. Patil

Pregnancy can be documented by evaluation
of beta hCG 15 days after ovulation or by
ultrasound 20 days post-ovulation when beta
hCG is 1000 mIU/mL, an end point desired by
tracking ovulation.

Monitoring ovulation induction cycles adds to
the common pool of information, which
increases our knowledge and understanding of
human reproduction.

References

1. Jayaprakasan K, Campbell B, Hopkisson J, Johnson
I, Raine-Fenning N. A prospective, comparative
analysis of anti-Miillerian hormone, inhibin-B,
and three-dimensional ultrasound determinants of
ovarian reserve in the prediction of poor response
to controlled ovarian stimulation. Fertil Steril.
2010;93(3):855-64.

2. Tomas C, Nuojua-Huttunen S, Martikainen H, et al.
Pretreatment transvaginal ultrasound examination
predicts ovarian responsiveness to gonadotrophins
in in-vitro fertilization. Hum Reprod. 1997;12:
220-3.

3. Sharara FI, McClamrock HD. High E2 levels and
high oocyte yield are not detrimental to in vitro fer-
tilization outcome. Fertil Steril. 1999;72:401-5.

4. Syrop CH, Wilhoite A, Van-Voorhis BJ. Ovarian
volume: a novel outcome predictor for assisted
reproduction. Fertil Steril. 1995;64:1167-71.

5. Lass A, Skull J, McVeigh E, et al. Measurement of
ovarian volume by transvaginal sonography prior to
human menopausal gonadotrophin hyperstimulation
can predict poor response of infertile patients in an
IVF programme. Hum Reprod. 1997;12:294-7.

6. Kupesic S, Kurjak A. Predictors of in vitro fertiliza-
tion outcome by three-dimensional ultrasound. Hum
Reprod. 2002;17(4):950-5.

7. Jun SH, Ginsburg ES, Racowsky C, Wise LA,
Hornstein MD. Uterine leiomyomas and their effect
on in vitro fertilization outcome: a retrospective
study. J Assist Reprod Genet. 2001;18:139-43.

8. Fleischer AC. New developments in the sonographic
assessment of ovarian, uterine and breast vascularity.
Semin Ultrasound CT MR. 2001;22:42-9.

9. Raine-Fenning NJ, Campbell BK, Clewes JS,
Kendall NR, Johnson IR. The reliability of virtual
organ computer-aided analysis (VOCAL) for the
semiquantification of ovarian, endometrial and sub-
endometrial perfusion. Ultrasound Obstet Gynecol.
2003;22:633-9.

10. Hackeloer BJ, Robinson HP. Ultrasound exami-
nation of the growing ovarian follicle and of the
corpus luteum during the normal physiologie men-
strual cycle. Geburtshilfe Frauenheilkd. 1978;38:
163-8.



2 Monitoring Ovarian Stimulation: Current Perspectives

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Eissa MK, Hudson K, Docker MF, Sawers RS,
Newton JR. Ultrasound follicle diameter mea-
surement: an assessment of inter observer and
intra observer variation. Fertil Steril. 1985;44:
751-4.

Nayudu PL. Relationship of constructed follicular
growth patterns in stimulated cycles to outcome after
IVFE. Hum Reprod. 1991;6:465-71.

Van Blerkom J, Antczak M, Schrader R. The devel-
opmental potential of the human oocyte is related
to the dissolved oxygen content of follicular fluid:
association with vascular endothelial growth factor
levels and perifollicular blood flow characteristics.
Hum Reprod. 1997;12:1047-55.

Mercé LT, Bau S, Barco MJ, Troyano J, Gay R,
Sotos F, Villa A. Assessment of the ovarian volume,
number and volume of follicles and ovarian vascu-
larity by three-dimensional ultrasonography and
power Doppler angiography on the hCG day to pre-
dict the outcome in IVF/ICSI cycles. Hum Reprod.
2006;21:1218-26.

Serafini P, Batzofin J, Nelson J, Olive D. Sonographic
uterine predictors of pregnancy in women undergo-
ing ovulation induction for assisted reproductive
treatments. Fertil Steril. 1994;62:815-22.

Steer CV, Tan SL, Dillon D, Mason BA, Campbell
S. Vaginal color Doppler assessment of uterine
artery impedance correlates with immunohis-
tochemical markers of endometrial receptivity
required for the implantation of an embryo. Fertil
Steril. 1995;63:101-8.

Tekay A, Martikainen H, Jouppila P. Blood flow
changes in uterine and ovarian vasculature, and pre-
dictive value of transvaginal pulsed colour Doppler
ultrasonography in an in-vitro fertilization pro-
gramme. Hum Reprod. 1995;10:688-93.

Ng EHU, Chan CCW, Tang OS, Yeung WSB, Ho
PC. The role of endometrial and subendometrial
vascularity measured by three- dimensional power
Doppler ultrasound in the prediction of pregnancy
during frozen-thawed embryo transfer cycles. Hum
Reprod. 2006;21:1612-7.

Palomba S, Russo T, Falbo A, Orio Jr F, Manguso F,
Nelaj E, Tolino A, Colao A, Dale B, Zullo F. Clinical
use of the perifollicular vascularity assess-
ment in IVF cycles: a pilot study. Hum Reprod.
2006;21:1055-61.

O’Leary AlJ, Griffiths AN, Evans J, Pugh
ND. Perifollicular blood flow and pregnancy in
superovulated intrauterine insemination (IUI)

cycles: an observational comparison of recombi-
nant follicle-stimulating hormone (FSH) and urinary
gonadotropins. Fertil Steril. 2009;92(4):1366-8.
Borini A, Maccolini A, Tallarini A, Bonu MA,
Sciajno R, Flamigni C. Perifollicular vascularity and
its relationship with oocyte maturity and IVF out-
come. Ann N Y Acad Sci. 2001;943:64-7.

Coulam CB, Bustillo M, Soenksen DM, Britten
S. Ultrasonographic predictors of implanta-
tion after assisted reproduction. Fertil Steril.
1994;62:1004-10.

23.

24.

25.

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

51

Ayustawati, Shibahara H, Obara H, et al. Influence
of endometrial thickness and pattern on pregnancy
rates in in vitro fertilization-embryo transfer. Reprod
Med Biol. 2002;1:17-21.

Gonen Y, Casper RF, Jacobson W, Blankier
J. Endometrial thickness and growth during ovarian
stimulation: a possible predictor of implantation in
in-vitro fertilization. Fertil Steril. 1989;52:446-50.
Check JH, Nowroozi K, Choe J, Lurie D, Dietterich
C. The effect of endometrial thickness and echo pat-
tern on in vitro fertilization outcome in donor oocyte-
embryo transfer cycle. Fertil Steril. 1993;59:72-5.

. Zhang X, Chen CH, Confino E, Barnes R, Milad M,

Kazer RR. Increased endometrial thickness is asso-
ciated with improved treatment outcome for selected
patients undergoing in vitro fertilization-embryo
transfer. Fertil Steril. 2005;83:336—40.

Richter KS, Bugge KR, Bromer JG, Levy
MIJ. Relationship between endometrial thickness
and embryo implantation, based on 1,294 cycles of
in vitro fertilization with transfer of two blastocyst-
stage embryos. Fertil Steril. 2007;87:53-9.

Friedler S, Schenker JG, Herman A, Lewin A. The
role of ultrasonography in the evaluation of endo-
metrial receptivity following assisted reproductive
treatments: a critical review. Hum Reprod Update.
1996;2:323-35.

Rabinowitz R, Laufer N, Lewin A, et al. The value
of ultrasonographic endometrial measurement in the
prediction of pregnancy following in vitro fertiliza-
tion. Fertil Steril. 1986;45:824-8.

Dietterich C, Check JH, Choe JK, Nazari A, Lurie
D. Increased endometrial thickness on the day of
human chorionic gonadotropin injection does not
adversely affect pregnancy or implantation rates fol-
lowing in vitro fertilization-embryo transfer. Fertil
Steril. 2002;77:781-6.

Turnbull LW, Lesny P, Killick SR. Assessment of
uterine receptivity prior to embryo transfer: a review
of currently available imaging modalities. Hum
Reprod Update. 1995;1:505-14.

Ueno J, Oehninger S, Brzyski RG, Acoata AA,
Philput CB, Muasher SJ. Ultrasonographic appear-
ance of the endometrium in natural and stimulated
in vitro fertilization cycles and its correlation with
outcome. Hum Reprod. 1991;6:901-4.

Abdalla HI, Brooks AA, Johnson MR, Kirkland A,
Thomas A, Studd JWW. Endometrial thickness: a
predictor of implantation in ovum recipients. Hum
Reprod. 1994;9:363-5.

Shapiro H, Cowell Casper RFE. Use of vaginal ultra-
sound for monitoring endometrial preparation in
a donor oocyte program. Fertil Steril. 1993;59:
1055-8.

El-Toukhy T, Coomarasamy A, Khairy M, et al.
The relationship between endometrial thickness and
outcome of medicated frozen embryo replacement
cycles. Fertil Steril. 2008;89:832-9.

Jokubkiene L, Sladkevicius P, Rovas L, Valentin
L. Assessment of changes in volume and vascular-
ity of the ovaries during the normal menstrual cycle



52

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

using three-dimensional power Doppler ultrasound.
Hum Reprod. 2006;21:2661-8.

Fanchin R, Righini C, Olivennes F, Taylor S,
de Ziegler D, Frydman R. Uterine contractions
at the time of embryo transfer alter pregnancy
rates after in-vitro fertilization. Hum Reprod.
1989;13(7):1968-74.

RaineFenning NJ, Campbell BK, Kendall NR,
Clewes JS, Johnson IR. Quantifying the changes in
endometrial vascularity throughout the normal men-
strual cycle with three-dimensional power Doppler
angiography. Hum Reprod. 2004;19:330-8.

Zaidi J, Campbell S, Pittrof R, Kyei-Mensah A,
Shaker A, Jacobs HS, Tan SL. Contraception: ovar-
ian stromal blood flow in women with polycystic
ovaries—a possible new marker for diagnosis? Hum
Reprod. 1995;10(8):1992-6.

Applebaum M. The uterine biophysical profile.
Ultrasound Obstet Gynecol. 1995;5(1):67-8.

Ng EH, Yeung WS, Ho PC. Endometrial and sub
endometrial vascularity are significantly lower in
patients with endometrial volume 2.5 ml or less.
Reprod Biomed Online. 2009;18:262-8.

Ng EHY, Chan CCW, Tang OS, Yeung WSB, Ho
PC. Comparison of endometrial and subendome-
trial blood flow measured by three-dimensional
power Doppler ultrasound between stimulated and
natural cycles in the same patients. Hum Reprod.
2004;19:2385-90.

Ng EHY, Chan CCW, Tang OS, Yeung WSB, Ho
PC. The role of endometrial and subendometrial
blood flows measured by three-dimensional power
Doppler ultrasound in the prediction of pregnancy
during IVF treatment. Hum Reprod. 2006;21:164—70.
Ng EH, Chan CC, Tang OS, Yeung WS, Ho
PC. Endometrial and subendometrial blood flow
measured by three-dimensional power Doppler
ultrasound in patients with small intramural uter-
ine fibroids during IVF treatment. Hum Reprod.
2005;20:501-6.

Ng EHY, Chan CCW, Tang OS, Yeung WSB, Ho
PC. Endometrial and subendometrial vascularity is
higher in pregnant patients with livebirth following
ART than in those who suffer a miscarriage. Hum
Reprod. 2007;22(4):1134-41.

Steer CV, Campbell S, Tan SL, et al. The use of
transvaginal color flow imaging after in vitro fer-
tilization to identify optimum uterine conditions
before embryo transfer. Fertil Steril. 1992;57:372-6.
Nakai A, Yokota A, Koshino T, Araki T. Assessment
of endometrial perfusion with Doppler ultrasound
in spontaneous and stimulated menstrual cycles.
J Nippon Med Sch. 2002;69:328-32.

Yokota A, Nakai A, Oya A, Koshino T, Araki
T. Changes in uterine and ovarian arterial imped-
ance during the periovulatory period in conception
and nonconception cycles. J Obstet Gynaecol Res.
2000;26:435-40.

Raine-Fenning N, Jayaprakasan K, Deb S, Clewes
J, Joergner I, Bonaki SD, Johnson I. Automated
follicle tracking improves measurement reliability

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

M. Patil

in patients undergoing ovarian stimulation. Reprod
Biomed Online. 2009;18(5):658-63.

Deb S, Batcha M, Campbell BK, Jayaprakasan
K, Clewes JS, Hopkisson JF, Raine-Fenning
NJ. The predictive value of the automated quanti-
fication of the number and size of small antral fol-
licles in women undergoing ART. Hum Reprod.
2009;24(9):2124-32.

Al-Inany HG, Youssef MA, Aboulghar M,
Broekmans F, Sterrenburg M, Smit J, et al.
Gonadotrophin-releasing  hormone  antagonists
for assisted re- productive technology. Cochrane
Database Syst Rev. 2011;(5):CD001750.

Devroey P, Polyzos NP, Blockeel C. An OHSS-
free clinic by segmentation of IVF treatment. Hum
Reprod. 2011;26:2593-7.

Hill MJ, Levens ED, Levy G, Ryan ME, Csokmay
JM, DeCherney AH, et al. The use of recombinant
luteinizing hormone in patients undergoing assisted
reproductive techniques with advanced reproductive
age: a systematic review and meta-analysis. Fertil
Steril. 2012;97:1108-14.e1.

te Velde ER, Pearson PL. The variability of
female reproductive aging. Hum Reprod Update.
2002;8:141-54.

Thadhani R, Mutter WP, Wolf M, Levine RJ, Taylor
RN, Sukhatme VP, Karumanchi SA. First trimester
placental growth factor and soluble fms-like tyrosine
kinase 1 and risk for preeclampsia. J Clin Endocrinol
Metab. 2004;89(2):770-5.

Esposito MA, Coutifaris C, Barnhart KT. A moder-
ately elevated day 3 FSH concentration has limited
predictive value, especially in younger women. Hum
Reprod. 2002;17:118-23.

Thum MY, Abdalla HI, Taylor D. Relationship
between women’s age and basal follicle-stimulating
hormone levels with aneuploidy risk in in vitro fer-
tilization treatment. Fertil Steril. 2008;90:315-21.
Massie JA, Burney RO, Milki AA, Westphal LM,
Lathi RB. Basal follicle-stimulating hormone
as a predictor of fetal aneuploidy. Fertil Steril.
2008;90:2351-5.

Soules MR, Sherman S, Parrott E, Rebar R, Santoro
N, Utian W, et al. Executive summary: stages of
reproductive aging workshop (STRAW). Fertil
Steril. 2001;76:874-8.

Lambalk CB. Value of elevated basal follicle-
stimulating hormone levels and the differential
diagnosis during the diagnostic subfertility work-up.
Fertil Steril. 2003;79:489-90.

Galey-Fontaine J, Cédrin-Durnerin I, Chaibi R,
Massin N, Hugues JN. Age and ovarian reserve
are distinct predictive factors of cycle outcome
in low responders. Reprod Biomed Online.
2005;10(1):94-9.

Bancsi LF, Broekmans FJ, Mol BW, Habbema JD,
te Velde ER. Performance of basal follicle-stim-
ulating hormone in the prediction of poor ovar-
ian response and failure to become pregnant after
in vitro fertilization: a meta-analysis. Fertil Steril.
2003;79:1091-100.



2 Monitoring Ovarian Stimulation: Current Perspectives

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Roberts JE, Spandorfer S, Fasouliotis SJ, Kashyap
S, Rosenwaks Z. Taking a basal follicle-stimulating
hormone history is essential before initiating in vitro
fertilization. Fertil Steril. 2005;83:37—41.
Jayaprakasan K, Campbell B, Hopkisson J, Clewes
J, Johnson I, Raine-Fenning N. Establishing the
intercycle variability of three-dimensional ultraso-
nographic predictors of ovarian reserve. Fertil Steril.
2008;90(6):2126-32.

Abdalla H, Thum MY. Repeated testing of basal
FSH levels has no predictive value for IVF outcome
in women with elevated basal FSH. Hum Reprod.
2006;21:171-4.

Jain T, Soules MR, Collins JA. Comparison of basal
follicle-stimulating hormone versus the clomiphene
citrate challenge test for ovarian reserve screening.
Fertil Steril. 2004;82:180-5.

Fanchin R, Taieb J, Lozano DH, Ducot B, Frydman
R, Bouyer J. High reproducibility of serum anti-
Mullerian hormone measurements suggests a multi-
staged follicular secretion and strengthens its role
in the assessment of ovarian follicular status. Hum
Reprod. 2005;20:923-7.

Scott RT, Toner JP, Muasher SJ, Oehninger S,
Robinson S, Rosenwaks Z. Follicle-stimulating hor-
mone levels on cycle day 3, are predictive of in vitro
fertilization outcome. Fertil Steril. 1989;51:651-4.
Bukulmez O, Arici A. Assessment of ovarian reserve.
Curr Opin Obstet Gynecol. 2004;16(3):231-7.
Muttukrishna S, McGarrigle H, Wakim R, Khadum
I, Ranieri DM, Serhal P. Antral follicle count, anti-
mullerian hormone and inhibin B: predictors of
ovarian response in assisted reproductive technol-
ogy? BJOG. 2005;112:1384-90.

Seifer DB, MacLaughlin DT, Christian BP, Feng
B, Shelden RM. Early follicular serum mullerian-
inhibiting substance levels are associated with
ovarian re- sponse during assisted reproductive tech-
nology cycles. Fertil Steril. 2002;77:468-71.
Mcllveen M, Skull JD, Ledger WL. Evaluation of
the utility of multiple endocrine and ultrasound mea-
sures of ovarian reserve in the prediction of cycle
cancellation in a high-risk IVF population. Hum
Reprod. 2007;22:778-85.

Tinkanen H, Blduer M, Laippala P, Tuohimaa P,
Kujansuu E. Correlation between serum inhibin B
and other indicators of the ovarian function. Eur J
Obstet Gynecol Reprod Biol. 2001;94(1):109-13.
Tsepelidis S, Devreker F, Demeestere I, Flahaut
A, Gervy C, Englert Y. Stable serum levels of anti-
Mullerian hormone during the menstrual cycle:
a prospective study in normo-ovulatory women.
Hum Reprod. 2007;22:1837-40.

LaMarca A, Stabile G, Artenisio AC, Volpe A. Serum
anti-Mullerian hormone throughout the human men-
strual cycle. Hum Reprod. 2006;21:3103-7.
Hehenkamp WIJ, Looman CW, Themmen AP,
de Jong FH, Te Velde ER, Broekmans FJ. Anti-
Mullerian hormone levels in the spontaneous men-
strual cycle do not show substantial fluctuation.
J Clin Endocrinol Metab. 2006;91:4057-63.

71.

78.

79.

80.

81.

82.

83.

84.

85.

87.

88.

89.

90.

53

Lee TH, Liu CH, Huang CC, Wu YL, Shih YT, Ho
HN, Lee MS. Serum anti-Miillerian hormone and
estradiol levels as predictors of ovarian hyperstimu-
lation syndrome in assisted reproduction technology
cycles. Hum Reprod. 2008;23(1):160-7.

Kwee J, Schats R, McDonnell J, Schoemaker J,
Lambalk CB. The clomiphene citrate challenge test
versus the exogenous follicle-stimulating hormone
ovarian reserve test as a single test for identification
of low responders and hyperresponders to in vitro
fertilization. Fertil Steril. 2006;85(6):1714-22.
Mikhail G. Sex steroids in blood. Clin Obstet
Gynaecol. 1967;10:29-39.

Baird D, Fraser IS. Concentration of oestrone and
oestradiol in follicular fluid and ovarian venous
blood of women. Clin Endocrinol. 1975;4:259-66.
McNatty KP, Baird DT, Bolton A, Chambers P,
Corker CS, Mclean H. Concentration of oestrogens
and androgens in human ovarian venous plasma
and follicular fluid throughout the menstrual cycle.
J Endocrinol. 1976;71:77-85.

Hillier SG, Reichert Jr LE, Van Hall EV. Control
of preovulatory follicular estrogen biosynthe-
sis in the human ovary. J Clin Endocrinol Metab.
1981;52:847-56.

Chikazawa K, Araki S, Tamada T. Morphological
and endocrinological studies on follicular devel-
opment during the human menstrual cycle. J Clin
Endocrinol Metab. 1986;62:305-13.

Huang C-C, Lien Y-R, Chen H-F, Chen M-J,
Shieh C-J, Yao Y-L, Chang C-H, Chen S-U, Yang
Y-S. The duration of pre-ovulatory serum proges-
terone elevation before hCG administration affects
the outcome of IVF/ICSI cycles. Hum Reprod.
2012;27(7):2036-45.

Melo MA, Meseguer M, Garrido N, Bosch E,
Pellicer A, Remohi J. The significance of prema-
ture luteinization in an oocyte-donation programme.
Hum Reprod. 2006;21:1503-7.

. Segal S, Glatstein I, McShane P, Hotamisligil S,

Ezcurra D, Carson R. Premature luteinization and
in vitro fertilization outcome in gonadotropin/
gonadotropin-releasing hormone antagonist cycles
in women with polycystic ovary syndrome. Fertil
Steril. 2009;91:1755-9.

Elnashar AM. Progesterone rise on the day of
HCG administration (premature luteinization) in
IVF: an overdue update. J Assist Reprod Genet.
2010;27:149-55.

Venetis CA, Kolibianakis EM, Bosdou JK, Tarlatzis
BC. Progesterone elevation and probability of preg-
nancy after IVF: a systematic review and meta-
analysis of over 60 000 cycles. Hum Reprod Update.
2013;19(5):433-57.

Aflatoonian A, Oskouian H, Ahmadi S, Oskouian
L. Can fresh embryo transfers be replaced by
cryopreserved-thawed embryo transfers in assisted
reproductive cycles? A randomized controlled trial.
J Assist Reprod Genet. 2010;27:357-63.

Shapiro BS, Daneshmand ST, Garner FC, Aguirre
M, Hudson C, Thomas S. Evidence of impaired



54

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

endometrial receptivity after ovarian stimulation for
in vitro fertilization: a prospective randomized trial
comparing fresh and frozen—thawed embryo transfer
in normal responders. Fertil Steril. 2011;96:344-8.
Shapiro BS, Daneshmand ST, Garner FC, Aguirre
M, Hudson C, Thomas S. Embryo cryopreservation
rescues cycles with premature luteinization. Fertil
Steril. 2010;93:636-41.

Kolibianakis EM, Bourgain C, Papanikolaou EG,
Camus M, Tournaye H, Van Steirteghem AC,
Devroey P. Prolongation of follicular phase by delay-
ing hCG administration results in a higher incidence
of endometrial advancement on the day of oocyte
retrieval in GnRH antagonist cycles. Hum Reprod.
2005;20(9):2453-6.

Filicori M, Santoro N, Merriam GR, Crowley Jr
WE. Characterization of the physiological pattern
of episodic gonadotropin secretion throughout the
human menstrual cycle. J Clin Endocrinol Metab.
1986;62:1136-44.

Soules MR, Steiner RA, Clifton DK, Cohen NL,
Aksel S, Bremner WJ. Progesterone modulation of
pulsatile luteinizing hormone secretion in normal
women. J Clin Endocrinol Metab. 1984;58:378-83.
Nippoldt TB, Reame NE, Kelch RP, Marshall
JC. The roles of estradiol and progesterone in
decreasing luteinizing hormone pulse frequency
in the luteal phase of the menstrual cycle. J Clin
Endocrinol Metab. 1989;69:67-76.

Wehrenberg WB, Wardlaw SL, Frantz AG,
Ferin M. Beta-Endorphin in hypophyseal portal
blood: variations throughout the menstrual cycle.
Endocrinology. 1982;111:879-81.

Niswender GD, Reimers TJ, Diekman MA, Nett
TM. Blood flow: a mediator of ovarian function.
Biol Reprod. 1976;14:64-81.

Miyazaki T, Tanaka M, Miyakoshi K, Minegishi K,
Kasai K, Yoshimura Y. Power and colour Doppler
ultrasonography for the evaluation of thevascula-
ture of the human corpus luteum. Hum Reprod.
1998;13:2836-41.

Niswender GD, Juengel JL, Silva PJ, Rollyson MK,
Mclntush EW. Mechanisms controlling the func-
tion and life span of the corpus luteum. Physiol Rev.
2000;80:1-29.

Jarvela” 1Y, Niinima ki M, Martikainen H, Ruokonen
A, Tapanainen JS. Ovarian response to the human
chorionic gonadotrophin stimulation test in normal
ovulatory women: the impact of regressing corpus
luteum. Fertil Steril. 2007;87:1122-30.

Hazzard TM, Stouffer RL. Angiogenesis in ovarian
follicular and luteal development. Baillieres Best
Pract Res Clin Obstet Gynaecol. 2000;14:883-900.
Sugino N, Kashida S, Takiguchi S, Karube A, Kato
H. Expression of vascular endothelial growth factor
and its receptors in the human corpus luteum during
the menstrual cycle and in early pregnancy. J Clin
Endocrinol Metab. 2000;85:3919-24.

Wulff C, Dickson SE, Duncan WC, Fraser HM.
Angiogenesis in the human corpus luteum: simulated

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

M. Patil

early pregnancy by HCG treatment is associated
with both angiogenesis and vessel stabilization. Hum
Reprod. 2001;16:2515-24.

Wulff C, Wilson H, Rudge JS, Wiegand SJ, Lunn
SF, Fraser HM. Luteal angiogenesis: prevention and
intervention by treatment with vascular endothelial
growth factor trap(A40). J Clin Endocrinol Metab.
2001;86:3377-86.

XIE HN, Hata K, Manabe A, Ozaki T, Eda Y,
Takahashi K, Miyazaki K. Associations between
Doppler ultrasound-derived luteal blood flow indices
and function hormonal profile in spontaneous and
stimulated cycles. J Med Ultrason. 2001;28:139-46.
Miro F, Aspinall LJ. The onset of the initial rise in
follicle-stimulating hormone during the human men-
strual cycle. Hum Reprod. 2005;20:96-100.

Mais V, Cetel NS, Muse KN, Quigley ME, Reid
RL, Yen SSC. Hormonal dynamics during luteal-
follicular transition. J Clin Endocrinol Metab.
1987;64:1109-14.

Messinis IE, Koutsoyiannis D, Milingos S, Tsahalina
E, Seferiadis K, Lolis D, Templeton AA. Changes
in pituitary response to GnRH during the luteal-
follicular transition of the human menstrual cycle.
Clin Endocrinol (Oxf). 1993;38:159-63.

Roseff SJ, Bangah ML, Kettel LM, Vale W, Rivier J,
Burger HG, Yen SSC. Dynamic changes in circulat-
ing inhibin levels during the luteal-follicular transi-
tion of the human menstrual cycle. J Clin Endocrinol
Metab. 1989;69:1033-9.

Groome NP, Illingworth PJ, O’Brien M, Pai R,
Rodger FE, Mather JP, McNeilly AS. Measurement
of dimeric inhibin B throughout the human menstrual
cycle. J Clin Endocrinol Metab. 1996;81:1401-5.
Jarveld 1Y, Ruokonen A, Tekay A. Effect of rising
hCG levels on the human corpus luteum during early
pregnancy. Hum Reprod. 2008;23(12):2775-81.
Verhaegen J, Gallos ID, van Mello NM, Abdel-Aziz
M, Takwoingi Y, Harb H, Coomarasamy A. Accuracy
of single progesterone test to predict early pregnancy
outcome in women with pain or bleeding: meta-
analysis of cohort studies. BMJ Br Med J. 2012;345.
Condous G, Okaro E, Bourne T. The conserva-
tive management of early pregnancy complica-
tions: a review of the literature. Ultrasound Obstet
Gynecol. 2003;22:420-30.

Diamond MP, DeCherney AH, Baretto P, Lunenfeld
B. Multiple consecutive cycles of ovulation induc-
tions with human menopausal gonadotropins.
Gynecol Endocrinol. 1989;3:237.

Silverberg KM, Klein NA, Burns WN, Schenken
RS, Olive DL. Consecutive versus alternating cycles
of ovarian stimulation using human menopausal
gonadotrophins. Hum Reprod. 1992;7:940.

Akin JW, Shepard MK. The effects of baseline ovar-
ian cysts on cycle fecundity in controlled ovarian
hyperstimulation. Fertil Steril. 1993;59:453.
Shoham Z, Di Carlo C, Patel A, Conway GS,
Jacobs HS. Is it possible to run a successful ovula-
tion induction program based solely on ultrasound



2 Monitoring Ovarian Stimulation: Current Perspectives

118.

119.

120.

monitoring? The importance of endometrial mea-
surements. Fertil Steril. 1991;56:836.

Dickey RP, Olar TT, Taylor SN, Curole DN, Matulich
EM. Relationship of endometrial thickness and pat-
tern to fecundity in ovulation induction cycles: effect
of clomiphene citrate alone and with human meno-
pausal gonadotropin. Fertil Steril. 1993;59:756.
Reuter KL, Cohen S, Furey L, Baker S. Sonographic
appearance of the endometrium and ovaries during
cycles stimulated with human menopausal gonado-
tropin. J Reprod Med. 1996;41:509.

Isaacs Jr JD, Wells CS, Williams DB, Odem RR, Gast
M1J, Strickler RC. Endometrial thickness is a valid
monitoring parameter in cycles of ovulation induction
with menotropins alone. Fertil Steril. 1996;65:262.

121.

122.

123.

55

Klopper A, Aiman J, Besser M. Ovarian steroido-
genesis resulting from treatment with menopausal
gonadotropin. Eur J Obstet Gynecol Reprod Biol.
1974;4:25-30.

Ozturk O, Bhattacharya S, Saridogan E, Janiaux E,
Templeton A. Role of utero-ovarian vascular imped-
ance: predictor of ongoing pregnancy in an IVF-
enbryo transfer programme. Reprod Biomed Online.
2004:9:299-305.

Mendez Lozano DH, Fraydman N, Levaillant JM,
Fay S, Fraydman R, Fanchin R. The 3D vascular
status of the follicle after hCG administration is
qualitatively rather than quantitatively associated
with its reproductive competence. Hum Reprod.
2007;22:1095-9.



Johan Smitz

Abstract

Luteinizing hormone (LH) and human chorionic gonadotropin (hCG)
have been used in diagnostics and therapeutics from biologically purified
sources. Though both hormones function via the same receptor (LHCGR),
mostly hCG has been used due to its widespread availability. Hence, in the
mind of the practising physician, both molecules have been considered
equal. The recent availability of recombinant LH has led us to reconsider
the specificities of both hormones in terms of actions on the body.

LH and hCG play essential roles in the reproductive cycle. LH plays a
key role in follicular maturation and the ovulation process, and hCG is the
“pregnancy hormone.”

LH and hCG are different in terms of structure, expression, regulation,
and function. LH and hCG fundamentally differ in their expression pat-
terns and have complex and unique aspects. LH and hCG should be con-
sidered as hormone mixtures, the composition of which fluctuates during
the course of the ovarian cycle and pregnancy and throughout the lifespan
of men and women. Diverse isoforms have distinct functions, reflected by
their relative abundance in normal and aberrant physiologic processes.
Quantitative and qualitative distinctions in signaling cascades, activated
by LH and hCG have been recently discovered; furthermore, the extrago-
nadal activities are currently under exploration. Availability of recombi-
nant LH and hCG as new therapeutic tools for use in specific clinical
pro-fertility conditions could lead us to reconsider the specific indications
for each of both molecular entities. The first part of this chapter reviews
the current knowledge on both parent molecules, emphasizing their speci-
ficities and the consequences at the receptor level.
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Introduction

Luteinizing hormone (LH) and human chorionic
gonadotropin (hCG) have been used in diagnos-
tics and therapeutics from biologically purified
sources. Though both hormones function via the
same receptor (LHCGR), mostly hCG has been
used, due to its widespread availability. Hence, in
the mind of the practising physician, both mole-
cules have been considered equal. The recent
availability of recombinant LH has led us to
reconsider the specificities of both hormones in
terms of their actions on the body.

LH and hCG play essential roles in the repro-
ductive cycle. LH plays a key role in follicular
maturation and ovulation process, and hCG is the
“pregnancy hormone” [1].

LH and hCG are different in terms of struc-
ture, expression, regulation, and function. LH
and hCG fundamentally differ in their expression
patterns and have complex and unique aspects.
LH and hCG should be considered as hormone
mixtures, the composition of which fluctuate
during the course of the ovarian cycle and preg-
nancy and throughout the lifespan of men and
women. Diverse isoforms have distinct functions,
reflected by their relative abundance in normal
and aberrant physiologic processes. Quantitative
and qualitative distinctions in signaling cascades,
activated by LH and hCG have been recently dis-
covered; furthermore, the extragonadal activities
are currently under exploration. Availability of
recombinant LH and hCG as new therapeutic
tools for use in specific clinical pro-fertility con-
ditions could lead us to reconsider the specific
indications for each of the molecular entities. The
first part of this chapter reviews the current

knowledge on both parent molecules, emphasiz-
ing their specificity and the consequences at the
receptor level.

Molecular Structure

Luteinizing hormone and hCG are heterodimeric
glycoproteins, comprised of a and P subunits.
hCG retains the full 145—-amino acid comple-
ment in its B-subunit. As for LH, the B-subunit
undergoes cleavage of its 24-amino acid leader
sequence to generate its final 121-amino acid
sequence.

Due to structural differences and post-transla-
tional modifications, hCG is more stable and has
a longer circulating half-life than LH. Due to the
heterogeneity of circulating isoforms, the half-
lives of these molecules should be expressed as a
range: minutes for LH and hours for hCG. The
shorter half-life of LH is physiologically rele-
vant, as it allows production of LH pulses. The
longer half-life of placental hCG and its greater
receptor binding affinity make it more bioactive
than hLH [2, 3].

Molecular Forms in the Circulation
Luteinizing Hormone

Gonadotropic cells of the adenohypophysis pro-
duce LH, which regulates ovulation. In a normal
menstrual cycle, a surge in LH induces ovula-
tion from the dominant follicle. In the first part
of the follicular phase, LH stimulates androgen
production in thecal cells. These androgens are
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aromatized by the granulosa cells to estrogen
under influence of FSH. Prolonged, exponen-
tially increasing estrogen levels induce a posi-
tive feedback on the pituitary gland and the
subsequent LH surge results in ovulation [4].
LH promotes progesterone production, support-
ing development of the corpus luteum [5].
Variations in LH isoform composition are
observed during the reproductive life cycle. In
general, LH isoforms with shorter half-lives but
increased biopotency are present in younger
postpubertal women, whereas longer-lived LH
isoforms prevail in postmenopausal women [6,
7]. Women with polycystic ovarian syndrome
(PCOS)—an endocrine condition associated
with altered folliculogenesis and anovulation—
appear to predominantly secrete LH isoforms
that have a high ratio of biological-to-immuno-
logical activity [8, 9].

Human Chorionic Gonadotropin

Four physiologically important isoforms of hCG
have been described: regular hCG, hyperglyco-
sylated hCG (h-hCG), hyperglycosylated free
hCG B subunit, and pituitary hCG. Different cell
types produce these isoforms, which display dis-
parate half-lives and biologic functions. Isoforms
have unique, although sometimes overlapping,
functions: the four variants share a common pro-
tein sequence (B subunit), but each is modified
differently.

After an initial early surge of h-hCG regular
hCG is secreted by differentiated syncytiotropho-
blasts. It is the prevailing hCG species measured
in serum during pregnancy [10]. Historically, it
was believed that hCG induced promotion of pro-
gesterone secretion by the corpus luteum in early
pregnancy. However, hCG has other functions
during pregnancy as its levels continue to increase
after hCG is no longer needed for progesterone
production [11].

Human chorionic gonadotropin is addition-
ally involved in placentation: maintaining
angiogenesis of the uterine vasculature and pro-
moting differentiation of cytotrophoblasts into
syncytiotrophoblasts [12—-14]. Proposed roles

for regular hCG comprise fostering implanta-
tion, preventing fetal rejection, co-ordinating
uterine and fetal growth, and, potentially, growth
and development of fetal organs [10].

During the implantation process, extravillous
cytotrophoblasts and h-hCG concentrations peak
early in the first trimester [10]. The structural
difference between regular hCG and h-hCG is
the complexity of the oligosaccharide side
chains; h-hCG tends toward oligosaccharides
with a greater number of sugar residues. The
percentage of hCG in the form of h-hCG subse-
quently declines, becoming a minor component
of total hCG measurement during the last two
trimesters.

The association between pregnancy loss and
low h-hCG levels supports a key role for this
variant in implantation [15, 16].

Pituitary hCG is secreted by gonadotropic
cells of the anterior pituitary. Pituitary hCG
has a shorter half-life than its placental coun-
terpart due to the higher number of sulfonated
side chains [17]. The concomitant temporal
appearance of hCG with LH during the men-
strual cycle and their common receptor suggest
that it functionally may mimic LH and support
the progesterone production during the luteal
phase [10].

Metabolism

One of the initial steps in hCG degradation is
proteolytic cleavage of the  subunit (possibly by
human leukocyte elastase), which generates a
“nicked” form of the protein. Nicked hCG rap-
idly dissociates into its component o and 3 sub-
units. h-hCG dissociates more readily than
regular hCG. The nicked  subunit is further
degraded, predominantly in the kidneys, result-
ing in a predominant f-core fragment in urine
[11, 18, 19].

The extent of gonadotropin glycosylation dic-
tates molecular charge determining clearance
rate. The more acidic isoforms have a longer
half-life in vivo [20]. The grade of sialylation of
LH positively correlates with the metabolic clear-
ance rate [21].
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The Common Luteinizing Hormone/
Choriogonadotropin Receptor, Its
Polymorphisms and Mutations

Luteinizing Hormone and hCG bind to and
activate a common receptor, the LH/choriogo-
nadotropin receptor (LHCGR), also known as the
LH receptor (LHR) [22, 23]. LHCGR is expressed
by multiple cell types in the ovary: thecal, luteal,
interstitial, and differentiated granulosa cells.
Expression of LHCGR in these cell types during
the ovarian cycle is dynamic, depending on
changes in the hormonal milieu [24]. LHCGR is
downregulated transiently after the preovulatory
LH surge, reaches a maximum at the mid-luteal
phase, and decreases with corpus luteum regres-
sion. This pattern is the inverse of what has been
observed for bioactive LH isoforms, where
biologic-to-immunologic activity is maximal at
mid-cycle and reaches a nadir during the luteal
phase [25]. Temporal changes in LHCGR expres-
sion involve transcriptional as well as post-
transcriptional regulation [24].

Mutations in LHCGR are associated with
developmental and reproductive abnormalities,
including psuedohermaphrodism, micropenis,
hypospadias, and infertility [22, 24]. More recent
suggestions state that polymorphisms in the
LHCGR sequence contribute to risk for condi-
tions associated with infertility, including
PCOS. A genome-wide association study
detected a link between a polymorphic marker in
the region of LHCGR and PCOS in Han Chinese
women (confirmed in a subsequent case-control
cohort) [26]. Interestingly, the specific polymor-
phic marker, associated with PCOS in the Han
population, failed to correlate with PCOS in
Caucasian [27, 28].

Signaling Pathways Linked
to LHCGR

LHCGR is capable of binding off dimeric LH,
hCG, and h-hCG. Also, nicked hCG binds
LHCGR, but with a much lower affinity [29, 10,
11]. LHCGR signaling pathways are a subject of
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active investigation: it is generally accepted that
the cyclic adenosine monophosphate/protein
kinase A (cAMP/PKA) pathway drives the down-
stream events inducing ovulation and the steroid
biosynthesis processes.

Many other signaling pathways are however,
triggered: LHCGR stimulation also activates the
phospholipase C/inositol phosphate (PLC/IP)
signaling pathway [30], but it has been suggested
that PLC-based signaling only occurs during the
preovulatory LH surge and during pregnancy
when levels of its ligands are high. Investigators
have recently reported PLC to be the mediator of
final granulosa cell differentiation in response to
LH [31].

In addition, extracellular signal-regulated
protein kinases 1 and 2 (ERK1/2) and AKT
have been identified as major downstream play-
ers in LHCGR-mediated signaling [32, 33].
The ERK1/2 and AKT pathways participate in
the regulation of oocyte and follicle maturation
[34, 35].

As LH and hCG were considered to be func-
tionally equivalent, the post receptor effects
were traditionally presumed to be similar. New
data, however, suggests that this is not true. In
recent experiments, phospho-ERK1/2 levels
were reported to be greater in cultured human
granulosa cells after long-term exposure to LH
compared with hCG [36].

The Evidence
for Extragonadal LHCGR

Detection of LHCGR in regions other than ovarian
cell types, including the decidua, uterine vascula-
ture, umbilical cord, fetal organs, cytotrophoblast
cells, and adrenal cortex, has fueled a debate
regarding the potential role for gonadotropins in
extragonadal locations [10, 37, 38].

Emerging new data propose that extragonadal
LHCGR has functional significance; further
study is needed to clarify its role in normal and
aberrant cellular processes and to characterize
the individual effects of various LH and hCG
isoforms.
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Physiology

By understanding how LH and hCG affect normal
and abnormal human development and reproduc-
tion, current treatments for reproductive disorders
may be improved while uncovering other medical
disciplines where diagnostic and therapeutic mea-
sures of these gonadotropins may be of use, e.g., in
cancer. The physiology of LH and hCG throughout
the reproductive lifespan and the impact of disrupt-
ing their normal expression profiles and functional-
ity are concisely summarized as follows.

The Basal LH Secretion Pattern

The increase in gonadotropin activity during
puberty drives gonadal steroidogenesis—primarily
testosterone and progesterone by thecal cells in
females [39]. Most aromatizable androgens, gener-
ated by thecal cells, are converted to estradiol by the
granulosa cells. Testosterone, estradiol, and adrenal
androgens produce the physical changes associated
with puberty. As estradiol production increases,
stimulation of the endometrium occurs, eventually
leading to menarche (approximately 23 years after
the first signs of puberty). The reproductive axis
matures in middle-to-late puberty, with the estab-
lishment of estrogen positive feedback leading to
the LH surge [40]. Ovulatory cycles do not become
established until some years after menarche.

After puberty, the pattern of LH secretion dur-
ing the menstrual cycle becomes more regular in
normo-ovulatory women. In most women with
PCOS, however, higher basal levels of LH are the
result of increased pulse frequency and amplitude
throughout the cycle [41-43]. This lack of varia-
tion in LH secretion pattern contributes to the
anovulatory cycles, often found in women with
PCOS.

The Roles of LH and hCG During
Ovulation and Pregnancy

In the first part of the follicular phase, estradiol
exerts a negative feedback effect on LH; however,

LH activity stimulates thecal cell production of
androgens for estradiol production by the granu-
losa cells. As estradiol levels rise exponentially in
the second part of the follicular phase, a positive
feedback effect is induced, leading to the LH
surge and subsequent ovulation [44]. With ovula-
tion, the ovulatory oocyte reinitiates meiosis I and
progresses through to meiosis II. LH drives pro-
gesterone production and secretion from the cor-
pus luteum until, if pregnancy occurs, hCG will
induce its survival. Initially hCG is mostly the
hyperglycosylated isoform (h-hCG) [45].

What is less well known is that low levels of
pituitary hCG parallel the dynamics of LH secre-
tion during the menstrual cycle [46]. The role of
this pituitary hCG is unclear, but the pattern of
expression suggests an overlapping one to that of
LH [10]. A suggestion is that hCG expression
may elevate the peak range of LH, thereby aiding
in the promotion of ovulation and the early secre-
tion of progesterone [11].

Roles of LH and hCG on Fertilization
and Implantation

The presence of LHCGR in human Fallopian
tubes and sperm suggests a role for LH and hCG
in fertilization [47, 48]. Expression of LHCGR is
greater in Fallopian tubes during the luteal phase
compared with the proliferative phase of the
menstrual cycle or Fallopian tubes from postpar-
tum or postmenopausal women [47].

Secretion of hCG by the blastocyst may elicit a
cross talk with endometrium to allow implantation
[49,50]. Endometrial LHCGR expression increases
in mid-luteal phase at a time where the endome-
trium is receptive to implantation (i.e., the implan-
tation window) [50]. Some researchers claim that a
blastocyst, producing locally high levels of hCG
could extend the implantation window [49].

Human choronic gonadotropin is also believed
to support implantation and placentation by
remodeling endometrial tissue, promoting mater-
nal immunotolerance of fetal tissue, inducing neo-
angiogenesis, and increasing the natural killer
(NK) lymphocyte population [10, 49, 50]. As the
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effects of fostering endometrial receptivity were
initiated even before embryonic hCG expression,
researchers found epithelial hCG is expressed and
produced in the human endometrium biopsy spec-
imens during the early to mid-secretory phase of
the menstrual cycle [51]. Further studies on the
role of hCG on endometrium, related to implanta-
tion, should be conducted.

Pathology of LH, hCG, and LHCGR

Mutations at the level of LH, hCG, and their
common receptor (LHCGR) have taught us the
extent to which LH and hCG signaling is required
for the formation and development of the repro-
ductive organs throughout life and its importance
in fertility regulation. Observed gene alterations
may be naturally occurring, as is the case for
human mutations/polymorphisms, or induced in
mouse knock-out models. A description of
human phenotypes associated with changes in
LH, hCG, and LHCGR function or expression
are summarized in Table 3.1.

Human Mutations/Variants
LHp

Naturally occurring mutations, resulting in inac-
tive LH, are rare in women. Two cases in female
patients with inactivating LHf mutations have
been described [52, 53]. Characterization of one
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of these individuals revealed normal develop-
ment and appropriate pubertal milestones fol-
lowed by secondary amenorrhea and infertility
[52]. The reproductive findings in these women
confirm that adequate LH is not absolutely
needed for normal sexual differentiation and
puberty, but essential for ovulation and corpus
luteum functionality.

hCG

It has been hypothesized that mutations with a
significant effect on hCG would not be compati-
ble with successful pregnancy and are thus not
found [54]. It seems logical that polymorphisms
in the hCG B-subunit (i.e., the CGB gene) are
associated with an increased risk of recurrent
miscarriage [54].

LHCGR

Activating and inactivating mutations have been
described in the LHCGR gene. Women with
activating LHCGR mutations display no func-
tional reproductive abnormalities. On the other
hand, patients with inactivating mutations of
LHCGR have a similar phenotype to that of inac-
tivating LHP mutations, including oligomenor-
rhea and infertility [55]. An LHCGR mutation
that is believed to reduce receptor expression and
binding capacity has been implicated in empty
follicle syndrome [56]. In general, the loss of

Table 3.1 Phenotypes associated with mutations in human LHf, CGB, and LHCGR genes

Gene and type of mutation Phenotype Effect on fertility

LHp

Inactivating Oligomenorrhea, secondary amenorrhea Infertile

Polymorphisms Endometriosis, hyperprolactinemia, luteal Reduced fertility
insufficiency, menstrual disorders, PCOS

CGB

Polymorphism Recurrent miscarriage Reduced fertility

LHCGR

Activating Leydig cell adenoma Reduced fertility

Inactivating Oligomenorrhea/amenorrhea, empty follicle Infertile

syndrome

LHp luteinizing hormone B-polypeptide, CGB chorionic gonadotropin B-polypeptide, LHCGR luteinizing hormone/
choriogonadotropin receptor, PCOS polycystic ovary syndrome
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function of LHCGR mutations had only gener-
ated overt reproductive pathology in the homozy-
gous state (i.e., autosomal recessive inheritance).

Pharmacological Uses of LH
and hCG

Actions of LH Bioactivity on Follicle
and the Relation with Oocyte Quality

In humans, physiological follicular growth is
driven by a delicate interplay between FSH and
LH that affects theca and granulosa cells, leading
to the selection of a single dominant follicle
through a series of feedback mechanisms [57].
Effects of LH are mediated via LH receptors,
which are expressed as soon as theca cells are
present on secondary follicles. Theca cells play a
unique role in the generation of androgens and
growth factors, which influence growth and dif-
ferentiation of granulosa cells that are under
endocrine control of FSH via the presence of
FSH receptors. FSH drives the development of
the granulosa cell compartment and is essential
for follicle survival and differentiation. Effects of
FSH are amplified via several paracrine loops,
including the products of aromatization that
depend upon the provision of androgens by the
theca cells. Multiple follicular recruitment can be
obtained by applying supraphysiological amounts
of FSH alone [58, 59]. While supraphysiological
amounts of FSH can increase survival of many
follicles in one cycle and provide an increased
oocyte production, serum LH concentrations
seem to determine a favorable outcome only
when kept within certain limits. The exact
amounts of administration of LH and/or hCG to
administer in combination with FSH to obtain
successful pregnancies have been under recent
scrutiny [60—63]. With the progression of follicle
growth, LH receptors are expressed on the granu-
losa cells. It has been shown that in human, fol-
licles of 10 mm diameter are becoming responsive
to LH action [64, 65]. Receptors for LH are high-
est in the mural granulosa cells closest to the
basement membrane and their density decreases
centripetally. Demonstration of expression of LH
mRNA and receptor protein in cumulus-corona

might be species specific and is influenced by dif-
ferences in assay specificity, type of follicles
from which the cumulus-oocyte complexes
(COC) are isolated, the hormonal supplements
used in the incubation medium and timing of the
analysis after isolation and culture of the cumu-
lus cells [66—68]. LH action on the oocyte itself is
indirect: there is an upregulation of EGF-like
substances in the mural granulosa cells that have
their receptors in the cumulus cells [69, 70]. LH
activity in the follicular environment positively
influenced early embryonic development in pri-
mate, bovine, and ovine [71-73] and has also pre-
viously been associated with conception cycles
in patients undergoing COH for ART [74-76].

Ovulation Induction and Ovarian
Stimulation: A Modulatory Role by LH
Bioactivity

In a minority of female patients consulting for
anovulation, the origin of the defect is in the cen-
tral nervous system at the hypothalamic or pitu-
itary level (anovulation WHO type I). These
women have no measurable FSH and
LH. Restoration of a cycle can either be obtained
by pulsatile lueinizing hormone-releasing hor-
mone (LHRH) treatment or by gonadotropin
administration. In this case, a direct gonadotropin
substitution is preferred and there is an absolute
need to administer LH bioactivity. As human
menopausal gonadotropins (hMGs) contain equi-
potent LH and FSH amounts, there is a constant
LH supply always available in ovulation induc-
tion (OI) schemes. In the case that treatment with
recombinant  follicle-stimulating ~ hormone
(r-FSH) is considered, there is a need to co-
administer recombinant LH (r-LH) or recombi-
nant hCG (r-hCG).

For all other indications for ovulation induc-
tion therapy (WHO type II or type III), there is
sufficient endogenous LH background concen-
tration present to allow follicle growth and endo-
metrial preparation. In principle, OI could be
performed with r-FSH only, however, in patients
with polycystic ovary disease, there are now good
indications that highly purified hMG (HP-hMG)
is equally effective and has a reduced number of
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complications, such as multiple pregnancy and
early onset hyperstimulation syndrome, which is
accompanied with a lot of discomfort for the
patients [77]. According to the ceiling theory, the
LH level present in the daily injections may pro-
hibit the transition of small to medium-sized fol-
licles in the cohort to grow further up to the
preovulatory stage [57]. Hence, it was proposed
to consider a biphasic type of treatment for ovu-
lation induction, wherein phase 1 FSH is used,
followed with LH (or hCG) when the largest fol-
licle has reached 13—14 mm (a stage at which it
has acquired the LH receptor). The administra-
tion of LH would then take over the function of
FSH in those follicles expressing LH receptors.
In the smaller follicles, where LH receptor on
granulosa is still insufficiently expressed, the LH
support would not be functional, leading the fol-
licles into atresia.

In summary, regarding the role of LH, its dose
and time of administration at a particular stage of
follicular growth are very important; its presence
is essential to drive known theca cell functions
such as steroidogenesis and provision of para-
crine factors to granulosa. However, LH is a
double-edged sword: an excess of LH would
drive the small follicles into atresia due to accu-
mulated androgens which remain unconverted (in
small follicles aromatase is still inactive).
Depending on whether mono- or multiple follicu-
logenesis is desired, timely administration of LH
in combination with FSH is important to modu-
late the ovarian response.

Use of LH or hCG in Ovarian
Stimulation for ART

Conditions in Need of LH or hCG
Supplementation

In circumstances, where patients had a profound
desensitization prior to stimulation (e.g., in the
“long” GnRH protocol), an iatrogenic state of
shortage of LH activity can be induced. When the
gonadotropin preparation used for stimulation
does not contain LH activity, an LH shortage
might result in these women [78, 79]. The degree
of gonadotropin suppression is dependent on the
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type of GnRH analog used and on their route and
frequency of administration [80-82]. Regarding
the serum LH concentrations measured after
gonadotropin treatment, there was significantly
more circulating LH present in patients treated
with an hMG preparation than those exposed to
r-FSH alone [79]. FSH stimulation of the gonads
provokes signals back to the hypothalamic-
pituitary axis via ovarian steroids and gonadal
peptides that suppress the endogenous gonado-
tropin secretion [83]. A retrospective analysis of
serum hormone profiles in 71 patients downregu-
lated with a GnRH agonist (Decapeptyl) revealed
a surprisingly high incidence of 50 % of the
patients with low LH (<1 IU/L) when treated
with r-FSH after pituitary desensitization.
Compared to the HP-hMG patients, estradiol
concentrations produced by granulosa cells from
the r-FSH only treated group were significantly
lower. The difference in estradiol (E2) output can
be explained by the responsiveness of theca cells
to the constant exposure to hCG in the HP-hMG
group. Increased E2 levels in HP-hMG are the
reflection of an increased production of E2 per
follicle through a higher provision of androgen
precursor molecules. Serum androstenedione and
total testosterone concentrations are significantly
elevated throughout the last days of stimulation
in HP-hMG cycles. The occurrence of pregnancy
in relation to steroid exposure levels over the last
8 days of stimulation treatment was inversely
correlated with progesterone (<0.71 pg/L),
androstenedione (<2036 ng/L), and the free
androgen index (FAI) (<0.013) in HP-hMG
treatments. Values over the median value for
these two parameters for the entire population
reduced the occurrence of a pregnancy by a fac-
tor 2 to 3, emphasizing the existence of an endo-
crine profile which when exceeded was associated
with a negative outcome. Similar relationships
between steroid levels in circulation during the
preovulatory period and the prevalence of con-
ception by IVF treatment have been previously
documented [84].

Ceiling Doses for HCG and LH
Using the current HP-hMG preparations through-
out the entire stimulation phase in GnRH agonist
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downregulated patients does not induce premature
luteinization of the large follicles as long as the
daily administration dose remains under 100 IU,
which is a dose well above the hCG provision,
which would be administered by regular treatment
[63]. It is expected that daily administration of
equivalent doses of recombinant LH from the
beginning of the stimulation is also safe [85]. Also,
another team, who studied GnRH agonist-
suppressed infertile women treated with different
FSH preparations, demonstrated no correlation
between rising preovulatory progesterone concen-
trations and LH activity [86, 87], but rather, a strong
positive correlation with serum FSH. Moderate
progesterone increments have been observed in
severely downregulated patients treated exclusively
with recombinant FSH [88, 89]. Supraphysiological
doses of FSH are able to induce progesterone ele-
vations and to increase thecal androgen production.
Supraphysiological FSH levels mobilize factors
from granulosa cells that promote the production of
progesterone by the theca cells [90].

Routine LH or hCG Bioactivity
in Combination to FSH

Large clinical trials, comparing the use of
HP-hMG with r-FSH in GnRH agonist downreg-
ulated and in GnRH antagonist suppressed
patients (700 and more patients per study) dem-
onstrated higher live birth rates in the hCG con-
taining HP-hMG preparation. The mechanisms
behind the positive effects of low hCG levels on
gamete quality still remain largely enigmatic.
The studies with HP-hMG suggest that constant
background of LH bioactivity in the form of hCG
during the preovulatory phase has a major impact
upon the steroid environment with potential
downstream effects on gamete competence. In
large prospective randomized studies comparing
the use of HP-hMG to r-FSH in combination with
GnRH analog for IVF, HP-hMG yielded higher
live birth rates, despite a lower oocyte recovery
rate, compared to r-FSH. In the Merit® trial, part
of the explanation for superior results with
HP-hMG could be attributed to the higher embryo
quality parameters and higher implantation rates

in HP-hMG top-quality embryos [75]. The rea-
son for better embryological outcomes in
HP-hMG is not known; beneficial effects from a
paracrine environment, induced by LH bioactiv-
ity on oocyte cytoplasmic maturation might
involve androgen action, epidermal growth factor
(EGF)-like factors, or factors from the transform-
ing growth factor-beta (TGFp) superfamily,
linked to developmental competence [69, 70, 91].
Larger prospective studies are needed to evaluate
the significance of LH exposure at the molecular
level in oocytes and embryos and to clarify sug-
gested differences in hCG or LH effects.

Conclusions

The availability of recombinant products with
very specific and distinct bioactivity allows
further study of the actions of LH and
hCG. Clinical data suggest that the effects of
the two molecular entities, working via the
same hLHCG receptor might be different.
Many reasons for the observed differences
have already been provided, but the high
molecular complexity of the two hormones
and their interaction on the reproductive
organs need further study.
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Abstract

Biosimilars, also known as follow-on biologics, are biologic medical prod-
ucts whose active drug substance is made by a living organism or derived
from a living organism by means of recombinant DNA or controlled gene
expression methods. Recombinant human follicle-stimulating hormone
(r-hFSH) was one of the early biologic drugs to be approved and is used in
assisted reproductive technologies (ART), sometimes known as in vitro fer-
tilization. The drug was first marketed as Gonal-F by Merck Serono but has
lost its European patent some time ago, US patent extends to 2015. In 2014,
two FSH biosimilars obtained marketing authorization by the European
Medicines Agency. Biosimilar FSH preparations are expected to be bio-
logically and clinically “non inferior” to the originator product. However,
prescribing a biosimilar to a patient calls for certain basic understanding by
physicians of the scientific factors associated with the safety and efficacy of
these products. Substituting an innovator brand by a biosimilar brand calls
for caution in terms of quality, safety, and efficacy aspects due to clear dif-
ferences between biosimilars and their reference products. The impact of
FSH and human chorionic gonadotropn (hCG) biosimilars on cost and out-
comes of ART is far from being established, since insufficient information
is available to demonstrate the pros and cons in the long-term application.
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Introduction

Limited access to high-quality biologics due to
the cost of treatment constitutes an unmet medi-
cal problem globally. The term “biosimilar” is
used to designate a follow-on biologic that meets
the extremely high standards for comparability or
similarity to the originator biologic drug that is
approved for use for the same indications [1].
Biosimilars (or follow-on biologics) are terms
used to describe officially approved subsequent
versions of innovator biopharmaceutical prod-
ucts made by a different sponsor following patent
and exclusivity expiry on the innovator product
[2]. Biosimilars are also referred to as subsequent
entry biologics (SEBs) in Canada [3]. Reference
to the innovator product is an integral component
of the approval.

Use of biosimilar products has already
decreased the cost of treatment in many regions
of the world, and now a regulatory pathway for
approval of these products has been established
in the USA. The Food and Drug Administration
(FDA) led the world with the regulatory concept
of comparability, and the European Medicines
Agency (EMA) was the first to apply this to bio-
similars. Patents on the more complex biologics,
especially monoclonal antibodies, are now begin-
ning to expire and biosimilar versions of these
important medicines are in development. The
new Biologics Price Competition and Innovation
Act allows the FDA to approve biosimilars, but it
also allows the FDA to lead on the formal desig-
nation of interchangeability of biosimilars with
their reference products [4]. The FDA’s approval
of biosimilars is critical to facilitating patient
access to high-quality biologic medicines, and
will allow society to afford the truly innovative
molecules currently in the global biopharmaceu-
tical industry’s pipeline [4].

Unlike the more common small-molecule
drugs, biologics generally exhibit high molecular

complexity, and may be quite sensitive to changes
in manufacturing processes. Follow-on manufac-
turers do not have access to the originator’s
molecular clone and original cell bank, nor to the
exact fermentation and purification process, nor
to the active drug substance. They do have access
to the commercialized innovator product.
Differences in impurities and/or breakdown
products can have serious health implications [1].
This has created a concern that copies of biolog-
ics might perform differently than the original
branded version of the product. Consequently,
only a few subsequent versions of biologics have
been authorized in the USA through the simpli-
fied procedures allowed for small-molecule
generics, namely, Menotropins (January 1997)
and Enoxaparin (July 2010), and a further eight
biologics through the 505(b) [2] pathway [5].

Biosimilars can only be authorized for use once
the period of data exclusivity on the original “ref-
erence” biological medicine has expired [1, 5]. In
general, this means that the biological reference
medicine must have been authorized for at least
10 years before a similar biological medicine can
be made available by another company. For bio-
similar medicines, the company needs to carry out
studies to show that the medicine is similar to the
reference medicine and does not have any mean-
ingful differences from the reference medicine in
terms of quality, safety, or efficacy. As information
on the reference medicine is already available, the
amount of information on safety and efficacy,
needed to recommend a biosimilar for authoriza-
tion, is usually less than the amount needed to
authorize an original biological medicine. As with
all medicines, the European Medicines Agency
continues to monitor the safety of biosimilar med-
icines once they are on the market [1, 5].

None of the biosimilars were reported to have
evidence of significant clinical variation relative
to reference compounds in the absence of corre-
sponding differences in biophysical properties
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[5]. A recent study provides evidence that current
EU guidelines have resulted in the approval of
biosimilar therapeutics with comparable efficacy
and safety profiles for the recommended indica-
tions of their respective reference originator bio-
logics. It is anticipated that these precedents will
serve as a starting point in the development of a
process for approving biosimilars worldwide to
provide efficacious and tolerable biotherapeutics
with a significant cost advantage for national
health care programs and consumers [5].

Discussion

Follicle-stimulating hormone (FSH) is a glyco-
protein hormone essential for reproduction, both
in females and males, and it is physiologically
produced by the anterior pituitary gland in sev-
eral isoforms. This heterogeneity is also typical
of FSH-containing compounds, both urinary-
derived and recombinant products. These com-
pounds are widely used in assisted reproductive
technologies (ART), to induce multifollicular
development. Recently, the increased cost pres-
sure on healthcare systems and the patent expira-
tion date of widely used biotechnology-derived,
recombinant FSH prompted the pharmaceutical
interest in FSH biosimilars.

Recombinant human FSH (rh-FSH) is an
important drug in Reproductive Medicine.
Thorough analysis of the heterodimeric heavily
glycosylated protein is a prerequisite for the eval-
uation of production batches as well as for the
determination of “essential similarity” of new
biosimilars [6]. The concerted application of dif-
ferent liquid chromatography-mass spectrometry
methods enabled the complete depiction of the
primary structure of this pituitary hormone.
Sequence coverage of 100 % for the - as well as
the p-chain was achieved with tryptic peptides.
Most of these peptides could be verified by tan-
dem mass spectrometry. Quantification of the
glycoforms of each glycopeptide was accom-
plished with the software MassMap®. The cur-
rently marketed product Gonal-F™ and a
potential biosimilar were compared with the help
of these procedures [6].

Ruman et al. [7] evaluated the efficacy of two
novel long-acting thFSH analogs, rh-FSH-N2
and thFSH-N4, in stimulating murine folliculo-
genesis. Recombinant hFSH-N2 and -N4 were
administered via single IP injection to 3-week-
old female mice (n=10) that were killed 48 h
later for dissection and histologic examination of
reproductive organs and serum inhibin A. Results
were compared with other groups of mice that
received either single or q 12 h injections for 48 h
of commercial thFSH, or a single injection of
pregnant mare serum gonadotropin (PMSG).
A subgroup of the mice receiving rh-FSH-N4
was supplemented with daily injections of small
doses of hCG to simulate LH add-back.
Recombinant human FSH-N2 and -N4 adminis-
tration induced a statistically significant increase
in ovarian weights, uterine weights, and inhibin
A levels compared with single and twice-daily
injection of thFSH. PMSG induced the greatest
increases in all three measured parameters. There
was no statistical difference between rhFSH-N2
and rhFSH-N4 for any parameter analyzed.
A single injection of rhFSH-N2 or -N4 induced a
greater number of antral follicles than did either
single or q 12 h injections of rhFSH. The addition
of small doses of hCG to rhFSH-N4 increased
inhibin A levels and antral follicle number to
reach statistical equivalence to PMSG treatment.
The authors concluded that addition of a syn-
thetic polypeptide containing two or four
N-linked glycosylation sites to thFSH increases
in vivo bioactivity of the hormone compared to
commercial thFSH. After a single injection, both
rhFSH-N2 and rthFSH-N4 effectively induced a
greater follicular response in the mouse than did
rhFSH [7].

Kim et al. [8] formulated a study to develop
efficient Chinese hamster ovary (CHO) cells that
express thFSH in serum-free conditions and to
investigate the effect of this newly synthesized
rhFSH on folliculogenesis and ovulation. A sta-
ble single CHO cell that expresses rhFSH at a
high level was obtained by introducing the human
chorionic gonadotropin (hCG) alpha-subunit and
FSH beta-subunit genes. After purification pro-
cessing, they investigated the effect of this newly
synthesized rhFSH on folliculogenesis in
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hypophysectomized rats and ovulation in andro-
gen-sterilized mice. The ovary weight, uterine
weight, number of follicles, and ovarian mor-
phology were evaluated in immature hypophy-
sectomized rats. The number of ovulated oocytes
and ovarian morphology were examined in
androgen-sterilized mice. After purification pro-
cessing, they analyzed the new rhFSH using
matrix-associated laser desorption ionization-
time of flight and found that this new rhFSH
increased both ovarian weight and uterine weight
in hypophysectomized rats and induced ovula-
tion in androgen-sterilized mice. The study con-
cluded that the newly synthesized rhFSH can be
safely used in anovulatory infertile woman as
well as in ovulation induction protocols for sub-
fertile women [8].

Moon et al. [9] compared the efficacy and
safety of a new rhFSH (FSH; DA-3801) with
Follitropin-alpha (Gonal-F) in women undergo-
ing controlled ovarian hyperstimulation (COH)
for ART. This was a phase III, multicenter, ran-
domized, non-inferiority study. A total of 97
women were randomized to receive COH using
DA-3801 (DA-3801 group, n=49) or Gonal-F
(Gonal-F group, n=48). All subjects underwent
COH using a gonadotropin-releasing hormone
(GnRH) antagonist protocol. The primary effi-
cacy endpoint was the number of oocytes
retrieved, and the secondary efficacy endpoints
included the total dose of FSH, the duration of
stimulation, the serum estradiol levels on the day
of hCG administration, and the fertilization,
implantation, and pregnancy rates. Safety was
evaluated using pre- and post-treatment labora-
tory tests and all adverse events were recorded.
The number of oocytes retrieved was 13.0+6.2
(DA-3801) versus 10.6+6.7 (Gonal-F) in the
intention-to-treat (ITT) population, and 12.7+6.4
(DA-3801) versus 11.0+7.1 (Gonal-F) in the per-
protocol (PP) population. The non-inferiority of
DA-3801 was demonstrated with differences of
2.3+6.5 (95 % confidence interval [CI]=0.13,
infinity) and 1.7£6.7 (95 % CI=-0.74, infinity),
respectively, in the ITT and PP populations. The
total dose of FSH used (1789.8+465.5 vs
2055.6+£646.7 pg/mL, P=0.027) and duration of
stimulation (8.3+1.4 vs 9.1+1.9 days, P=0.036)
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in the ITT population were significantly lower in
the DA-3801 group. Other secondary efficacy
endpoints, including pregnancy and implantation
rates and the incidence and severity of adverse
events, were comparable between the two groups.
The results of this study demonstrate that
DA-3801 is not inferior to Follitropin-alpha in
terms of its efficacy and safety in women under-
going COH for ART [9].

Choi [10] presented the first clinical results of
biosimilar rthFSH in 2006 on the efficacy and
safety of LG rhFSH (LBF0101) versus
Follitropin-alpha (Gonal-F) in IVF/ICSI cycles.
The number of oocytes retrieved by LG rthFSH
was not significantly different to that by Gonal-F
(12.3+£5.9 vs 4.2=/-8.6). LG rhFSH was equiva-
lent to Gonal-F in terms of secondary efficacy
parameters. LG rhFSH and Gonal-F did not show
significant difference regarding adverse events
and local reactions to injection [10].

A new recombinant Follitropin was developed
as a mixture of heterodimeric alpha and beta sub-
units by LG Life Sciences (Seoul, Korea). Koong
et al. [11] conducted a study to evaluate the effi-
cacy of the new recombinant Follitropin
(LBFS0101) in an in vitro fertilization-embryo
transfer (IVF-ET) program. Between April and
July 2005, 28 cycles of COH-IVF were included
in this prospective study. The patients were ran-
domly divided into LBFS0101 (n=15) and
Gonal-F (n=13) groups. COH was performed
with GnRH agonist, and ovarian response was
monitored by transvaginal sonography (TVS)
and estradiol (E2) concentrations. Outcomes of
fertilization and pregnancy were compared.
Production of anti-FSH antibodies by injected
recombinant FSH was monitored in the patient’s
serum before and after COH-IVF using
ELISA. There was no statistical difference
between two groups in the ovarian response, such
as duration of stimulation, number of follicles,
and serum E2 concentration on the day of hCG
injection. There was no statistical difference in
pregnancy and fertilization rates [11].

Lee et al. [12] analyzed the efficacy and tol-
erability of Follitropin-heterodimeric alpha-beta
subunit mixture (LBFS0101; LG Life Sciences
Ltd Seoul, Korea), new rhFSH preparations,
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for superovulation in patients undergoing
IVF-ET. One hundred and three infertile women
undergoing IVF-ET in 2005 were enrolled into
the study. After downregulation with Buserelin
acetate, patients were randomized to receive
LBFO0101 (n=52) or Gonal-F (n=51). rhFSH was
administered at 150-300 IU/day for 3-5 days,
and then dosages were adjusted according to
the ovarian response. A total of 15 cycles were
cancelled, and 88 cycles (LBFS0101=47 cycles;
Gonal-F=41 cycles) were studied. There were no
statistically significant differences in any clinical
profiles of patients between the two preparations.
Also, cumulative dose of thFSH (2371.3=/-728.4
mlU for LBFS0101 vs 2409.8+769.4 mIU
for Gonal-F), duration of rhFSH treatment
(9.3=/-4.6 days vs 10.6=/-5.8), and number of
retrieved oocytes (14.2=/-9.1 vs 14.4=/-8.8)
were not different. Clinical pregnancy rates and
implantation rates were similar [44.7 % (21/47),
22.1 % (38/1690 for LBFS0101 and 56 %
(23/41), 29.55 (941/139) for Gonal-F]. Anti-FSH
antibody was not detected in all samples. The
authors concluded that the results of their clinical
study indicate that LBFS0101 may be suitable
for use in ovarian stimulation for human IVF-ET
programs [12].

FINOX Biotech (Finox AG) announced in
2012 that the pivotal phase III study (FIN3001)
with Afolia, a biosimilar recombinant follicle-
stimulating hormone (r-FSH), in patients under-
going ART, has met its primary endpoint [13].
Afolia is a new “biosimilar” medicine, an almost
exact copy of the originator product that was
produced using recombinant DNA technology.
Both Afolia and the reference product Gonal-F
are formulations of the naturally occurring hor-
mone FSH, which plays a key role in human
reproduction. Afolia is the result of a targeted
drug development process, aimed to replicate as
closely as possible the reference product. Afolia
demonstrated clinical and statistical equivalence
to the reference product Gonal-F. Equivalence
was defined by retrieving similar numbers of
oocytes during standard treatment duration of
10-16 days with a fixed dose of r-FSH. The
equivalence margins required that the differ-
ence in the number of oocytes retrieved not

exceed +2.9 oocytes. Results prove that Afolia is
“biosimilar” to Gonal-F: the number of oocytes
retrieved was 11.3 in the AFOLIA group, com-
pared to 10.8 in the Gonal-F group. The treat-
ment difference was 0.52 with a 95 % CI of
—0.81 to 1.79. The predefined equivalence mar-
gin was met. FIN3001 was an assessor-blinded,
multicenter, phase III study, including a total
of 410 patients in a 2:1 randomization scheme
in favor of Afolia. The treatment effect and the
safety profile of Afolia in controlled ovarian
stimulation were compared to the widely used
reference medicine, Gonal-F. Secondary end-
points included the number of days treated with
FSH, the total dose of FSH received, the qual-
ity of oocytes retrieved, the quality of embryos
transferred, and other important clinical param-
eters for ART. The results from the secondary
endpoints were also similar in both treatment
groups [13].

Recombinant hCG (r-hCG) had been initially
manufactured by transfecting non-human cell
lines (Chinese hamster ovary cells) with genetic
material capable of replicating identical amino
acid sequences to the human compound and
developed as a pharmaceutical product named
Ovidrel® (Merck Serono, Switzerland). Today,
you have biosimilar molecules available in India
(Triggerix®, Lupin Pharma, India).

Human chorionic gonadotropin is a therapeu-
tic protein used for ovulation induction in women
with infertility. Dong-A Pharm. Co. has devel-
oped r-hCG [product code DA-3803], produced
in Chinese hamster ovary cells, and evaluated its
biologic properties, such as biologic potency,
efficacy, and pharmacokinetic profile, compared
with a reference product, Ovidrel® [14]. The pur-
pose of a recent study was to evaluate the effi-
ciency of the purification process of Dong-A
rhCG (DA-3803) and its bioequivalence from a
biosimilar perspective. To confirm bioequiva-
lence, the in vivo/in vitro biologic potency, ovu-
lation induction rate, and pharmacokinetic profile
of DA-3803 were compared with those of
Ovidrel®. DA-3803 showed equivalent potency
with Ovidrel®, and similarity between DA-3803
and Ovidrel® was observed in an efficacy evalua-
tion that measured ovulation induction [14].
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Conclusion

A similar biological or “biosimilar” medicine
is a biological medicine that is similar to
another biological medicine that has already
been authorized for use. Biological medi-
cines are medicines that are made by or
derived from a biological source, such as a
bacterium or yeast. They can consist of rela-
tively small molecules, such as human insu-
lin or erythropoietin, or complex molecules
such as monoclonal antibodies. Owing to
affordability and easy accessibility, biosimi-
lars have established a good reputation
among healthcare professionals. Though bio-
similars are gaining popularity in national
and international markets, it is important to
remember that the biosimilars are not bio-
logical generics. These are rather unique
molecules which are supported by only lim-
ited clinical data at the time of approval [15].
Therefore, there are concerns regarding their
efficacy, long-term safety, and immunogenic-
ity. At present, India is one of the leading
contributors in the world biosimilar market.
India has demonstrated the greatest accep-
tance of biosimilars, which is reflected from
over 50 biopharmaceutical brands getting
marketing approval [16]. The Indian biotech-
nology industry is also gaining momentum,
with revenues of over US $2.0 billion reported
in 2006, 70 % of which were biopharmaceu-
ticals [17, 18]. According to a report, pub-
lished in May 2014, by Visiongain, a business
information publisher and consultancy in
London, the world market drug revenues for
biosimilars and related follow-on biologics
will reach $9.2bn in 2018, and multiply in
size to 2024, the fastest growth expected to
be experienced within the submarkets for
biosimilar monoclonal antibodies (mAbs)
and insulins [19].
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Abstract

The gonadotropin-releasing hormone (GnRH) analogs suppress the pitu-
itary follicle-stimulating hormone (FSH) and luteinizing hormone (LH)
secretion and enable the control of ovarian folliculogenesis to yield high
pregnancy rates in IVF/ICSI cycles. The GnRH analogs have many advan-
tages such as high potency, increased half life, and increased binding capac-
ity to pituitary GnRH receptors, compared with the GnRH molecule. The
two types of GnRH analogs in clinical practice are the GnRH agonist and
GnRH antagonist. The efficacy of these two GnRH analogs is still under
debate. Recent studies have failed to reveal the superiority of one molecule
over another. In normo-responders, the implantation rate, clinical pregnancy
rate, and miscarriage rates were similar in the GnRH antagonist regimens as
well in the GnRH agonist long protocol. However, a significantly higher
number of oocytes and higher proportion of mature MII oocytes was
retrieved per patient randomized in the GnRH agonist group compared to
the GnRH antagonist group. In poor responders, the duration of stimulation
with the GnRH antagonist was smaller than the GnRH agonist cycle,
although there was no statistical difference in the number of oocytes
retrieved, the number of mature oocytes retrieved, the cycle cancellation
rate, and clinical pregnancy rate between the GnRH antagonist and GnRH
agonist protocols.
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Abbreviations

COH  Controlled ovarian hyperstimulation

IVF In vitro fertilization

ICSI  Intracytoplasmic sperm injection

GnRH Gonadotropin releasing hormone

GnRH a Gonadotropin releasing hormone
agonist

GnRH ant Gonadotropin releasing hormone
antagonist

FSH  Follicle stimulating hormone

LH Luteinizing hormone

oC Oral contraceptive

P Progesterone
OHSS Ovarian hyperstimulation syndrome

Introduction

In the early twentieth century, the function of
gonadotropin-releasing hormone (GnRH) was
first elucidated. Researchers discovered that any
lesions involving the anterior pituitary may lead
to genital atrophy. This fact gives us to under-
stand the hypopthalamo-pituitary gonadal axis
[1]. The GnRH decapeptide and its amino acid
sequence was discovered in 1971 [2].
Modifications at amino acid positions 6 and 10
gave rise to GnRH analogs. The GnRH analogs
have many advantages, such as high potency,
increased half life, and increased binding capac-
ity to pituitary GnRH receptors, compared with
the GnRH molecule [1].

Two types of GnRH analogs, GnRH agonists
and antagonists, have been discovered
(Table 5.1). These peptides that mimic the action
of GnRH are of potential clinical interest because
they can be used to suppress gonadotropin secre-

Table 5.1 GnRH analogs

GnRH agonists GnRH antagonists

Triptorelin Nal-Glu-GnRH

Leuprolide Antide

Buserelin Azaline B

Goserelin Cetrorelix
Ganirelix

Derived from reference Ortmann et al. [3]
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tion and subsequent sex steroid production [3].
The main function of these molecules is to pre-
vent the endogenous LH surge in controlled
ovarian hyperstimulation. By this function, the
cycle cancellation rate is decreased and the in
vitro fertilization (IVF) cycle outcomes
improved. Furthermore, these molecules give
clinicians the flexibility to schedule the oocyte
retrieval time [1].

GnRH Agonists

The amino- and the carboxy-terminal sequences
of the native GnRH molecule are critically impor-
tant for binding to the receptor, whereas the
amino-terminal domain plays a critical role in
receptor activation. Several GnRH agonists have
been synthesized: they are characterized by
changing the amino acid on position 6. This new
property gives new advantages to the resulting
molecule. The agonist analogs become more
resistant to enzymatic degradation and possess
higher affinity to the GnRH receptor [3].

The GnRH agonist initially stimulates pitu-
itary secretion (flare effect), subsequently inhib-
its pituitary gonadotropin secretion due to
reduction of GnRH receptors on the cell mem-
brane of the gonadotropic cell (downregulation).
As the receptors remain bound to the agonist for
a while, the resumption of pituitary secretion
usually begins 2 weeks after interruption of treat-
ment. Full restoration of ovarian function takes
place in more than 6 weeks [4].

GnRH agonists induce profound suppression
of endogenous release of gonadotropins during
the early follicular phase, allowing the early
antral follicles to grow synchronously in response
to exogenous gonadotropins to accomplish
simultaneous maturation. This leads to an
extended widening of the FSH window, an
increased number of recruited mature follicles,
and a higher number of retrieved oocytes [5].

There are two most commonly used GnRH
agonist protocols. The first one is long agonist
downregulation =~ GnRH  agonist  protocol
(Fig. 5.1). In this protocol, GnRH agonist is given
in the mid-luteal phase of previous cycle. The
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Fig.5.1 GnRH agonist downregulation protocol
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Fig.5.2 Short flare GnRH agonist protocol

second one is the short flare agonist downregula-
tion protocol, where the GnRH agonist is given
on day 2 of menstruation (Fig. 5.2) [1].

In the long protocol, a GnRH agonist depot
preparation or daily injections are initiated dur-
ing the mid-luteal phase of the preceding cycle.
Today, this protocol, which aims at complete
desensitization of the pituitary gland before
starting stimulatory therapy, is still the most
used worldwide for assisted reproductive tech-
niques. Despite its effectiveness in preventing
the premature LH surge and allowing strict
cycle control, it has some disadvantages such as
the following.

Luteal support

OPU

Y
Pregnancy test

(a) Duration: treatment cycle at least 14 days
longer than the normal menstrual cycle.

(b) Administration of the agonist in the presence
of a possible early pregnancy.

(c) Cyst formation: the flare-up effect might
interfere with ovarian function.

(d) Hormonal withdrawal symptoms.

(e) Gonadotropin use: more gonadotropins are
used as compared with cycles without the use
of GnRH agonists.

(f) Ovulation induction only possible by human
chorionic gonadotropin (hCG) or LH, but not
by GnRH due to desensitization of the pitu-
itary gland.
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(g) Need of luteal phase support due to desensi-
tization of the pituitary gland.

(h) Increased incidence of moderate and severe
OHSS as compared with cycles without the
use of GnRH agonists.

(i) Disturbance to subsequent menstrual cycles
due to prolonged pituitary suppression after
desensitization [6].

The GnRH agonist protocol may result in sta-
ble and low LH and progesterone (P) levels
throughout the stimulation phase and may also
cause suppression of endogenous FSH levels,
leading to a follicular cohort of all small follicles
at the initiation of FSH stimulation resulting in a
synchronized follicular development. The advan-
tages of this protocol are increased number of
oocytes collected, additional pregnancy chances
from cryopreserved embryos, and improvement
in patient scheduling [7].

GnRH Antagonists

Antagonistic analogs of GnRH are derived from
multiple amino acid substitutions at positions 1, 2,
3, 6, 8, and 10 in the decapeptide. These com-
pounds have to be administered at high doses to

Fixed day 6
Single dose on day 7

Flexible follicle >14 mm
D2-3

A.Demirol and S. Guven

result in the counteraction of endogenous GnRH
activity. The first generation of GnRH analogs
may cause anaphylactic reactions, due to stimula-
tion of histamine release. The new generation
compounds — Ganirelix and Cetrorelix — are free
of such side effects. These analogs suppress
gonadotropin (FSH, LH) secretion immediately
and the levels of sex steroids decline. GnRH
antagonists do not induce an initial increase of
gonadotropins. Apart from their action to com-
pete with GnRH for receptors on gonadotroph cell
membranes, recent data indicate that prolonged
treatment with GnRH antagonists leads to down-
regulation of GnRH receptors. GnRH antagonists
act mainly through competition with native GnRH
for the specific membrane receptors [3].

Three GnRH antagonist protocols have been
described:

(a) Fixed day 6 protocol: 0.25 mg GnRH antago-
nist/daily until hCG administration.

(b) Single dose protocol: 3 mg GnRH antagonist
on day 7 of stimulation.

(c) Flexible dose protocol: 0.25 mg GnRH
antagonist when follicles reach >14 mm [7]
(Fig. 5.3).

One of the most promising aspects of introduc-
ing GnRH antagonists into ovarian stimulation is

/
Gonadotropin

GnRH agonist

Fig.5.3 GnRH antagonist protocol

Luteal support

OPU

Pregnancy test
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the theoretical possibility of making this treat-
ment less aggressive and much “softer” than an
agonistic long protocol.

Based on review results of Felberbaum et al.
[6], antagonist protocols have clear advantages,
such as a shorter stimulation period, no sex ste-
roid withdrawal symptoms, a lower rate of
OHSS, and the possibility of finding more com-
fortable ways of ovarian stimulation. The phar-
macological mode of action of GnRH
antagonists is more physiological than that of
GnRH agonists. GnRH antagonists allow
immediate suppression of gonadotropins while
preserving pituitary responsiveness to endoge-
nous GnRH, which means enormous flexibility
within therapeutic options. The GnRH antago-
nists may be given only when needed. The same
publication suggested using GnRH antagonist
protocol in selected patients, especially in poor
responders [6].

In 2013, Depalo et al. [7] reported that the
GnRH antagonist regimen is effective in prevent-
ing a premature rise of LH and therefore, results
in a shorter and more cost-effective ovarian stim-
ulation protocol compared to the long agonist
protocol [7]. However, there is a difference in the
synchronization of follicular recruitment and
growth in the GnRH agonist and GnRH antago-
nist regimens, with better follicular growth and
oocyte maturation seen with GnRH antagonist
treatment [7, 8]. The main advantages of antago-
nist protocols are that it gives immediate, revers-
ible suppression of gonadotropin secretion,
which avoids the adverse effects related to the
initial flare up and subsequent downregulation.
The clinicians may initiate the IVF treatment in a
normal menstrual cycle. Antagonist protocols
result in endogenous inter-cycle FSH rise rather
than FSH suppression, thus resulting in a signifi-
cant reduction in the effective dosage and shorter
treatment, than with the GnRH agonist. The main
disadvantages of antagonist protocols are that it
may cause high inter-cycle endogenous FSH con-
centrations, inducing secondary follicle recruit-
ment and leading to asynchronous follicular
development [7].
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GnRH Antagonist versus GnRH
Agonist Protocol in Good
Responders

In a recent retrospective study, the outcome
parameters of the patients anticipated to have a
good response to stimulation, based upon base-
line characteristics using either a GnRH agonist
or antagonist protocol in their first IVF cycle
were compared. The authors clearly reported that
clinical pregnancy (43.6 % vs. 48.6 %) and live
birth rates (34.9 % vs. 40.1 %) were similar in
good responders utilizing either a GnRH agonist
or antagonist during their first cycle of IVF [9].

In another prospective randomized study, the
cycle outcomes of oral contraceptive (OC) pill
pretreatment in recombinant FSH/GnRH-
antagonist versus recombinant FSH/GnRH-
agonist stimulation in IVF patients were reported.
In both the protocols the patients had similar
number of two pronuclei (2PN) oocytes, cryopre-
served embryos, embryos transferred, implanta-
tion, and pregnancy rates [10].

The positive effect on reduction of OHSS
rates in antagonist protocols was elucidated in a
recent meta-analysis [11]. Based on 45 random-
ized controlled trials (RCTs) study results, the
authors failed to reveal any statistically signifi-
cant results in terms of ongoing pregnancy rates
and live birth rates. However, the authors clearly
reported that the use of antagonist compared with
long GnRH agonist protocols was associated
with a large reduction in OHSS [11].

The study questions whether a GnRH agonist
and a GnRH antagonist protocol for the same
patient undergoing IVF have different cycle out-
comes was answered in a recent study [12]. In
this retrospective study, the implantation rate and
clinical pregnancy rate were significantly higher
in the antagonist protocol (15.82 % and 30.26 %,
respectively) than in the agonist protocol (5.26 %
and 10.64 %, respectively). It was concluded that
the GnRH antagonist protocol probably improved
the outcome of pregnancy of older patients with a
history of multiple failure of IVF-ET [12].

Recent meta-analysis summarized the study
findings of RCTs [7, 8]. Based on these study
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results, the implantation rate, clinical pregnancy
rate, and miscarriage rates were similar in the
GnRH antagonist as well the GnRH agonist long
protocol. However, a significantly higher number
of oocytes and a higher proportion of mature MII
oocytes were retrieved per patient randomized, in
the GnRH agonist group compared to the GnRH
antagonist group. Moreover, a significant rela-
tionship was observed between the patient’s age
and the number of oocytes retrieved in the antag-
onist group, meaning that the GnRH antagonist
allows a more natural recruitment of follicles in
the follicular phase in an ovary that has not been
suppressed, whereas a better synchronization of
the follicular cohort is observed with the agonist
treatment [7, 8].

GnRH Antagonist versus GnRH
Agonist Protocol in Poor
Responders

Mohamed et al. [13] compared the agonist flare-
up and antagonist protocols in the management
of poor responders to the standard long down-
regulation protocol in a retrospective study [13].
They found both the flare-up and the antagonist
protocols significantly improved the ovarian
response of known poor responders. However, a
significantly higher cycle cancellation rate and
less patients having embryo transfer in the antag-
onist group tipped the balance in favor of the
flare-up protocol [13]. Another recent retrospec-
tive study compared the efficacy of four different
protocols including GnRH agonist (long, short
and mini-flare), and GnRH antagonist on preg-
nancy outcomes in poor responders. They sug-
gested that the application of four different
protocols in poor responder patients seem to have
similar efficacy in improving clinical outcomes
such as implantation, pregnancy and cancellation
rates [14].

The first published report of a prospective,
RCT, comparing a fixed, multi-dose GnRH
antagonist protocol with a long GnRH agonist
protocol in poor responders undergoing IVF con-
cluded that a protocol including a GnRH antago-
nist appears at least as effective as one using a
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GnRH agonist in patients who are poor respond-
ers to a long agonist protocol, and may be easier
or more convenient to administer. Both the proto-
cols have similar implantation and pregnancy
rates [15].

Another randomized prospective study
focused on the advantageous affect of antagonist
protocols on embryologic data. In this random-
ized prospective study, the authors found that the
flare-up protocol appears to be more effective
than the GnRH antagonist protocol in terms of
mature oocytes retrieved, fertilization rate, and
top quality embryos transferred in poor-responder
patients. However, they also reported similar
findings in both protocols in terms of implanta-
tion and pregnancy rates [16]. We also published
similar study results in 2009 [17]. We clearly
reported in our randomized prospective study
that the microdose flare-up protocol seems to
have a better outcome in poor responder patients,
with a significantly higher mean number of
mature oocytes retrieved and higher implantation
rate [17].

Kahraman et al. [18] also compared the effi-
cacy of the microdose GnRH agonist flare-up and
multiple dose GnRH antagonist protocols in
patients who had a poor response to a long luteal
GnRH agonist protocol in a prospective random-
ized study. The authors concluded that the micro-
dose GnRH agonist flare-up protocol and multiple
dose GnRH antagonist protocol seem to have
similar efficacy in improving treatment outcomes
in poor responder patients [18].

A recent randomized prospective study com-
pared the efficacy of GnRH antagonist protocol
with GnRH agonist protocol in poor responders
in 364 women. They concluded that long GnRH
agonist and fixed GnRH antagonist protocols
have comparable pregnancy rates per transfer
(42 % vs. 33 %, respectively). The higher cancel-
lation rate (22 % vs. 15 %, respectively) observed
in the antagonist group suggests the long GnRH
agonist protocol as the first choice for ovarian
stimulation in these patients [19].

Recently, in view of the discrepancies about
the potential advantages of GnRH antagonist
ovarian stimulation protocols compared with the
GnRH agonist protocols in poor ovarian respond-
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ers undergoing IVF/ICSI, a meta-analysis of the
published data was performed to compare the
efficacy of GnRH antagonist versus GnRH ago-
nist protocols for ovarian stimulation in IVF
poor responders. A meta-analysis involving 566
IVF patients in the GnRH antagonist protocol
group and 561 patients in the GnRH agonist pro-
tocol group was performed. The main conclu-
sion of this study was a clear advantage was
gained in the duration of stimulation with GnRH
antagonist in poor ovarian responders undergo-
ing IVF, although there were no statistical differ-
ences in the number of oocytes retrieved, the
number of mature oocytes retrieved, the cycle
cancellation rate, and clinical pregnancy rates
between the GnRH antagonist and GnRH ago-
nist protocols. However, the authors also
addressed the fact that further controlled ran-
domized prospective studies with larger sample
sizes are needed [20].
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Abstract

Advances in recombinant DNA technologies have led to the development
of longer-acting preparations with prolonged follicle-stimulating bioactiv-
ity. Corifollitropin alfa is a synthetic recombinant follicle-stimulating hor-
mone (r-FSH) molecule containing a hybrid beta subunit, which provides
prolonged follicle-stimulating activity while maintaining its pharmacody-
namic activity. In controlled ovarian stimulation, long-acting gonadotro-
pins have the ability to initiate and sustain multifollicular growth for
7 days. Current evidence suggests that the use of a medium dose of long-
acting FSH is a safe treatment option and equally effective compared to
daily FSH. This simplified treatment approach may provide a more
patient-friendly approach to controlled ovarian stimulation. Further
research is needed to determine whether long-acting FSH is safe and effi-
cacious in patients at risk of ovarian hyperstimulation or poor responders.
Studies are also needed to assess patient satisfaction and overall patient
experience with the long-acting FSH preparations. Novel drug delivery
systems developments will ultimately lead to greater ease of administra-
tion, more simplified and convenient dosing regimens and superior safety
and efficacy, ultimately leading to greater patient satisfaction and improved
patient experience.
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Introduction

Since the advent of in vitro fertilization (IVF),
gonadotropins have been used to stimulate mul-
tiple follicle development [1]. This overcomes
the physiologic selection of a single dominant
follicle by increasing the duration during which
serum follicle-stimulating hormone (FSH) levels
remain above the threshold required for follicular
recruitment and maturation [2, 3]. The presence
of several mature oocytes for IVF and intracyto-
plasmic sperm injection (ICSI) procedures
improves the chances of obtaining good-quality
embryos and thereby, a successful pregnancy [4].

Several advances have taken place in the use
of gonadotropins, beginning from the initial
attempts at their extraction from animals, human
cadavers and human urine to the production of
recombinant products from Chinese hamster
ovary (CHO) cells. These developments, espe-
cially the introduction of recombinant gonadotro-
pins, have led to improved ovarian stimulation
protocols by improving their efficacy and ease of
administration.

At present, treatment regimens for IVF usu-
ally involve daily injections of FSH, either uri-
nary FSH or recombinant FSH (r-FSH) with or
without luteinizing hormone (LH) injections.
Premature ovulation due to an LH surge is usu-
ally prevented by gonadotropin-releasing hor-
mone (GnRH) agonists or GnRH antagonists.

Due to the relatively short half-life and rapid
metabolic clearance of current FSH preparations,
daily injections are required to maintain steady
levels of FSH above the threshold during ovarian
stimulation for follicular development [5]. Daily
injections may increase discomfort and stress. It
has been shown that as many as 40 % of non-
pregnant couples withdraw after just one cycle of
IVF due to emotional distress [6]. This has led to
the search for more patient-friendly treatment

protocols, which have the advantage of fewer
errors during administration and improved
patient compliance. Fewer injections may
decrease the emotional stress associated with
IVE. Simpler and more convenient treatment
options may therefore, improve the overall
patient experience.

Several studies have explored whether inter-
mittent administration of r-FSH injections, by
increasing the loading dose, could produce out-
comes similar to that of daily FSH injections [7].
Alternatively, the development of FSH prepara-
tions with a longer half-life and a slower absorp-
tion to peak serum levels may be more helpful in
obtaining a longer injection-free period than
increasing the loading dose of current FSH prep-
arations [8]. Besides improved patient compli-
ance, long-acting compounds may result in more
stable serum levels compared with repeated dos-
ing using short-acting preparations.

In this chapter, we have discussed the latest
advances in recombinant DNA technologies that
have led to the development of longer-acting
preparations with FSH bioactivity, including the
production of Corifollitropin alfa, a new hybrid
molecule with prolonged follicle-stimulating
activity.

Gonadotropin Structure
and Function

Follicle-stimulating hormone belongs to the gly-
coprotein hormone family, which also includes
LH, human chorionic gonadotropin (hCG) and
thyroid-stimulating hormone (TSH). The glyco-
protein hormones are cysteine-rich dimeric pro-
teins made up of two non-identical, non-covalently
linked a- and B-subunits. The a-subunit is com-
mon to all family members, whereas the 3-subunit
is unique to each hormone and confers its bio-
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logical and immunological specificity. Each of
the two subunits of FSH has oligosaccharides
that contain sites for the addition of terminal
sialic acid residues [9]. FSH heterogeneity is due
to the content of these sialic acid residues.
Individual FSH isoforms differ in their extent of
post-translational modification. Post-translational
modification of the primary protein structure
results in differential glycosylation, which in turn
produces molecules with different isoelectric
properties and bioactivity [9]. An increased sialic
acid content produces more acidic isoforms with
longer half-lives in vivo. Heavily sialylated FSH
therefore, circulates for longer periods of time
compared with more basic forms. FSH heteroge-
neity influences the amount of time that FSH is
able to circulate, thereby regulating its in vivo
bioactivity. The less acidic isoform was found to
have a faster clearance from the circulation in rats
as compared with the acidic isoform. The carbo-
hydrate moieties on the FSH molecule play a role
in regulating correct protein assembly and secre-
tion of the gonadotropins and signal transduction
[10].

Apart from hCG, the human glycoprotein hor-
mones have relatively short terminal half-lives
in vivo [11]. Although there is substantial amino
acid sequence homology between hCG and LH,
hCG has a much longer plasma half-life com-
pared with LH [12]. The main difference between
them is the presence of an additional 31 amino
acids that form the C-terminal peptide (CTP) of
the hCG f-subunit. Deletion of the CTP resulted
in decreased in vivo activity of the hCG molecule
compared with the wild type in a rat ovulation
assay [13].

Development of Long-Acting FSH
Compounds

Several techniques of developing longer-acting
FSH molecules with increased half-life have
been described. It has been suggested that alter-
ing the structure of the FSH molecule by addi-
tional glycosylation would increase the plasma
half-life of FSH by reducing the glomerular fil-
tration. However, there is a maximum plasma

half-life beyond which further increases cannot
be achieved by additional glycosylation [14].
Longer-acting FSH molecules have also been
developed by introducing additional sequences
containing glycosylation sites at the N-terminus
of the FSH a-subunit [15] or by creating a con-
tiguous, single-chain, covalently bound fusion
protein containing the common o- and FSH
B-subunits separated by the hCG -CTP [16].
Using gene transfer techniques, Boime and
co-workers [17] constructed a chimeric gene
containing the sequence encoding the CTP of the
hCG f-subunit fused to the translated sequence
of the human FSH p-subunit [17]. The FSH
B-CTP chimera was then transfected with the
common glycoprotein a-subunit and expressed in
Chinese hamster ovary (CHO) cells. This chime-
ric recombinant molecule was found to have sim-
ilar in vitro receptor binding and steroidogenic
activity compared with wild-type FSH but sig-
nificantly increased in vivo activity and plasma
half-life [17]. A single injection of this chimeric
molecule could stimulate follicular maturation in
rats enough to induce ovulation induction 52 h
later. In contrast, a single injection of the same
dose of wild-type FSH was not able to achieve
the same effect. The production of a new CHO
cell line, expressing the FSH hybrid molecule,
has led to the development of Corifollitropin alfa,
which has increased in vivo FSH bioactivity.
Other approaches to sustained-release drug
delivery systems for long-acting recombinant
human FSH that are currently being developed
include encapsulation of the drug into small
polymeric microspheres, which degrade slowly,
releasing the drug at a controlled rate [18].

Corifollitropin Alfa: A Long-acting
Recombinant FSH Compound

Recombinant DNA technologies have led to the
development of a new recombinant molecule,
which consists of the a-subunit of human FSH
and a hybrid subunit consisting of the carboxyl-
terminal peptide of the P-subunit of hCG, cou-
pled with the FSH B-subunit. This design was a
result of the observation that CTP is the main
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distinguishing feature between LH and hCG and
is most likely, responsible for the extended
plasma half-life of hCG as compared to LH [18].
This recombinant molecule is a long-acting FSH
compound, named Corifollitropin alfa or FSH-
CTP [8]. Similar to the wild-type FSH,
Corifollitropin alfa interacts only with the FSH
receptor and lacks LH activity [19]. However,
Corifollitropin alfa has a longer plasma half-life
and an extended time interval to reach peak
serum levels [20]. In controlled ovarian stimula-
tion, a single subcutaneous dose of Corifollitropin
alfa has been shown to have the ability to initiate
and sustain multifollicular growth for 7 days.
Subsequently, controlled ovarian stimulation for
follicular development may be continued with
daily FSH injections until the criteria for final
oocyte maturation have been reached. In order to
improve treatment simplicity, Corifollitropin
alfa has been developed in combination with
GnRH antagonist co-treatment.

Pharmacokinetics

Exposure after injection of Corifollitropin alfa
can be measured most reliably with the help of a
specific enzyme immunoassay, which does not
cross-react with native or recombinant FSH [21].
Studies have demonstrated that the mean plasma
half-life of Corifollitropin alfa is ~65 h for all
doses tested between 60 and 240 pg, compared
with ~35 h for r-FSH [21]. A single-dose of
Corifollitropin alfa is slowly absorbed resulting
in peak levels within 2 days after injection.
Subsequently, serum Corifollitropin alfa levels
decrease steadily, though the FSH activity may
remain above the FSH threshold for an entire
week in order to initiate and sustain multifollicu-
lar growth. The dose of the long-acting FSH
compound should be as low as possible to avoid
ovarian hyperstimulation syndrome (OHSS) but
high enough to support controlled ovarian stimu-
lation and follicular development over the 7-day
period.

The efficacy of the long-acting FSH formula-
tion, Corifollitropin alfa, has been tested in mul-
ticentre trials. In phase I clinical trials, the
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recombinant FSH molecule was administered to
male hypogonadotrophic hypogonadal volun-
teers who received four subcutaneous injections
of 15 pg Corifollitropin alfa to examine its safety
and possible immunogenicity [22]. The plasma
2 of Corifollitropin alfa in humans was found to
be 94.7+26.2 h, approximately two- to threefold
longer than the #¥2 of r-FSH.

Subsequently, the pharmacokinetics and ovar-
ian response to a single dose of 30-120 pg
Corifollitropin alfa were investigated in pituitary-
suppressed female volunteers [20]. Twenty-four
participants were treated with a high-dose oral
contraceptives to suppress pituitary function.
Participants were given a single dose of 15, 30,
60, or 120 pg of Corifollitropin alfa. The median
time to reach maximal serum concentrations
(tmax) ranged from 36 h in the 15, 60 and 120 pg
groups to 48 h after administration of 30 pg. The
calculated elimination half-lives (¢,,) ranged
from 60 h in the 30 pg group to 75 hin the 120 pg
group. Other studies have also suggested that the
serum concentration of Corifollitropin alfa is
proportional to the dose within the 15-60 pg dose
range [23]. Corifollitropin alfa administration
also showed an inverse relationship with body-
weight, which was found to be a significant
covariate of clearance and volume of distribution
[24].

Several studies have examined the efficacy of
Corifollitropin alfa, in doses ranging 60-240 pg
in women undergoing IVF. All these studies used
GnRH antagonist to prevent premature LH
surges. These studies suggest that the pharmaco-
kinetic parameters of Corifollitropin alfa in IVF
patients are similar to those noted in previous
studies, with Cmax being reached on day 2 after
injection (f,,, 25-46 h) and plasma #, being
approximately 65 h [20, 22].

The long-acting FSH preparations have an
approximately two-fold longer elimination half-
life and an almost four-fold extended time to peak
serum levels as compared with the r-FSH
compounds currently used [25]. Due to this phar-
macokinetic profile of sustained FSH bioactivity, a
single dose of long-acting FSH can maintain the
circulating FSH level above the threshold neces-
sary to support multifollicular growth over a 7-day
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period [25]. A single injection of long-acting FSH
on the first day of the stimulation can replace the
first seven daily injections of r-FSH, thereby
improving patient compliance.

Safety and Efficacy of the Long-
acting FSH Formulation:
Corifollitropin alfa

Corifollitropin appears to have a favourable
safety profile similar to daily r-FSH injections.
Moreover, the Corifollitropin molecule does not
seem to be immunogenic. The safety and efficacy
of Corifollitropin alfa have been evaluated in sev-
eral randomized controlled trials (RCTs). In all
these RCTs, GnRH antagonist was used to pre-
vent premature LH surges. All the studies
included women who were younger than 40 years
of age and had regular menstrual cycles. Women
with polycystic ovary syndrome (PCOS) and
those with a history of over or poor response to
gonadotropin stimulation or recurrent implanta-
tion failure were excluded.

In the first feasibility study, the efficacy and
safety of a single dose of Corifollitropin alfa
were investigated in IVF patients undergoing
controlled ovarian stimulation with a flexible
GnRH antagonist protocol. Participants were
randomized to receive a single dose of 120 pg
(n=25), 180 pg (n=24) or 240 pg (n=25)
Corifollitropin alfa or to start daily fixed doses of
150 IU r-FSH (n=24). Subjects who received a
single dose of Corifollitropin alfa continued 1
week after injection with fixed daily doses of
150 IU r-FSH until the day of triggering final
oocyte maturation. The terminal half-life of
Corifollitropin alfa was found to be, on average,
65 h and dose-independent. Headache and nausea
were the commonest reported adverse effects. In
this study, the authors reported that 12 subjects
(17.6 %) in the Corifollitropin alfa groups and
two subjects (8.3 %) in the r-FSH group experi-
enced a premature LH rise (defined as LH
>10 IU/L) before the start of the GnRH antago-
nist though this did not reach statistical signifi-
cance. The authors suggested that this relatively
high incidence of women demonstrating an early

LH rise in the Corifollitropin alfa groups may be
related to the higher initial rises of serum estra-
diol and the use of a flexible GnRH antagonist
protocol. The mean number of oocytes recovered
per started cycle was higher in the Corifollitropin
alfa group compared with r-FSH-treated patients,
but no difference could be noted between the
number of good quality embryos and equal num-
bers of embryos were available for embryo
transfer.

The second RCT was a dose-finding study,
evaluating three different doses of Corifollitropin
alfa [24]. A total of 315 women were randomized
and received a single injection of 60 pug (n=78),
120 pg (n=77), or 180 pg Corifollitropin alfa
(n=79) or daily injections of 150 IU r-FSH
(n=81) from cycle days 2-3. If patients allocated
to the Corifollitropin alfa group needed further
stimulation to meet the hCG trigger criteria, they
received a fixed dose of 150 IU/day r-FSH from
stimulation day 8 onwards. Patients received a
GnRH antagonist (Ganirelix 0.25 mg/day) from
stimulation day 5 until the day of hCG. The
authors reported that the number of cumulus-
oocyte complexes retrieved showed a clear dose-
response relationship (P<0.0001), being 5.2
(5.5), 10.3 (6.3) and 12.5 (8.0) in the three dose
groups, respectively. The authors concluded that
the optimal dose for a 1-week interval is higher
than 60 pg and lower than 180 pg [24].

In a large, double-blind, randomized, non-
inferiority trial, involving 1506 patients
(ENGAGE 2009), the ongoing pregnancy rates
were assessed after a single subcutaneous injec-
tion of 150 pg Corifollitropin alfa during the first
week of stimulation and compared with daily
injections of 200 IU r-FSH using a standard
GnRH antagonist protocol. In both treatment
groups, the median duration of stimulation was 9
days, implying that patients treated with
Corifollitropin alfa needed, on average, 2 days of
r-FSH to complete their treatment cycle prior to
the hCG trigger. This study reported ongoing
pregnancy rates of 38.9 % for the Corifollitropin
alfa group and 38.1 % for r-FSH, with an esti-
mated non-significant difference of 0.9 % [95 %
confidence interval (CI): =3.9; 5.7] in favour of
Corifollitropin alfa. The incidence of (moderate/
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severe) ovarian hyperstimulation syndrome was
comparable (4.1 and 2.7 %, respectively;
P=0.15) [25]. It is noteworthy that the incidence
of premature LH rise was 7 % versus 2.1 %
(P<0.01) in the Corifollitropin alfa and r-FSH
arms of the ENGAGE trial. However, the preg-
nancy rates for women with premature LH rises
were not significantly different between
Corifollitropin alfa (45.3 %) and r-FSH (31.3 %)
groups [25].

In another double-blind randomized trial
(ENSURE 2010), 396 women weighing 60 kg or
less, who underwent controlled ovarian stimula-
tion prior to IVF or ICSI, were randomized in a
2:1 ratio to a single dose of 100 pg Corifollitropin
alfa or daily 150 IU r-FSH for the first 7 days of
stimulation in a GnRH antagonist protocol. The
mean * SD number of oocytes retrieved per
started cycle was 13.3 = 7.3 for Corifollitropin
alfa versus 10.6 = 5.9 for r-FSH. The incidence of
moderate and severe ovarian hyperstimulation
syndrome was 3.4 % for Corifollitropin alfa and
1.6 % for r-FSH [26].

In a recent meta-analysis of four randomized
controlled multicentre trials, involving 2335 par-
ticipants, Pouwer and colleagues [27] evaluated
the effectiveness of long-acting FSH versus daily
FSH on pregnancy and safety outcomes in
women undergoing IVF or ICSI treatment cycles.
They compared subgroups by the dose of long-
acting FSH administered, mainly low dose (60—
120 pg), medium dose (150-180 pg) and high
dose (240 pg) [27].

The age of the included participants in the
four included trials ranged from 18 to 39 years,
and the range of body mass index (BMI) was
17-32 kg/m?. All the studies excluded poor
responders, patients with a history of OHSS or
PCOS and patients with explained fertility. None
of the studies evaluated patient satisfaction. All
included studies compared long-acting FSH with
daily FSH in combination with a GnRH antago-
nist protocol. The studies varied in initial dose of
long-acting FSH administered: 454 women
received a low dose (60-120 pg), 869 women
received a medium dose (150-180 pg) and 25
women received a high dose (240 pg). All studies
used r-FSH for the control group: three studies
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used 150 IU r-FSH while the ENGAGE 2009
study used 200 IU r-FSH. ENSURE 2010 and
ENGAGE 2009 used a body weight-adjusted
dose of long-acting and daily FSH [27].

In this meta-analysis, there was evidence of a
reduced live birth rate in women who received
lower doses (60-120 pg) of long-acting FSH
compared to daily FSH (OR 0.60; 95 % CI 0.40-
0.91, 3 RCTs, 645 women, I’=0 %). There was
no evidence of effect on live births in the medium-
dose subgroup (OR 1.03; 95 % CI 0.84-1.27).
There was no evidence of effect on clinical preg-
nancy rate or ongoing pregnancy rates [27].

Likewise, there was no evidence of a differ-
ence in adverse events for rates of OHSS, multi-
ple pregnancy, miscarriage and ectopic pregnancy
between long-acting and daily FSH preparations.
Additionally, treatment with Corifollitropin alfa
did not induce hypersensitivity reactions. The
authors concluded that the use of a medium dose
of long-acting FSH is a safe treatment option and
equally effective compared to daily FSH [27].

The effect of repeated ovarian stimulation
with Corifollitropin alfa was assessed in the
TRUST trial [28]. Most frequent adverse events
reported included procedural pain, headache and
pelvic pain. The cumulative ongoing pregnancy
rate after three cycles, including frozen-thawed
embryo transfer cycles and spontaneous pregnan-
cies, was 61 % (95 % CI: 56-65 %) after censor-
ing for patients who discontinued treatment. No
clinically relevant immunogenicity or drug-
related hypersensitivity was observed [28].

Conclusion

In controlled ovarian stimulation, long-acting
gonadotropins have the ability to initiate and
sustain multifollicular growth for 7 days.
Current evidence suggests that the use of a
medium dose of long-acting FSH is a safe treat-
ment option and equally effective compared to
daily FSH. This simplified treatment approach
may provide a more patient-friendly approach
to controlled ovarian stimulation. Studies seem
to suggest that Corifollitropin alfa is an effec-
tive treatment option for potential normal
responder patients undergoing ovarian stimula-
tion with the GnRH antagonist protocol for
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IVE, resulting in an ongoing pregnancy rate
comparable to that achieved with daily
r-FSH. However, it is noteworthy that there are
still no patient satisfaction studies or studies
seeking input from healthcare providers, which
could help in evaluating whether the long-
acting FSH preparations truly decrease stress
and improve patient compliance and
satisfaction.

Further research is needed to determine
whether long-acting FSH is safe and effica-
cious in patients at risk of ovarian hyperstim-
ulation or in poor responders. There is
currently one ongoing trial relating to long-
acting FSH in combination with a GnRH
agonist protocol. Future trials, involving
Corifollitropin alfa, are required to compare
the clinical efficacy and safety outcomes
using GnRH antagonist co-treatment with
those achieved using long GnRH agonist pro-
tocols. Studies are also needed to assess
patient satisfaction and overall patient expe-
rience with the long-acting FSH prepara-
tions. Novel drug delivery systems could
lead to the development of less invasive
methods, more long-acting compounds and
various routes of administration that may
include transdermal, inhaled or orally active
gonadotropins. These developments would
ultimately lead to greater ease of administra-
tion, more simplified and convenient dosing
regimens and superior safety and efficacy,
ultimately leading to greater patient satisfac-
tion and improved patient experience.
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Abstract

The aim of assisted reproductive technology (ART) is to achieve the best
clinical results in a single treatment. Historically, controlled stimulation
has been routinely carried out under the concept that the more oocytes
utilized, the higher is the success rate. Recently, mild stimulation protocol
has gathered attention because of its simplicity and easiness. It consists of
100 mg of Clomiphene plus 1-2 shots of follicle-stimulating hormone
(FSH) or human menopausal gonadotropin (hMG), so no gonadotropin-
releasing hormone (GnRH) agonist nor GnRH antagonist with 6-8 shots
of FSH or hMG are necessary. If the clinical outcome following a mild
stimulation is not significantly different from that of the controlled stimu-
lation method, this mild stimulation method might be the first choice for
ART patients. Now, the optimal number of collected oocytes can be con-
trolled by choosing an appropriate stimulation method. Using the latest
available techniques, we can now develop 10-15 oocytes without signifi-
cant stress for patients with an individualized stimulation method.
Controlled stimulation showed higher success rates compared to those of
mild stimulation regardless of the number of ampules of hMG used or the
number of oocytes collected in mild stimulation. These differences became
more prominent in the group of older patients (over 34 years old and less
than 40 years old), which is the age group where ART is most relevant.
The main goal for Reproductive Medicine specialists should therefore be
to find the best stimulation protocol through individualization to match the
particular needs of the patient.
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Introduction

The history of ART is closely related to that of
ovarian stimulation.

In vitro fertiilization and embryo transfer
(IVF-ET) is now an established method for treat-
ing female infertility. The first successful preg-
nancy resulting from IVF-ET occurred following
an unstimulated normal menstrual cycle [1].
However, following the extensive use of ovarian
stimulation by exogenous follicle-stimulating
hormone (FSH) to obtain more oocytes [2—4],
treatment options using the natural cycle have
been almost completely abandoned. This has
resulted in fewer cancelled cycles and improved
pregnancy rates, especially when downregula-
tion with gonadotropin-releasing hormone
(GnRH) analogs prior to ovarian stimulation is
employed [5].

A long GnRH agonist pituitary suppression
regimen, combined with relatively high doses of
exogenous FSH, remains the most frequently
used stimulation protocol [4, 6]. This method,
referred to as the controlled stimulation (CS),
promotes better clinical outcomes but is also
associated with a high risk of ovarian hyperstim-
ulation syndrome (OHSS) [7-9] and multiple
births. On the other hand, the mild stimulation
method (MS) is based on the administration of
Clomiphene [2, 3, 10] and reduces the risks asso-
ciated with CS. These two methods are the lead-
ing protocols of ovarian stimulation at present,
although the mild stimulation method aims to be
a safer, more patient-friendly protocol in which
the risks of stimulation are minimized [7,
11-16].

The aim of this chapter is to compare the con-
ventional controlled ovarian hyperstimulation
(COH) method with the mild stimulation method,
from a Japanese perspective. In 2011, Japan
reported the largest number of ART cycles per-
formed (161,980) [17] and the largest number of
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Mild stimulation ¢ Controlled stimulation * Accumulation

ART institutions (650) [17] in the world.
Consequently, the present article has significant
global relevance.

We conducted a randomized prospective
study at 18 member institutions of JISART
(Japanese Institution for Standardizing Assisted
Reproductive Technology). A large number of
papers have been published in the last 10 years,
addressing natural and mild approaches to IVF
[18, 19]. Recent studies have addressed the
potential advantages of modified natural cycle
and mild IVF in the light of current attempts
to reduce patient distress, multiple births, and
the cost of IVF cycles [18, 19]. It is not so easy
to compare these two protocols across differ-
ent countries due to differences in governmen-
tal financial support, in terms of the technical
level of embryo cryopreservation [20, 21] and
in terms of supporting neonatal intensive care
unit systems and ethical issues [22]. This study,
therefore, was conducted based only on Japanese
data.

Is Mild Stimulation ART
Patient-Friendly?

The ISMAAR (International Society for Mild
Approaches in Assisted Reproduction) defines
mild IVF cycle as the method used when FSH or
hMG is administered at lower doses, and/or for a
shorter duration in a GnRH antagonist co-treated
cycle, or when oral compounds (anti-estrogens,
or aromatase inhibitors) are used [23], either
alone or in combination with gonadotropins to
reduce the number of collected oocytes to
between 2 and 7 [24]. In this definition, the kind
of stimulation medication used does not matter,
whether it is a GnRH agonist or GnRH antagonist
[25-27], and the hMG units remains irrelevant as
long as the number of collected oocytes is
between 2 and 7 [19, 24]. From the patient’s



7 Mild Stimulation Cycles versus Controlled Stimulation Cycles: A Japanese Perspective 97

point of view, the term “mild” is commonly asso-
ciated not with the number of collected oocytes,
but rather, with how hard the process of ovarian
stimulation will be upon them. Patient stress is
derived from the number of hMG injections, the
number of developed oocytes, and the method of
luteal support. In order to reduce the burden upon
patients, it is imperative that we take these factors
into consideration. Mild stimulation, performed
in Japan, is defined as a low-dose stimulation that
is based only on the administration of Clomiphene
with 1-2 injections of hMG or FSH. However, in
practice, more than 3 injections of hMG/FSH are
sometimes used, and a GnRH antagonist [28] is
occasionally, also used to control the LH surge.
In these cases, there is little observed difference
with regular stimulation. We therefore, believe
that a more detailed definition of the term “mild
stimulation” should be established.

The results of an unpublished questionnaire,
collected at Saint Mother Hospital, showed that
the main reason for patients dropping out from
infertility treatment was the financial burden it
causes. The second cause was psychological
stress caused by frequent unsuccessful trials,
which then resulted in serious financial burden
[29, 30]. Judging from these results, what is most
needed for ART patients is to reduce the financial
burden [31]. Patients want to become pregnant in
the least possible number of trials [22, 32-34].
Stimulation medicine, or anesthesia during
oocyte pick-up, is not a significant problem for
them.

Recently, the burden of ART caused by con-
trolled stimulation, has been reduced thanks to
self-injection, the development of techniques to
count the number of antral follicles, and mea-
surements of anti-Mullerian hormone (AMH) in
advance, which make the prediction of OHSS
easier. These advances make the selection of
optimal methods of ovarian stimulation, based on
these predictive findings, possible [35].
Nowadays, the physical and psychological bur-
den following controlled ovarian stimulation is
not likely to be as severe as it was before. Such
advances in CS techniques reduce and, in some
cases, eliminate the advantages that MS offers
[36].

Comparison of Mild and Controlled
Ovarian Stimulation Methods
in Japan

Eighteen ART institutions conducted a random-
ized prospective study to compare the clinical
results of mild and controlled stimulation in
Japan. Patients were divided by age into two
groups, younger than 35 years old (referred to as
the “younger group”) and between 35 and 39
years old (referred to as the “older group”). We
analyzed clinical outcomes of mild and con-
trolled stimulation methods from three points of
view, as detailed below:

1. A comparison of results between the two
groups according to fresh embryo transfer or
frozen-thawed embryo transfer (FET).

2. A comparison of clinical results in the mild
stimulation group according to the units of
hMG used (two or less 150 IU ampules versus
3 or more 150 IU ampules)

3. A comparison of pregnancy rates per cycles
versus per transfers.

The main findings of these comparisons are
presented in the following tables (Tables 7.1
and 7.2).

In Table 7.1, there were statistically signifi-
cant differences in the results obtained from each
method, and they indicate that CS was more
effective than MS in the older group following
both of the fresh embryo transfer and the FET.
There were no significant differences between
CS and MS in the younger group following both
the fresh embryo transfer and the FET.

In Table 7.1, the results show that statistically
significant differences were found between mild
stimulation when two or less ampules were used
(MS <2A) and CS in both age groups after fresh
embryo transfer. Statistically significant differ-
ences were found between CS and MS in the
older group when three ampules or more of h\MG
(3A hMG) were used after frozen-thawed embryo
transfer.

When looking at a pregnancy rate, we need to
assess whether it is calculated per cycle or per
transfer. Our data showed no significant
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Frozen-thawed embryo transfer
MS CS
55.8 % (24/43) | 53.2 % (50/94)

25.0 % (6/24)
20.4 % (11/54)*

14.3 % (7/49)
42.7 % (35/82)*

273 % 3/11) | 22.9 % (8/35)
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Table 7.1 Clinical results in mild stimulation or controlled stimulation
Method
Fresh embryo transfer
Age MS CS
<34 Pregnancy rates 22.7 % (17/75) 34.9 % (37/106)
(per cycle)
Miscarriage rates 23.5 % (4/17) 24.3 % (9/37)
>35 ~ <39 | Pregnancy rates 10.3 % (10/97)* | 34.2 % (52/152)*
(per cycle)
Miscarriage rates 10.0 % (1/10) 28.8 % (15/52)
*P<0.05

Table 7.2 Clinical results in mild stimulation group according to units of hMG (150 IUx <2A vs. 150 [IUx>3A) or

controlled stimulation

Method
Fresh embryo transfer
Age <2A >3A
<34 Pregnancy rates 10.0 % 31.1 %
(per cycle) (3/30)* (14/45)
Miscarriage rates | 33.3 % 214 %
(1/3) (3/14)
>35 ~ | Pregnancy rates | 6.3 % 14.3 %
<39 (per cycle) (3/48)* (7/49)
Miscarriage rates | 0.0 % (0/3) |14.3 %
/7)
*P<0.05

differences in per cycle pregnancy rate when
compared between mild stimulation and con-
trolled stimulation. However, for ART patients,
what is most relevant is not the number of trans-
fers but the number of cycles needed to acquire a
successful pregnancy. The pregnancy rate should
be presented not per transfer, but per cycle,
including the number of cancelled cycles [18,
37]. Data at the clinic, which reported the largest
number of cycles in Japan showed that a preg-
nancy rate of 32.3 % [37, 38], when calculated
per transfer, decreased to 16.6 % when calculated
per cycle.

Decision Tree Analysis as a Tool
to Identify an Optimal Ovarian
Stimulation Method

The skill that is most requested from
Reproductive Medicine experts is the ability to
choose the optimal ovarian stimulation proto-

Frozen-thawed embryo transfer

cs <2A >3A cS
34.9 % 45.5 % 59.4 % 532 %
(37/106)* (5/11) (19/32) (50/94)
24.3 % (9/37) |20.0 % 26.3 % 14.3 %
(1/5) (5/19) (7/49)
342 % 20.0 % 20.5 % 42.7 %
(52/152)* (2/10) (9/44)* (35/82)*
28.8 % 0.0 % (0/2) |33.3 % 22.9 %
(15/52) (3/9) (8/35)

col that will lead to the development of an
appropriate number of high quality oocytes
[10-15]. Each patient has a different back-
ground, which strongly influences the clinical
outcome. Factors, such as age, height, body
weight, AMH level, past chronic diseases, the
number of antral follicles, and the measure-
ment of serum estradiol (E2), LH, and FSH
levels on the third day of the menstrual period
all affect the outcome. Essentially, this means
that the ovarian stimulation regimen should be
individualized after taking these factors into
consideration. The novel application of deci-
sion tree analysis [39] to ART treatments can
help us identify the optimal stimulation
method. Decision tree analysis is commonly
used in statistics, data mining, and machine
learning and uses a decision tree as a predictive
model, which maps observations about an item
to conclusions about the item’s target value.
Such an analysis can be successfully applied to
ART treatment decisions (Fig. 7.1).
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S : Short protocol (hMG/FSH+GnRH-agonist) Explanatory variable
L : Long protocol (hnMG/FSH+GnRH-agonist) Age N
. . Rate of gestation
A : Antagonist ((MG/FSH+GnRH-antagonist)
M : mild stimulation (natural, CC,
CC+hMG or FSH, hMG or FSH) <38 >38
FSH Induction
mlU/mL method
<7.6 I >7.6 I
E2 Number of A L,S
mL antral 20/63 42/218
(pg/mL) follicles 32% 19 %
<20 T >20 C
{ 1 213 { ) <13
Induction Induction Induction Induction
method method method method
LM S,A S,A LM L S,AM L,AM S
1114 14/25 110/262 7/31 6/8 13/34 79/252 19/96
79 % 56 % 42 % 23% 75 % 38 % 31 % 20 %

Fig.7.1 Decision tree analysis for the selection of ART treatment

Discussion

We have investigated mild stimulation and con-
trolled stimulation protocols in Japan. Clinical
results for controlled stimulation showed a statis-
tically significant difference for fresh embryo
transfers, particularly in the 35-39 years age
group, which represents the group with the most
treatment cycles. This difference was more prom-
inent when a dose of two or more injections (150
units) of FSH or hMG was used. Data suggests
that the difference between the two methods is
even greater when cumulative pregnancy rates
are compared [40, 41].

Birth rate in Japan has sharply declined and
currently sits at a figure of 1.4. This low birth rate
has become a major social problem. It is consid-
ered that 2 % of all births are now achieved
through infertility treatment, and this rate is
expected to increase further. Therefore, the per-
formance of ART treatments not only represents
a personal issue but is also an important issue for
Japan in general.

The selection of the specific ovulation induc-
tion method that leads to the best results is the
most important task for clinicians. We used the

same protocol in 18 facilities and conducted a
comparative study between mild stimulation and
controlled stimulation protocols. No significant
difference was observed in the age group younger
than 34 years old. We then divided mild stimula-
tion protocol data into two groups (two or less,
and three or more FSH or hMG ampule injec-
tions). It was found that mild stimulation, when
defined as having two or less injections, was less
effective than controlled stimulation.

In order to compare CS and MS objectively,
we need to consider pregnancy rates not only per
transfer but also per cycle as well as their relative
cost performance. This is because patients wish
to achieve a pregnancy in the lowest possible
number of cycles [33, 42]. The cost performance
of MS has been overlooked in Japan due to the
fact that government subsidies are the same,
regardless of the method used. In countries with
more limited government support, the cost-
effectiveness of the method is much more
relevant.

An early pregnancy reduces the physical, psy-
chological, and financial burden upon the patients
[30]. The pregnancy rates for fresh embryo trans-
fer and FETs in Japan (Saito H, 2010) are 21.9 %
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and 32.7 %, respectively. FET exhibits a signifi-
cantly higher pregnancy rate than the other two
methods and is expected to become the standard
method for ART in the future. As advanced tech-
niques for freezing embryos have been developed,
single embryo transfers have been established and
the risk of multiple pregnancies has almost disap-
peared. In addition, the growing follicle number
can be predicted more accurately, and the antral
follicle number [43], E2 [44], LH, FSH [45], and
AMH [46, 47] can be measured before treatment,
making individualization of the ovulation induc-
tion method to be used (tailor-made treatments)
possible. Furthermore, it is not an exaggeration to
say that when using the whole embryo freezing
method, the possibility of OHSS has almost disap-
peared. Therefore, instead of limiting our choices
and uniformly applying mild stimulation protocols
in an attempt to reduce the growing follicle num-
ber, it seems clear that thorough analysis of patient
background, and choosing the best individualized
ovulation induction method, must be the main goal
of all Reproductive Medicine specialists.
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Yoshiharu Morimoto

Abstract
Polycystic ovary syndrome (PCOS) has been implicated as a main endo-
crine disorder that can cause oligo- or anovulation. PCOS has been studied
for a long period and was first described by Stein and Leventhal in 1935.
A consensus between the European Society for Human Reproduction
and Embryology (ESHRE) and the American Society for Reproductive
Medicine (ASRM) defined the diagnosis criteria for PCOS as oligo- and/
or anovulation, hyperandrogenism (clinical and/or biochemical), and the
appearance of polycystic ovaries on ultrasound. Most PCOS cases can be
diagnosed using these criteria; however, there are some variant pheno-
types, and the diagnosis is often difficult. Although PCOS has been well
studied, an optimal treatment to achieve pregnancy remains unclear. In
this chapter, the current status of PCOS and management methods of the
disorder are discussed. Furthermore, how to control ovarian hyperstimula-
tion syndrome (OHSS), the most troublesome side effect of PCOS during
ovarian stimulation, is discussed.

Keywords
Polycystic ovary * Ovarian stimulation ¢ Ovarian hyperstimulation syn-
drome ¢ In vitro maturation * Hyperandrogenism ¢ Cabergoline

Polycystic ovary syndrome (PCOS) has been
implicated as a main endocrine disorder that can
cause oligo- or anovulation. PCOS has been stud-
ied for a long period and was first described by
Stein and Leventhal in 1935 [1].

A consensus between the European Society for
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Table 8.1 The ESHRE/ASRM consensus criteria for
PCOS

2 out of 3

1. Oligo- or anovulation

2. Clinical and/or biochemical signs
of hyperandrogenism

3. Polycystic ovaries

And exclusion of other etiologies (congenital
adrenal hyperplasia, androgen-secreting tumors,
Cushing’s syndrome)

Revised diagnostic criteria, 2003

diagnosis criteria for PCOS as oligo- and/or
anovulation, hyperandrogenism (clinical and/or
biochemical), and the appearance of polycystic
ovaries on ultrasound. Most PCOS cases can be
diagnosed using these criteria; however, there are
some variant phenotypes, and the diagnosis is
often difficult. Although PCOS has been well
studied, an optimal treatment to achieve pregnancy
remains unclear. In this chapter, the current status
of PCOS and management methods of the disor-
der are discussed. Furthermore, how to control
ovarian hyperstimulation syndrome (OHSS), the
most troublesome side effect of PCOS during
ovarian stimulation, is discussed.

Physiology of PCOS

The hyperandrogenic status may affect follicu-
logenesis and oogenesis in PCOS patients. The
sources of androgen during the fetal period are
the fetal ovary itself and the hyperandrogenic
adrenal cortex [2]. Fetal androgen excess in
females may cause a heterogeneous PCOS phe-
notype later in life, because PCOS has been
ascribed to genetic origins. Gharani et al. [3]
reported a pentanucleotide repeat polymor-
phism in the CYP11a promoter region related to
hyperandrogenism in PCOS patients. Insulin
resistance frequently occurs in PCOS patients.
Androgen exposure in the uterus and later in
puberty has been implicated in impaired insulin
action and may cause insulin resistance. The
development of insulin resistance has been
linked to fat distribution and thus, can be
improved by weight loss.

Y. Morimoto

Anti-Mullerian Hormone (AMH)

Anti-Mullerian hormone is a member of the
transforming growth factor-p (TGF-) superfam-
ily and is recognized as an excellent parameter
for predicting the ovarian reserve. To determine
whether AMH could be used as a predictor of
ovarian response in PCOS patients. Lie et al. [4]
measured AMH and inhibin B concentrations
during ovulation induction treatment with recom-
binant follicle-stimulating hormone (r-FSH)
stimulation. However, they concluded that nei-
ther of these parameters were suitable to predict
the outcome of ovulation induction.

Serum AMH levels are usually elevated in
PCOS patients, and it is widely believed that
AMH elevation is in response to robust follicle
growth. However, AMH overproduction by gran-
ulosa cells may also be another cause [5].
Furthermore, AMH production was suppressed
by FSH addition to the culture media. Lie et al.
[5] indicated that enhanced promoter activity can
cause excessive AMH production in PCOS gran-
ulosa cells and that, FSH may inhibit excessive
AMH secretion by suppressing the luciferase
activity of the AMH promoter. Collectively, these
findings indicated that AMH elevation was not
caused by the increased number of antral follicles
but rather by the abnormal secretion of granulosa
cells in PCOS patients [5].

Antral Follicle Count (AFC)

Antral follicle count is used to measure small
(4-5 mm) follicles with transvaginal sonography
and has been recognized as a predictor of ovarian
reserve. Recent developments in ultrasonography
have enabled the use of ovarian volume as a pre-
dictor. However, this methodology is compli-
cated and thus, is not suitable for a routine testing
[6].

The effectiveness of AFC is dependent on the
measurement technique thus, results may vary
during different menstruation phases. Holte et al.
[7] indicated that an AFC up to 30 is an indicator
of pregnancy and live birth rates in PCOS
patients. Interestingly, this report indicated that
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AFC predicts not the quantity, but rather the qual-
ity of oocytes. It is different from AMH that
reflects the number of growing follicles.

Ovarian Stimulation for PCOS
(Table 8.2)

The main symptoms of infertility in PCOS
patients are anovulation and oligo-ovulation. For
ovulatory PCOS patients, the prediction of the
day of ovulation is difficult. Therefore, ovulation
induction is routinely performed in these patients.
Clomiphene citrate (CC) is commonly the first
choice of induction; however, it may pose a risk
of reduced endometrial receptivity and ovarian
hyperstimulation syndrome (OHSS). To avoid
this risk, Cyclofenil or aromatization inhibitors,
such as Letrozole, can be used as alternative
drugs. In medication-resistant cases, gonadotro-
pin administration is sometimes effective, but it
may increase the risk of OHSS, that is reportedly,
the greatest risk factor in PCOS.

Clomiphene Citrate (CC)

Clomiphene citrate is commonly used for ovar-
ian stimulation in PCOS patients and effectively
yields mature follicles. It works by the feedback
mechanisms in the hypothalamic and pituitary
ovarian axis by occupying estrogen receptors.
CC is a first-line stimulator, and the most effec-
tive dosage is 100-150 mg/day for 5 days from
the third or fifth day of the menstrual cycle.
Imani et al. [8] reported that over 75 % of ovula-

Table 8.2 Methods of ovarian stimulation and their feature

Method of ovarian stimulation
Clomiphene citrate
Letrozole

tions occur within these dosages, and CC
induces ovulation in almost 75-80 % of selected
women with PCOS-related infertility [9].
However, CC administration is not recommend
for more than 12 months, as the National
Institute for Clinical Excellence (NICE) guide-
lines [10] contraindicate the extended use of CC
because of the increased risk of ovarian cancer
and decreased possibility of conception.

CC versus Low-Dose FSH

Clomiphene citrate is frequently administered
to PCOS patients for ovulation induction
because it is inexpensive, easy to give, and
simple to administer for patients. However, the
pregnancy outcome was better in a group who
received FSH stimulation [11]. Thus, CC
seems to be disadvantageous in terms of
decreased cervical mucus production and has a
deleterious effect on endometrial receptivity.
Moreover, Homburg [12] reported that CC
administration increased the rate of miscar-
riage and concluded that these detrimental
effects occur via physiological features that
work by its antiestrogenic actions and by the
negative feedback mechanism on FSH secre-
tion. In this study, CC was administered at a
starting dosage of 50 mg/day and increased up
to 150 mg/day, and 50 IU of recombinant FSH
was added with 25 IU increments weekly. The
results showed better clinical and cumulative
pregnancy rates in the FSH administration
group. However, multiple pregnancy rates
increased slightly [12].

Feature
Easy to administer. Thin endometrium. Low implantation
It has an identical effect to Clomiphene citrate in ovarian

stimulation but does not make endometrium thin

Selective estrogen receptor modulator (SERM)
Low-dose FSH

Gonadotropins + GnRH agonist

Gonadotropins + GnRH antagonist

Good for failed CC cases. Not well studied

Decrease OHSS. Higher duration of stimulation. Costs a lot
Possible OHSS. Good clinical outcome

GnRH is available as a trigger instead of human chorionic

gonadotropin (hCG), which may exacerbate OHSS
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Letrozole

Letrozole is an oral non-steroidal aromatase
inhibitor and is used as an ovulation induction
agent for PCOS patients. It has been used as an
alternative to CC. Letrozole produces fewer
follicles and reduces the incidence of multiple
pregnancies and ovarian hyperstimulation com-
pared with CC. Several different dosages of
Letrozole have been used clinically. Rahmani
et al. [13] showed that the yield of follicles is
dose-dependent from 2.5 mg to 7.5 mg. In addi-
tion, they showed that large amounts of the
agent increased not only follicle production but
also the risk of OHSS. There are meta-analyses
comparing efficacy of the induction potential
between CC and Letrozole. He and Jiang [14]
performed a meta analysis to compare the effi-
cacy of the induction potential between CC and
Letrozole and showed that the efficacy of
Letrozole was not superior to that of CC but
rather, identical as a report of Cochrane data
base suggested.

Selective Estrogen Receptor
Modulators (SERMs)

In addition to CC, SERMs, such as Tamoxifen,
that can reduce the estrogen receptivity have
been recently used for ovulation induction.
The mechanism of Tamoxifen in improving
folliculogenesis may involve direct action on
the ovary without intervention of the
hypothalamic-pituitary-adrenal axis. Dhaliwal
et al. [15] showed that 38.8 % of PCOS patients
in a group that failed to achieve pregnancy by
CC  administration conceived following
Tamoxifen administration and achieved a preg-
nancy rate of 28.5 %. The pregnancy rate was
higher in a group administered 80 mg/day than
in a group administered 40 mg/day. It was elu-
cidated that Tamoxifen administration did not
increase the incidence of ovarian cancer [16].
Raloxifene (marketed as Evista by Eli Lilly
and Company, Indianapolis, IN, USA) is an
oral SERM that induces ovulation in a man-
ner similar to CC [17].

Y. Morimoto

Gonadotropins Combined
with Gonadotropin-releasing
Hormone (GnRH) Agonists
and Antagonists

Many years have passed since the application of
gonadotropins for ovulation induction in PCO
patients. However, there is no consensus on an
optimal protocol for ovulation induction that can
also avoid side effects (mainly OHSS) and enable
production of good quality oocytes/embryos.
Gonadotropins are used in combination with
GnRH agonists or antagonists. Commonly, an
ovulation stimulation method for PCOS patients,
using a GnRH antagonist is preferable to that
using a GnRH agonist. The reason is because if
OHSS is expected to occur, the human chorionic
gonadotropin (hCG) injection used for triggering
ovulation that may induce OHSS can be switched
to GnRH agonist administration. Instead of hCG
injection, we use 900 pg of a nasal spray of
GnRH agonist twice daily.

Abuzeid et al. [18] reported a method to start the
GnRH antagonist in the early stage of menstrual
cycle for PCO patients. With the use of GnRH
antagonists, implantation rates, pregnancy rates, and
delivery rates were improved. Thereafter, they tried
to start GnRH antagonist from day 1 and day 5, and
the early starting group showed better implantation
rates. This report suggested these improvements
occurred via the suppression of luteinizing hormone
(LH) level, which may have deleterious effects on
follicular growth and oocyte quality.

Addition of hCG

Human chorionic gonadotropin administration
for the final maturation of oocyte is essential;
however, hCG may be a strong risk factor for
OHSS. On the other hand, trials were conducted
to enhance ovarian stimulation with the addition
of low-dose hCG during stimulation protocols in
PCOS patients [19, 20]. Ashrafi et al. [19] indi-
cated that low-dose hCG combined with recom-
binant FSH reduced the use of FSH and yielded
more mature oocytes. Furthermore, no severe
cases of OHSS were reported in the study.
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In Vitro Maturation (IVM)

The IVM procedure has been performed in many
centers worldwide and mainly applied to PCO
patients. The first study of IVM of mammalian
oocytes was performed back in 1935 by Pincus
and Enzmann [21]. Thereafter, Edwards et al.
[22, 23] suggested its clinical application in
humans, by obtaining immature oocytes from
patients following ovarian stimulation. Veeck
et al. [24] achieved the first successful birth from
immature oocytes produced during an in vitro
fertilization (IVF) program. Thereafter, Cha et al.
[25] first reported the use of immature oocytes
from unstimulated ovaries of patients in an oocyte
donation program. In IVM, the size of aspirated
follicle is 5—7 mm, but it is not easy to puncture
follicles intravaginally. As the difficulty of the
ovum pick-up (OPU) technique is one reason
why this procedure cannot be mainstream in
assisted reproductive technology, we developed a
new needle for OPU in IVM and found that it was
effective in easily acquiring many small follicles,
even for beginners. The needle was composed of
two segments; an inner fine needle to puncture
the small follicles and an outer sheath to grasp
the ovary because is liable to embed deep into the
abdominal cavity during the puncture procedure.

The medium for culturing immature oocytes
commonly contains FSH and hCG, based in a
balanced salt solution. Nowadays, several media,
specially designed for IVM, are commercially
available. The issues to be discussed commonly
are FSH and hCG priming. hCG priming has
been performed in many centers since Chian
et al. [26] proposed its significance, but the effec-
tiveness of FSH priming in IVM is not yet recog-
nized. Our group has applied IVM for PCOS
patients since 1999. Up to 2010, we have per-
formed the procedure in 1143 cycles and found
that although pregnancy and implantation rates
were acceptable, IVM was yet not superior to
conventional IVF (Table 8.3).

In vitro maturation is the ultimate and only
method for preventing OHSS in PCO treatment.
Gremeau et al. [27] reported that IVM is a prefer-
able alternative to IVF with ovarian stimulation,
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Table 8.3 Clinical outcome of IVM procedure
Fresh | Frozen | Thawed
cycle |cycle |cycle Total
No. of period 670 473 1143
No. of oocyte 5770 | 3532 9302
Ave. no. of oocyte |8.6 7.5
% Maturation 50.7 |52.6 51.7
% Fertilization 81.2 |843 824
% Possible 31.3 30.6
transfer
% ET 60.9 66.1 62.8
No. of pregnancy | 111 65 176
% Pregnancy/ET | 27.2 24.3 26.1
% Implantation 13.2 11.3 12.5

1999-2010 IVF Namba Clinic and IVF Osaka Clinic

and effectively eliminates OHSS, but the live
birth rate was significantly lower than with the
conventional ovarian stimulation method.

OHSS Management

It is well known and experienced that OHSS is
often induced by ovarian stimulation for PCO
patients; therefore, prevention of OHSS is the
main consideration when performing this proce-
dure. Once OHSS occurs, appropriate measures
must be undertaken to save the patient’s life.

Ovarian hyperstimulation syndrome is charac-
terized by several symptoms, such as ovarian
swelling and accumulation of abdominal, pleural,
and pericardiac fluids. Hyperstimulation of the
ovaries induces histamine secretion that may
enhance vascular endothelial growth factor
(VEGF) production by the granulosa cells. VEGF
increases the permeability of blood vessels that
causes plasma leakage into third spaces. Those
symptoms induce secondary severe clinical
symptoms such as respiratory disorders and kid-
ney and cardiac failures. If appropriate measures,
as shown at Table 8.4, are not taken, patients may
face life-threatening conditions such as multiple
organ failure (Fig. 8.1).

The incidence of OHSS is reportedly 0.6—
1.9 % in severe cases [28]. Severe OHSS cases
require hospitalization, and patients suffer from
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critical conditions that are sometimes fatal.
They have to endure pain caused by the pressure
from enormously enlarged ovaries and ascites.
Occasionally, patients may be incapable of
assuming a supine position because of respira-
tory distress caused by the accumulation of
pleural fluid.

The first choice for OHSS prevention is cryo-
preservation of all embryos, avoiding embryo

Table 8.4 New strategies for prevention severe OHSS

1. Coasting: withholding gonadotropins and deferring
the administration of hCG until E, levels start
dropping

2. Continue to use GnRH agonist after OPU for a
week at GnRH agonist protocol

3. Cabergoline administration: Start at the day of hCG
administration at the dose of 0.5 mg for 7-8 days

Y. Morimoto

transfer. This inhibits the effect of hCG from the
placenta. Recently, pregnancy outcomes from
cryopreserved and thawed embryos have been
remarkably improved by the application of a vit-
rification procedure, and cryopreservation of all
embryos is advantageous for PCOS patients.

The use of GnRH agonist as a trigger instead
of hCG is an acceptable option to prevent
OHSS. However, it is important to evaluate the
impact of GnRH on oocytes and embryos.
Acevedo et al. [29] reported no difference in mat-
uration, fertilization, pregnancy, or implantation
rates between triggering by hCG and a GnRH
agonist.

Martinez et al. [30] reported a unique strategy
for using a GnRH antagonist in a long protocol
by a GnRH agonist. They withdrew the agonist
during stimulation and replaced it with an antag-

Hyperstimulation of ovary

|

Histamine secretion

!

VEGF secretion at granulosa cells

!

Increased permeability of blood vessels

|

Plasma leakage into third space

v [

v v

| Hemoconcentration | | Dehydration | | Ascites | | Thoracic fluid |
| Thrombosis | | Hypovolemic shock | | Renal failure | | ARDS |

L |

| )

v

| Multiple organ failure |

Fig.8.1 Pathogenesis of OHSS
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onist. Consequently, they could use, the agonist
for triggering ovulation and thus, prevented
OHSS in three cases.

The use of recombinant hCG instead of urinary
hCG is one of options to reduce OHSS. However,
a review of the Cochrane database [31] found no
significant difference in the incidence of OHSS
between the two drugs.

Coasting is also an effective method for pre-
venting OHSS during ovarian hyperstimulation.
It is a method to withdraw exogenous gonadotro-
pins and withhold hCG until the estrogen titer
decreases to a safe level. Ohata et al. [32]
described that coasting for 3—6 days remarkably
decreased the ovary size, ascites volume, and
recovery time. The effectiveness of this proce-
dure has encouraged further clinical application
of this method because it is simpler to perform
than other methods used for preventing OHSS.

Recently, the administration of Cabergoline (a
dopamine receptor-2 agonist) has been employed
to prevent OHSS. Cabergoline is commonly used
for hyperprolactinemia treatment and can be ini-
tiated either from the day of hCG administration
or the day of oocyte retrieval [33].

The growth factors and hormones such as
insulin- like growth factor (IGF), AMH, inhibin
B, and hepatocyte growth factor in follicular fluid
decreased when Cabergoline was administered
for patients at high risk for OHSS [34]. This is
physiological evidence of the effectiveness of
Cabergoline in OHSS patients. Esinler et al. [35]
compared the effectiveness of Cabergoline with
coasting and found no occurrence of OHSS in
patients receiving Cabergoline. Thus, they con-
cluded that Cabergoline was more beneficial than
coasting.

It is well known that hCG is an exacerbating
factor. To avoid hCG usage, GnRH agonist is
alternatively used as a trigger for ovulation.
Physiologically, OHSS dynamism starts when
the FSH-primed ovaries are exposed to hCG,
which increases vascular permeability.
Thereafter, the vascular VEGF and VEGF
receptor 2 (VEGFR-2) express dominantly.
The mechanism of effective OHSS prevention
can be explained by the fact that dopamine
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agonists, such as Cabergoline, prevent VEGF
overexpression [36].

Conclusions

It is difficult to effectively and safely stimu-
late the ovaries of PCOS patients while
avoiding side effects, especially such as the
development of OHSS. It is important to
carefully access the ovarian reserve of
patients and choose an appropriate stimula-
tion protocol. For the assessment of ovarian
function, the use of AMH, FSH, and AFC is
advantageous. CC is the first-line stimula-
tion drug for ovaries in PCOS patients.
However, newer medications such as
Letrozole and SERMs are potential advanta-
geous candidates. In patients at high risk of
OHSS development, IVM is an excellent
option that can be employed. It is necessary
to keep it in mind that OHSS is sometimes
fatal. It is essential to avoid the onset of this
disorder by any means.
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Abstract

Infertility specialists have been struggling to deal with poor responders,
reported to range from 9 to 24 %. However, the incidence is abruptly
increasing lately due to the increasing population of aged infertile women.
The long gonadotropin-releasing hormone (GnRH) protocol is the first
line of treatment if more than plural numbers of oocytes are expected,
which is followed by the short protocol, and the GnRH antagonist stimula-
tion is used as the last treatment option. Among the GnRH agonist proto-
cols, the microdose agonist flare with oral contraceptive (OC) pretreatment
appears more effective. Natural cycle or mild stimulation is used when the
stimulation protocols fail. [IVM is an alternative choice when none of the
above-mentioned protocols succeed. Growth hormone (GH) appears to
have a beneficial effect, but indications for using GH as well as growth
hormone-releasing hormone (GH-RH) are not well defined. In addition, it
is too early to determine if androgen pretreatment [dehydrepiandrosterone
sulfate (DHEA), testosterone] is beneficial in the treatment of poor
responders. It is most important for ART physicians to evaluate the patient
response before starting the stimulation and choose the best protocol for
the poor responder.

Keywords

DOR (diminished ovarian reserve) * AMH ¢ AFC * Poor responder * Aged
patient * IVM-IVF (in vitro maturation in vitro fertilization and embryo
transfer)

A. Fukuda, MD, PhD, HCfigLD (ABB) Background
Department of Reproductive Endocrinology and

Infertility, IVF Osaka Clinic,

1-1-14 Nagata-higashi, Higashiosaka, Osaka

577-0012, Japan
e-mail: fukuda@ivfosaka.com

© Springer India 2016

The incidence of poor responders to ovarian stim-
ulation has been reported to range from 9 to 24 %
[1-3]. The poor response to ovarian stimulation is
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attributed to patients with advanced age and iatro-
genic reasons, such as ovarian surgery, pelvic
adhesions, and obesity, indicated by body mass
index (BMI) [4-8]. The incidence of sporadic
poor response to stimulation and primary ovarian
insufficiency has been well known for a long time
[9, 10]. Recently, there has been increased interest
in improving the reproductive capacity of older
women because of the changing social structure
and the worldwide trend of delaying marriage and
childbirth. In the United States, the number of
births in women aged between 40 and 44 years
has nearly doubled between 1990 and 2002 [11].
The birth rate in women aged 45-49 years is 0.5
births per 1000 women, indicating that it has
increased by more than two-folds. However,
majority of these births can be attributed to the use
of donor oocytes [12]. In the United States, 19 %
of all women using assisted reproductive technol-
ogies (ART) are >40 years in age [12]. In Europe,
during 2005, the percentage of women aged
>40 years undergoing ART, such as conventional
in vitro fertilization (IVF) and intracytoplasmic
sperm injection (ICSI) cycles, was 15.4 % and
13.0 %, respectively. The number of women
delaying childbearing to the fifth decade of their
life has markedly increased, and, consequently,
50 % of them will experience some difficulty in
their attempt to have children [13]. The age-
related decline in fecundity in spontaneous con-
ception and ART success rates has long been
known [14-17]. The decline in fertility is mainly
due to a decrease in oocyte quality, which is linked
to a single chromatid abnormality [18]. There is
little evidence that uterine factors have a signifi-
cant impact on age-related infertility [19].
Although ART with donor oocytes has helped
woman in the fifth and sixth decades of their life
to achieve a high pregnancy and childbirth rates
[20], the procedure is associated with legal, ethi-
cal, religious, and cultural problems that have lim-
ited its universal accessibility in societies around
the world [21, 22]. Extensive efforts to improve
pregnancy rates in poor responders have been
made using several stimulation protocols, but
despite these efforts, pregnancy rates after IVF
remain disappointingly low [23, 24]. Currently,
the evidence available from both, retrospective
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and prospective studies is based on the variable
definitions of poor ovarian response. The
European Society for Human Reproduction and
Embryology (ESHRE) consensus group has
developed a new definition that may help in select-
ing a more uniform group of patients for future
clinical trials [25]. A systematic appraisal of the
available evidence, aiming to draw reliable con-
clusions is currently lacking. In this chapter, the
current situation of stimulation protocols, inter-
ventions, and strategy at our facility is outlined.

Bologna Criteria as Defined
by ESHRE

At least 2 of the following 3 features must be
present to fulfill the Bologna criteria: advanced
maternal age (>40) or any other risk factor for
poor ovarian response, previous poor response
(<3 oocytes with a conventional stimulation pro-
tocol), and abnormal ovarian reserve test
(AFC<5-7 follicles or AMH<0.5-1.1 ng/mL).
However, the definition of poor responder has not
been standardized till date. Several groups have
defined poor responders on the basis of variable
numbers of mature follicles noted on ultrasound,
ranging from <2 to <5. Others base their defini-
tion on elevated serum follicle-stimulating hor-
mone (FSH) levels in the early follicular phase,
with values ranging from 6.5 to 15 mIU/mL; the
use of various maximal estradiol (E2) levels com-
pared with the prior standard controlled ovarian
hyperstimulation (COH); a minimal cumulative
dose or the number of days of gonadotropin stim-
ulation required in a prior cycle; or on the basis of
differing numbers of mature oocytes obtained
(<4 or <6).

Which Types of Gonadotropins Are
Effective?

Ovarian stimulation using recombinant FSH
(r-FSH) is possibly associated with the retrieval
of significantly higher numbers of oocytes,
greater numbers of embryos, and higher preg-
nancy rates compared with ovarian stimulation
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using urinary FSH (u-FSH) [26]. However, the
potential benefit of ovarian stimulation using
r-FSH with respect to pregnancy rates in poor
responders is unclear [27]. Perhaps, the most
logical approach to the management of patients,
who fail to respond to a standard gonadotropin
stimulation protocol, is to consider increasing the
dose of gonadotropins. Although no single maxi-
mally effective gonadotropin dose has been
defined, there would be little benefit in raising the
initial daily dose of FSH to >450 IU/day.

Short or Long GnRH Agonist
Protocol

Preference, not protocol efficiency, dictates the
selection of a short- or long-agonist protocol for
the suppression of a premature luteinizing hor-
mone (LH) surge in women undergoing IVF
treatment. The flare-up effect of gonadotropin-
releasing hormone (GnRH) agonist on pituitary
gonadotropin release is used in the short protocol
to enhance initial follicular growth. In contrast,
the long protocol results in a more co-ordinated
follicular growth. The improvement in clinical
pregnancy rate does not appear to be dependent
on the type of GnRH agonist protocol applied
[28].

GnRH Antagonist or GnRH Agonist
Protocol

The use of GnRH antagonists to improve preg-
nancy rate in poor responders is based on the fact
that endogenous gonadotropin secretion is not
suppressed during follicular recruitment [29]. A
meta-analysis suggests that the type of GnRH
analog used to inhibit the LH surge does not
appear to be associated with ongoing pregnancy
[30]. In contrast, significantly better results were
demonstrated with the use of GnRH antagonists
with regard to the duration of stimulation, the
total dose of gonadotropins required, and the
number of cumulus-oocyte complexes retrieved,
but further comparative studies may be required
to substantiate these results.
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Microdose GnRH Agonist Flare
Regimen

Several studies have supported the use of a
microdose GnRH agonist flare protocol in poor
responders, which has demonstrated an improve-
ment in the ovarian responses and clinical
outcomes in these cases [31]. This approach
takes advantage of the initial release of endoge-
nous gonadotropins, induced by a low-dose
GnRH agonist administration during the early
follicular phase, and is aimed at enhancing the
response to the subsequent administration of
exogenous gonadotropins. Moreover, the blasto-
cysts generated from a microdose GnRH agonist
flare regimen showed a significantly lower inci-
dence of blastocysts with chromosome aneu-
ploidy [32].

Stimulation Protocols or Natural/
Mild Stimulation Cycles

Natural cycle IVF in poor responders has been
proposed as an alternative to standard stimulation
protocols. This approach appears to be less inva-
sive and less expensive for poor responders who
do not show an increase in oocyte production,
with standard ovarian stimulation. However,
there is a study suggesting that such a strategy is
not beneficial for clinical pregnancy rates [33]. In
contrast, Clomiphene citrate (CC) administration
in the early follicular phase with r-FSH may
improve the outcome of stimulation in poor
responders [34]. The use of Letrozole with FSH
does not appear to improve the pregnancy rates
[35]. Moreover, safety concerns regarding
Letrozole administration in assisted reproduction
have been noted [36].

Transdermal Testosterone Priming

The addition of androgens during the early
follicular phase may have a beneficial effect
on the increase in number of small antral fol-
licles and improve the ovarian sensitivity to
FSH. Pretreatment with transdermal testosterone
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(TT) may improve ovarian sensitivity to FSH
and follicular response to gonadotropin treat-
ment in previous IVF patients who were poor
responders. This approach leads to an increased
follicular response compared with a high-dose
gonadotropin and minidose GnRH agonist pro-
tocols [37]. Moreover, the numbers of oocytes
retrieved, mature oocytes, fertilized oocytes, and
good quality embryos were significantly higher
in the TT pretreatment group. Embryo implan-
tation rate and clinical pregnancy rate per cycle
initiated were also significantly higher in the TT
group [38].

Dehydroepiandrosterone (DHEA)
Supplementation

Supplementing poor responders with 75 mg of
micronized DHEA daily for up to 4 months
before the initiation of IVF resulted in signifi-
cantly higher pregnancy rates. The beneficial
effect of DHEA supplementation was suggested
[39]; however, the definitive effect of this supple-
mentation is still under discussion.

Growth Hormone (GH)
and GH-Releasing Hormone
(GH-RH)

The concept of potentiating the effect of exoge-
nous gonadotropins with GH or GH-RH can be
used as an alternative approach to improve preg-
nancy rates instead of changing the type or dose
of gonadotropin administration. GH plays an
important role in ovarian steroidogenesis and fol-
licular development. Treatment with GH appears
to modulate the action of FSH on granulosa cells
by upregulating the local synthesis of insulin-like
growth factor-I (IGF-I) [40, 41]. Live birth rates
are improved when GH is co-administered to
poor responders during ovarian stimulation for
IVF; however, the clinical significance of this dif-
ference may be small. Interestingly, the inclusion
of GH resulted in a significant decrease in the
total dose of gonadotropins required for ovarian

A. Fukuda

stimulation [42]. GH co-treatment and the opti-
mal dose required in the ovarian stimulation of
poor responders need to be evaluated further. An
enhanced ovarian response, however, with little
impact on conception rates was reported follow-
ing treatment of poor responders with adjunctive
GnRH [43].

Our Strategy for Poor Responders
Based on the Treatment Protocols
Used in Patients with Advanced Age

We established a new protocol for poor respond-
ers on the basis of the concept followed for treat-
ing patients >40 years old. Fecundity in female
patients declines with age because of a decrease
in the number of oocytes in the ovarian reserve
and also because of impaired oocyte quality.
These findings are similar to those observed in a
poor responder. The pregnancy rate following
ART is closely related to the number of oocytes/
embryos obtained and the quality of the embryos
prior to transfer. It is not easy to retrieve multiple
oocytes from poor responders. At the same time,
to achieve pregnancy, it is imperative to transfer
>2 embryos. Therefore, our new strategy for the
poor responder is to transfer >2 good frozen-
thawed embryos, which are accumulated and
chosen from several oocyte retrievals (Fig. 9.1).
In addition to various stimulation protocols or
natural/mild stimulation cycles, we also use
in vitro maturation IVM) to produce embryos
[44].

Conclusions

Numerous papers have discussed the strategy
for the treatment of poor responders during
IVE, but the lack of a uniform definition of the
poor responder makes an accurate comparison
among results difficult. Conventional stimula-
tion protocols should be applied if >2 follicles
are present in each ovary on day 3 of ultra-
sound assessment. Recombinant FSH is usu-
ally more effective than u-FSH; however, in
some instances, the addition of u-FSH to
r-FSH can encourage follicular development
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Method of
Ovarian Preparation

Accumulation of
frozen embryos

Cryopreservation
of zygote/embryo

Fertilization by
ICSl or IVF

Frozen thawed
Embryo transfer

D=0 - =p

- O - =
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e

stimulation IVF with CC and/or hMG, IVM-IVF: IVF
using in vitro matured oocytes

Fig. 9.1 New strategy to improve pregnancy rates for
poor responders to IVF in the IVF Japan Group. NC: pure
natural cycle IVF without any stimulation, Mild: mild

in poor responders. The long protocol is the
first line of treatment, which is followed by
the short protocol, and the GnRH antagonist
stimulation is used as the last treatment option.
Among GnRH agonist protocols, the micro-
dose agonist flare with OC pretreatment
appears more effective. However, whether
microdose flare protocols are more effective
than GnRH antagonist protocols has not been
determined till date. Natural cycle or mild
stimulation is used when the stimulation pro-
tocols fail. IVM is an alternative choice when
none of the above-mentioned protocols suc-
ceed. GH appears to have a beneficial effect,
but indications for using GH as well as GH-RH
are not well defined. In addition, it is too early
to determine if androgen pretreatment (DHEA,
testosterone) is beneficial in the treatment of
poor responder cases in ART.

The available number of good quality
embryos is the most important factor in
achieving a pregnancy using ART. It is very
difficult for poor responders to produce more
than a few embryos in a single retrieval.
Therefore, the accumulation of multiple cryo-
preserved embryos is key to achieve preg-
nancy in these patients. A Clomiphene
regimen can be considered as an alternative

choice for mild ovarian stimulation, as the
endometrial condition is not considered if all
embryos are frozen. Ovarian stimulation for
poor responders is challenging; however,
increasing the number of protocol choices
may increase the prospects of achieving a
pregnancy.
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Abstract

The ability of gonadotropin-releasing hormone (GnRH) agonists
(GnRH-a), particularly when used in a long protocol, to fine-tune and con-
veniently program ovarian stimulation cycles with significant advantages
in the prevention of premature luteinization and satisfactory clinical out-
comes, has made them a preferred inclusion in stimulation protocols for
assisted reproduction. GnRH-a may be administered as short-acting daily
low-dose injections or as a single long-acting high-dose injection (depot).
A remarkable improvement in clinical pregnancy rates has been reported
following downregulation with GnRH-a depot formulation and gonado-
tropin stimulation compared to gonadotropins alone, particularly in hyper-
androgenic patients. The higher duration of gonadotropin stimulation and
gonadotropin requirement with the long-acting depot, owing to the sug-
gested profound pituitary suppression, is controversial, and no significant
differences in clinical outcomes, the levels of endogenous hormones, or
time to pituitary desensitization have been reported in a majority of the
studies compared with the short-acting daily preparations. Despite compa-
rable pregnancy outcomes, the use of depot GnRH-a in controlled ovarian
hyperstimulation (COH) protocols for assisted reproductive technology
(ART) is controversial, with some favoring its use in terms of patient com-
pliance and ease of administration, and results, especially with the reduced
dose, while others favoring the short-acting daily GnRH-a in terms of
cost-effectiveness, and ovarian response in poor responders. However, the

G.N. Allahbadia, MD, DGO, DFP, FCPS,
DNB, FNAMS (P<)
Department of Assisted Reproduction,

Rotunda — The Center for Human Reproduction, R. Merchant, PhD

Rotunda-Blue Fertility Clinic and Keyhole Surgery Department of Assisted Reproduction, The Center
Center, 36 Turner Road, #304-05, 3rd Floor, B-Wing, for Human Reproduction, 36 Turner Road, #304-05,
Bandra (W), Mumbai, Maharashtra 40050, India 3rd Floor, B-Wing, Bandra (W), Mumbai,

e-mail: gautam @rotundaivf.com Maharashtra 40050, India

© Springer India 2016 121

G.N. Allahbadia, Y. Morimoto (eds.), Ovarian Stimulation Protocols,
DOI 10.1007/978-81-322-1121-1_10


mailto:gautam@rotundaivf.com

122

G.N. Allahbadia and R. Merchant

GnRH antagonist single-dose protocol has proved to be superior to the
depot GnRH-a for COH with advantages of a significantly reduced dura-
tion of gonadotropin stimulation and requirement, higher flexibility in
treatment, economy, convenience, and safety despite comparable preg-
nancy outcomes. Poor responders, in contrast, are reported to benefit from
a flare-up GnRH-a protocol with a depot formulation compared to the
GnRH antagonist, with higher total pregnancy and implantation rates,
possibly due to improved oocyte/embryo competence.

Keywords
Depot GnRH agonists ¢ Stimulation protocols * Long-acting depot * Short-
acting daily low-dose injections * GnRH antagonists * Controlled ovarian

hyperstimulation ¢ Poor responders * Assisted reproductive techniques

Introduction

The introduction of GnRH agonists (GnRH-a)
combined with gonadotropins is considered to be
one of the most significant events in the develop-
ment of in vitro fertilization and embryo transfer
(IVF-ET) programs [1], with advantages such as
prevention of premature ovulation or premature
senescence of the oocyte and increased oocyte
yield in poor responders [2], increased oocyte
quality [3], more supernumerary embryos for
cryopreservation [ 1], convenient programming of
oocyte recovery [1, 2], decreased cycle cancella-
tion rates [2], and improved clinical pregnancy
rates [1, 2, 4]. The problems, often associated
with premature luteinizing hormone (LH) surges
and premature luteinization, and thus, cycle can-
cellations, have efficiently been overcome by
“reversible medical hypophysectomy” with
GnRH-a, introduced in 1982 [5]. Hence, GnRH
agonists are widely used in controlled ovarian
hyperstimulation (COH) for assisted reproduc-
tive techniques (ART) [6].

The rationale behind the use of GnRH agonists
is to downregulate the pituitary, suppressing the
release of endogenous gonadotropins and hence,
ovarian activity, to facilitate COH with gonado-
tropins. Following GnRH-a administration, an
immediate flare response of pituitary gonadotro-
pin secretion is followed by downregulation and
pituitary desensitization akin to medical hypoph-
ysectomy. GnRH antagonists, on the other hand,

achieve immediate downregulation by blocking
the GnRH receptors. Both GnRH agonists and
antagonists are used to block the secretion of
endogenous gonadotropins in ovarian stimulation
programs for assisted reproduction [7].

According to its initiation and duration, GnRH
analog use has been divided into three protocols:
the long protocol, the short protocol and the and
ultra-short protocol. The long protocol is the most
widely used protocol, as it has proved to be the
best for suppression of high tonic endogenous LH
levels, especially in polycystic ovary syndrome
(PCOS) and normogonadotropic patients. The
short and ultra-short protocols, have mainly been
used in poor responders to ovarian stimulation
treatment, older or hypergonadotropic patients
with ovarian failure, because of the well-known
“flare-up phenomenon” [5]. Attempts to use the
GnRH-a to stimulate follicle maturation in a “short
protocol” have resulted in variable and sometimes,
poor results, leading to the development of the
long GnRH-a gonadotropin protocol for ovarian
stimulation [2]. The long protocol requires GnRHa
administration until suppression of ovarian activ-
ity occurs, within approximately 14 days [8]. The
superiority of the long protocols over the short and
ultra-short protocols has been demonstrated in
terms of increased clinical and patient compliance,
improved efficacy of pituitary downregulation [1],
and clinical pregnancy rates [8] with no evidence
of an increased risk of pregnancy wastages or tera-
togenicity in human pregnancies [1].
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GnRH-a can be used either as daily low-dose
injections or through a single injection containing
higher long-acting doses of the drug (depot) [8].
Traditionally, short-acting analogs have been
employed because of concerns over long-acting
depot preparations causing profound suppression,
a longer period of stimulation, and higher doses of
gonadotropins compared with short-acting ago-
nists and luteal phase defects, adversely affecting
pregnancy and miscarriage rates [1, 3, 4]. Although
nasal administration may be suitable for short-
term suppression (up to 28 days), it seems likely
that long-acting depot preparations will be useful
for more prolonged suppression [9]. However,
according to a recent meta-analysis, it is unclear
which of these two forms of administration is best,
and whether single depot administration may
require higher doses of gonadotropins [8].

Apart from their use in ART, GnRH analog
depots have also been widely used to treat a vari-
ety of diseases including prostate cancer, breast
cancer, endometriosis, uterine leiomyomas, and
central precocious puberty [10]. GnRH analogs
are now a well-established means of treating sex-
steroid-dependent, benign and malignant disor-
ders [7]. Monthly depot GnRH agonists are the
preferred choice of medical treatment for endo-
metriomas before IVF, with an average duration
of treatment of 3 months [11]. In this chapter, we
shall focus on the use of depot GnRH agonists for
COH in ART.

Clinical Discussion

Endocrine Changes following
GnRH-a Administration

Long-term pituitary suppression following high-
dose GnRH agonist administration [DTrp6GnRH
in microcapsules (Decapeptyl CR)], administered
on day 3 of the cycle results in peak Triptorelin
levels within 48 h and a gradual decline towards
pretreatment values in 8 weeks. Administration of
Triptorelin depot in the early follicular phase,
results in an initial rapid rise in LH and follicle-
stimulating hormone (FSH) levels to peak values
after 4 h, followed by desensitization of the pitu-
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itary within 24 h and a subsequent decline in FSH
levels to nearly normal levels. E2 levels are
observed to peak at 12 h, returning to the follicu-
lar range thereafter. From the fourth till the sev-
enth week after agonist administration, the LH
pulse patterns showed a markedly increased pulse
interval, decreased pulse amplitude, and a severely
decreased mean LH level during which LH
responses to GnRH were severely blunted or
absent with the restoration of the pre-injection LH
pulse pattern and the LH response to GnRH
observed during the eighth and ninth week.
Estradiol benzoate challenges showed an E2 rise
to preovulatory levels in response to the injec-
tions. However, no changes were observed in LH
and FSH concentrations. Pituitary responsiveness
is completely absent in the second week and con-
tinues to exist until the eighth week after injec-
tion, when the agonist has disappeared from the
circulation. These findings suggest profound
alterations in GnRH receptor availability and
post-receptor pathways that prevent the pituitary
from responding to physiological stimuli [12].

Impact of GnRH-a on the Luteal Phase

The effect of long-acting GnRH-a, in the luteal
phase during ART cycles varies from one patient
to another. Geber et al. [13] evaluated the effect of
long-acting GnRH-a, used for pituitary suppres-
sion, in the luteal phase of 367 patients undergo-
ing ovulation induction for IVF/ICSI. Patients
were stratified according to the period of action of
the agonist in the luteal phase: group 1: <6 days;
group 2: 7-12 days; and group 3: >12 days.
Reporting pregnancy rates of 45.2 %, 38.9 %, and
47.4 % in groups 1, 2, and 3, respectively, they
concluded no significant association between the
duration of depot GnRH-a action in the luteal
phase and pregnancy rates [13].

GnRH Agonist Depot versus
Gonadotropins Alone

Schmutzler et al. [ 14] evaluated the role of GnRH-a
in hyperandrogenic patients with elevated LH



124

levels and the consecutive development of poly-
cystic ovaries in women undergoing IVFE. A single
depot injection of 3.6 mg Goserelin on cycle day
22, followed by individualized human menopausal
gonadotropin (hMG) stimulation 14 days later
(n=33) was compared to stimulation with hMG
alone on cycle day 3 (n=29). They reported a sig-
nificantly higher pregnancy rate per transfer
(36.4 % vs. 20 %, respectively) and a strikingly
lower abortion rate in the GnRH-a/hMG group
compared to the hMG-only group, suggesting the
benefit of the combined GnRH-a/hMG stimula-
tion as a first-line therapy for hyperandrogenic
IVF patients [14].

Influence of the Type of GnRH
Agonist

Orvieto et al. [15] compared the use of two depot
GnRH-a, Leuprolide and Triptorelin (3.75 mg
depot formulations), administered on days 21-23
of the menstrual cycle in long-suppression
GnRH-a protocols in 52 women undergoing
COH-IVFE. Stimulation with gonadotropins was
initiated after pituitary desensitization was
achieved. No significant differences were
observed in the patient age, estrogen and proges-
terone levels on day of hCG administration,
gonadotropin  dosage, number of oocytes
retrieved, fertilization rate, percentage of high-
quality embryos, and number of embryos trans-
ferred. However, significantly higher clinical
implantation and pregnancy rates were found in
the Leuprolide group compared with the
Triptorelin group when used in the mid-luteal
phase [15].

Depot versus Daily GnRH Agonist
Administration

Two different formulations of GnRH-a are now
available: short formulations and depot formula-
tions. Some authors have suggested that depot
GnRH-a induce a too high pituitary suppression
and reduced GnRH-a doses are enough for pitu-
itary suppression during ovarian stimulation [6].

G.N. Allahbadia and R. Merchant

Partial pituitary desensitization, using GnRH
agonists, may be sufficient in women undergoing
controlled ovarian hyperstimulation for assisted
reproduction; however, the minimal effective
agonist dose remains to be determined [16].
Several studies [16-26] have attempted to com-
pare the stimulation and clinical outcomes fol-
lowing pituitary desensitization with daily and
depot administration of GnRH agonists and ovar-
ian stimulation with gonadotropins in patients
undergoing assisted reproduction with IVF/ICSI
over the past two decades, with the aim to deter-
mine the adequate GnRH agonist dose and mode
of administration for effective pituitary desensiti-
zation (Table 10.1).

With the view that traditional doses of depot
GnRH agonist may be excessive for ovarian stim-
ulation, Safdarian et al. [20] compared half-dose
(1.87 mg) depot Triptorelin i.m. with reduced-
dose daily Buserelin s.c. (0.5 mg reduced to
0.25 mg at the start of hMG stimulation) in a long
protocol intracytoplasmic sperm injection (ICSI)
embryo transfer initiated with oral contraceptives
pretreatment for 21 days. The depot was followed
by Baily s.c. injections of saline, while daily
buserelin was administered after bolus injection
of i.m. saline [20]. Some authors [18, 21, 23]
compared the efficacy of a single reduced half
dose of GnRH-a depot (1.88 mg) with a daily low
dose (0.5 mg/day; s.c.) of Leuprolide acetate for
pituitary desensitization followed by gonadotro-
pin stimulation in a long protocol but without the
OC pretreatment. Others [16] compared a single
3.75 mg depot injection (i.m.) of Triptorelin
[(D-Trp-6-luteinizing hormone-releasing hor-
mone (LHRH)] to 100 pg Triptorelin (D-Trp-6-
LHRH) form of triptorelin daily, which was then
reduced to 50 pg at the start of FSH stimulation
[26]. Yet other compared a single 3.75 mg i.m.
Leuprorelin depot injection versus Buserelin
(0.3 mg sc twice daily) [25] for ovarian stimula-
tion for IVF [25].

Clinical Outcomes

Despite the varied GnRH-a doses, stimulation
protocols, gonadotropins used, and times and
routes of administration of GnRH, no significant
differences have been reported in the estradiol
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concentrations, follicle number, the quantity of
oocytes retrieved and fertilized, the number of
embryos transferred [16, 18, 23, 24, 26], clinical
pregnancy rates per transfer [8, 1618, 21, 23—
26], implantation rates [16, 21, 24, 25], ongoing
pregnancy rates [8, 17, 20, 21], rates of early
pregnancy loss [16, 20, 21], miscarriage rates
[25, 26], or in the rate of severe OHSS [8]
between the depot and daily GnRH agonist
groups. No differences have been reported in fol-
licular recruitment and growth during gonadotro-
pin treatment, and the endometrial thickness on
the day of hCG between patients randomized to a
standard long protocol of s.c. Leuprolide acetate
or a monthly injection of Leuprolide acetate
depot for 4 months before gonadotropin stimula-
tion [24]. A recent meta-analysis of 12 random-
ized controlled trials (RCTs) that compared depot
and daily administration of GnRH-a in long pro-
tocols for IVF treatment cycles in couples with
any cause of infertility, using various methods of
ovarian stimulation concluded that the chance of
achieving a clinical pregnancy, live birth or ongo-
ing pregnancy, and severe ovarian hyperstimula-
tion syndrome (OHSS) using daily GnRH-a
injections was 30 %, 24 %, and 3 %, respectively,
compared to a corresponding chance between
25 % and 35 %, 18 % and 29 %, and 1 % and
6 %, respectively, using a GnRH-a depot [8].

In contrast, Gonen et al. [19] observed signifi-
cantly higher (P<0.05) clinical pregnancy rates
per ovum pick-up (OPU) (27.1 % vs. 12.3 %,
respectively) and significantly lower rates of preg-
nancy loss (26.3 % vs. 71.4 %; P<0.05) in
patients who received short-acting GnRH-a
(Buserelin)+hMG compared to those who
received long-acting GnRH-a D-Trp6 (Decapeptyl
Depot) +hMG showing the superiority of short-
acting GnRH-a over the long-acting agents in
achievement of pregnancy and its outcome,
though neither was significantly different from
the hMG-only protocol [19]. Significantly lower
numbers retrieved oocytes, oocytes fertilized,
cleaved embryos, embryos transferred, and estra-
diol levels have been reported in some studies fol-
lowing depot GnRH-a administration compared
to the daily GnRH-a patients despite higher
gonadotropin doses [24, 27, 28], suggesting that
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pituitary over suppression, induced by GnRH-a
due to greater bioavailability, hence elevated cir-
culating levels of the GnRH-a peptide, causes an
increase in the gonadotropin requirement for ART
and a reduction in the number of oocytes retrieved
and fertilized [27, 28].

Stimulation Characteristics

While few studies have reported a significantly
higher gonadotropin requirement [8, 16, 24, 28]
and a significantly longer stimulation period [8,
16, 20, 21], others have, however, observed no
significant difference in the gonadotropin require-
ment [21, 23, 26] or the duration of stimulation
[22, 24, 26] between the depot and the daily
GnRH agonist groups. On the other hand, though
Geber et al. [22] observed a higher requirement
for gonadotropin ampules in the depot group, this
difference was only evident in patients >40 years
that started GnRH-a in the follicular phase.
Moreover, while the number of follicles aspirated
and the number of oocytes retrieved was similar,
the incidence of ovarian cysts in patients with
>40 years was higher in patients administered
GnRH-a daily [22].

Hormone Levels

Some authors [18, 23, 26] reported no statistical
differences in baseline estradiol and FSH concen-
trations, and concentrations of estradiol, LH, and
FSH on the day of human chorionic gonadotro-
pin (hCG) administration between depot and
daily GnRH-a administration, while others [2]
observed significantly lower serum LH and FSH
levels after downregulation with 3.75 mg of the
GnRH agonist Triptorelin acetate depot com-
pared to a daily dose of 0.1 mg Triptorelin acetate,
necessitating significantly higher gonadotropin
doses during subsequent ovarian stimulation to
achieve comparable levels of serum estradiol and
preovulatory follicles [27]. Profound endogenous
LH suppression by depot GnRH agonists indi-
cates a need for minimal LH activity in folliculo-
genesis and oocyte development [27]. There was
no evidence of a premature LH surge in either
group [18]. Porcu and Dal Prato reported [26] a
high incidence of multiple pregnancy in both the
groups [26].
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Dada et al. [4] reported a significant difference
in the suppression of estradiol from initial
concentrations on day 15 of analog administra-
tion between patients on the short-acting
Buserelin, short-acting Nafarelin and the depot
formulation Leuprorelin (54 % vs. 72 % and
65 %, respectively; p<0.05), all commenced in
the early follicular phase. They also reported a
significant difference in the number of patients
satisfactorily suppressed (80 %, 90 % and 90 %,
respectivelyp <0.05), though there were no dif-
ferences between the analogs by day 21. Similarly
there was no difference in hormonal suppression
during the stimulation phase or in the implanta-
tion, pregnancy, or miscarriage rates among the
three agonists. They concluded that with
Nafarelin and Leuprorelin, stimulation with
gonadotropins may begin after 2 weeks of sup-
pression and that, long-acting GnRH-a is as
effective as short-acting analogs, with no detri-
mental effects on the luteal phase [4].

Time for Pituitary Desensitization

A series of GnRH tests during the late follicular
and mid-luteal phases [26] and estradiol lev-
els<30 pg/mL have been used as an indication of
pituitary desensitization and initiation of gonado-
tropin administration [28]. Lindner et al. [29] eval-
uated the efficacy of intranasal administration of
the short-acting daily GnRH-a (Buserelin acetate;
1.2 mg/day) during the follicular phase (days 1-3;
n=84),GnRH-a (Buserelin acetate; 1.2 mg/
day)+ 10 mg Medroxyprogesterone acetate (MDA)
for 10 days during the early luteal phase (n=41),
and intramuscular administration of the long-
acting depot GnRH-a (Triptorelin acetate)+ 10 mg
MDA for 10 days during the early luteal phase
(n=42). Pharmacological hypogonadotropism was
assessed by the evaluation of serum LH, FSH,
estradiol (E2), prolactin, and testosterone levels.
Pituitary function was assessed by (1) measure-
ment of fluctuations in endogenous LH levels, (2)
response to LHRH (GnRH-a) administration, and
(3) response to estradiol benzoate (E2 test).
Complete pituitary desensitization was only
assumed, if all three tests were negative. The
LHRH test and the E2 test were shown to be the
most reliable indicators of pituitary function. E2
administration led to further reduction of gonado-
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tropin secretion after pituitary desensitization.
They observed a significantly reduced desensitiza-
tion time in the BA+MDA group compared to the
BA only group (20.7+10.5 days vs. 41.1+11.7
days; p<0.01) and a further, non-significant short-
ening to 15.1+3.0 days in the TA group. Changes
in endocrine parameters demonstrated hypogonad-
otropic hypoestrogenism after initial pituitary stim-
ulation [29].

However, later studies reported no significant
differences in the time taken to achieve down-
regulation between the daily and depot GnRH-a
dose [22, 25, 26], suggesting that both routes of
GnRH-a have similar effects on pituitary sup-
pression and ovulation induction in ART [22].
Resumption of pituitary activity occurred 7 days
after the discontinuation of the daily form and in
about 2 months after discontinuation of the depot
form [25].

Interpretations

However, despite comparable clinical outcomes
among majority of the studies, interpretations with
regard to the choice of GnRH agonist for effective
pituitary desensitization differ. Some authors con-
cluded that a reduced GnRH dose is enough for
pituitary suppression during ovarian stimulation
and offers the possibility of a shorter GnRH-a
treatment protocol, requiring lower amounts of
gonadotropins that should be considered in view
of its economic advantage, though it provides no
significant improvement in IVF cycle outcome
when compared with the depot formulation [16].
Long-term downregulation does not improve
pregnancy rates in a general IVF program over the
daily dose GnRH agonist [24], but depot GnRH-a
may increase the overall costs of IVF treatment
owing to a higher gonadotropin requirement and a
longer duration of use [8]. Dal Prato et al. [6] sug-
gested that thouth a reduced daily dose of
Triptorelin provides no significant improvement in
IVF cycle outcome when compared with depot
formulation in normally responding women, it
seems to improve ovarian response and overall
results in poor responding patients [6].

However, others concluded that a single reduced
depot dose (1.88 mg) of Leuprolide is as effective
as the classical long multi-dose protocol for pitu-
itary desensitization in COH [21] that may offer a
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useful alternative for pituitary suppression in ovar-
ian stimulation for IVF [18]. The long-acting
GnRH-a is an excellent option, as only a single
subcutaneous dose is necessary, decreasing the risk
of the patient to forget its use and, most important,
it does not interfere with the patient’s quality of life
[22]. Considering improved patient compliance
and preference, depot forms are advantageous [25].

Dose of Depot GnRH-a

Appropriate dosage of the long-acting depot
GnRH agonist has not been determined in long
protocol for IVFE. Envisaging excessive pituitary
suppression by depot GnRH agonist for ovarian
stimulation, Dal Prato et al. [30] equally random-
ized 180 patients to a standard full-dose (3.75 mg)
and half-dose (1.87 mg) depot Triptorelin, in a
long protocol to compare the efficacy of the two
doses. They reported no premature LH surge,
higher LH levels (1.04+0.05 vs. 0.7+0.06 IU/L
on the day of hCG), lower number of FSH
ampules (42+2 vs. 59+3), and significantly
higher numbers of mature oocytes (10.1+0.54
vs. 7.4+0.55), fertilized oocytes (8.24+0.35 vs.
6.34+0.37) and of embryos (7.8+0.36 vs.
5.9+0.37) in the half-dose group compared to the
full-dose group. No significant differences were
found in pregnancy (38.8 % vs. 25.3 %), implan-
tation (22.6 % vs. 13.8 %), or abortion (6.1 vs.
5.0 %) rates. Cumulative pregnancy (fresh plus
frozen embryo transfers: 56.8 vs. 35.4 %) rate
was significantly higher in the half-dose group.
Hence, a half-dose of depot Triptorelin can be
successfully used in ovarian stimulation for IVF
and produces a higher number of good quality
embryos with a good chance of implantation
[30]. When these doses were compared in a
smaller study (n=120), Yim et al. [3] also
reported significantly lower LH levels at 2 and 3
weeks (2.2+1.0 and 1.1£0.6 IU/L vs. 3.5+5.5
and 2.7+1.9 TU/l, respectively) in the conven-
tional dose (3.75 mg) group compared to the
half-dose (1.87 mg) group, respectively, but no
significant differences between the doses of
gonadotropins used, the number of oocytes and
embryos available and the time to resumption of
menses, nor in the pregnancy rates. Suppression
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was measured by evaluating serum LH levels at 2
and 3 weeks after the administration of the GnRH
analogs, the dose of gonadotropin used, and the
time to resumption of menses. The authors con-
cluded that although the degree of suppression,
as measured biochemically, was more profound
with the conventional dose, this did not affect the
IVF outcome; hence, the use of a lower dose
would be equally effective and could contribute
to a reduction in the cost of treatment [3].

In a recent study, Li et al. [31] compared fur-
ther reduced doses: a one-third-dose (1.25 mg)
depot Triptorelin with half-dose (1.87 mg) in a
luteal long protocol in 100 patients undergoing
IVF/ICSI. While no LH surge was observed in
both the groups on day 3-5 of the menstrual cycle
after downregulation, fewer patients showed low-
level LH (<1.0 IU/L) and estradiol (<30 pg/mL)
in the one-third-dose group (p<0.05). They
reported fewer retrieved oocytes (p=0.086), sig-
nificantly fewer total embryos and available
embryos for cryopreservation (p<0.05), a signifi-
cantly higher good quality embryo rate (p <0.05),
non-significantly lower length and dose of ovar-
ian stimulation and no significant differences in
the clinical pregnancy (52 % vs. 40 %), implanta-
tion (48 % vs. 37.5 %), delivery (46 % vs. 32 %),
or live birth (42 % vs. 32 %), and the abortion
rates (8 % vs. 20 %) rates between the one-third
and half-dose groups, respectively. The authors
concluded that a one-third-dose depot Triptorelin
(1.25 mg) can be successfully used with reduced
pituitary suppression and lower cost in a long pro-
tocol for IVF [31].

Olivennes et al. [32] compared the ovarian
response following a low-dose GnRH agonist
protocol and a GnRH agonist long protocol
depot formula in patients with high day 3 FSH
(>6.5 TU/L). They reported a better ovarian
response with the low-dose GnRH agonist with
fewer ampules (37.1 vs. 46.6), a shorter duration
of stimulation (10.5 vs. 12.4 days), a higher
number of mature oocytes (5.9 vs. 4.5), a higher
number of good quality embryos (3.2 vs. 2.3),
higher E2 levels on day 8 (1065 vs. 460 pg/mL),
and lower cancellation rates (14 % vs. 26 %)
compared to the depot formula. However, ran-
domized studies are needed to confirm these data
[32].
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Choice of Gonadotropins

With regard to the choice of gonadotropin stimu-
lation (225 IU/day pure FSH or 225 IU/day hMG)
following downregulation with an luteinizing
hormone-releasing hormone (LHRH) agonist
(Goserelin) depot, Gerli and Villani [33] reported
no significant difference in the number of days
and ampules required for follicular maturation,
number of follicles developed, or in the preg-
nancy rates between the groups. However, estra-
diol values at the end of stimulation were
significantly lower for the FSH group, suggesting
that the contemporary administration of LH with
FSH does not exert any effect on follicular devel-
opment, but it seems to facilitate E2 synthesis,
probably by providing more substrate for the aro-
matization process [33].

Balasch et al. [34] compared ovarian
responses after ovarian stimulation with depot
GnRH-a protocol combined with recombinant
human FSH (rh-FSH) or hMG in normo-ovula-
tory patients undergoing ICSI. A fixed regimen
of 150 IU rh-FSH or hMG was administered in
the first 14 days of treatment. Although the
dynamics of ovarian follicle development and
serum estradiol concentrations on the day of
hCG injection during gonadotropin treatment
were similar in both the groups, the duration of
treatment and the per cycle gonadotropin dose
were lower in the hMG group. The number of
leading follicles (>17 mm in diameter) on the
day of hCG injection was higher and the num-
ber of oocytes, mature oocytes, and good qual-
ity zygotes and embryos obtained was
significantly increased in the rh-FSH group.
Hence, though supplemental LH may be
required in terms of treatment duration and
gonadotropin  consumption, both oocyte,
embryo yield and quality were significantly
higher with the use of rh-FSH in IVF patients
undergoing pituitary desensitization with a
depot GnRH agonist preparation [34]. However,
the choice of gonadotropins that may be used
largely depends on the GnRH protocol used and
the indication for infertility.

G.N. Allahbadia and R. Merchant

GnRH Agonist Depot versus GnRH
Antagonist

Several studies have attempted to compare the
outcomes of stimulation with the GnRH agonist
long protocol and the GnRH antagonist protocol,
followed by gonadotropin stimulation. Olivennes
et al. [35] reported a shorter duration of stimula-
tion, lower number of hMG ampules adminis-
tered, lower occurrence of OHSS, and excellent
patient tolerance with a single 3 mg dose of
Cetrorelix (administered in the late follicular
phase) but a lower number of oocytes and
embryos compared to a depot preparation of
Triptorelin (Decapeptyl) followed by ovarian
stimulation with hMG (Menogon) in patients
undergoing IVF-ET. No premature LH surge
(LH level >10 IU/L, progesterone level >1 ng/L)
was demonstrated after Cetrorelix administra-
tion. There was no difference in the percentage
of mature oocytes and fertilization rates between
the groups, and the pregnancy rates were not sta-
tistically different, suggesting that the Cetrorelix
single-dose protocol compares favorably with
the long protocol and could be a protocol of
choice in IVF-ET [35]. Del Gadillo et al. [36]
compared a flexible GnRH antagonist (GnRH-
ant) protocol (Cetrorelix, 0.25 mg/day, adminis-
tered when follicles reached a diameter of
>14 mm) with a GnRH-a Triptorelin long proto-
col, which was continued during the gonadotro-
pin hMG and/or r-FSH treatment until the
induction of ovulation. The authors observed no
difference in the mean length of stimulation and
the dose of FSH required per patient but a sig-
nificantly higher mean E2 level on the day of
hCG administration (2076 £1430 VS.
1145 +605 pg/mL), a higher number of oocytes
(6.34 vs. 5.38), higher fertilization rate (63.6 %
vs. 59.3 %), and a higher pregnancy rate (15 %
vs. 5 %) in the GnRH agonist compared to the
GnRH antagonist protocol. The authors con-
cluded that GnRH-ant and GnRH-a provide
comparable results in unselected patients; how-
ever, GnRH-ant allows a higher flexibility in the
treatment [36].
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Roulier et al. [37] reported a significantly
reduced (p <0.01) duration of FSH therapy (9.95
vs. 11.25 days), cumulative dose of rh-FSH
(1604 vs. 1980 IU) and number of oocytes
retrieved (8.5 vs. 11.2) following a GnRH-ant
flexible protocol [Cetrorelix (Cetrotide) 3 mg,
administered when the largest follicle reached
14 mm; n=307] compared to the administration
of a GnRH agonist [Decapeptyl Retard 3.75 mg;
n=364]. On the first day of menses, ovarian
stimulation was carried out with rh-FSH, 150—
225 IU/day, in both the protocols. Human
chorionic gonadotropin, 10,000 IU, was admin-
istered when at least two follicles reached a
mean diameter >18 mm. However, there was no
difference in the number of embryos transferred
or in the pregnancy rates per oocyte retrieval
(24.5 %) between the antagonist and agonist pro-
tocols. The authors concluded that although
fewer oocytes are recovered, the GnRH antago-
nist is simpler and more convenient for patients
and yields similar pregnancy rates compared to
the GnRH agonist protocol, with the added
advantage of preventing both a premature LH
surge and detrimental rises in LH during ovarian
stimulation prior to assisted reproduction treat-
ment [37]. A contemporary study also reported
statistically significantly lower (p<0.01) mean
number of ampules of FSH (25.9 vs. 34.5,
respectively) and the duration of stimulation (9.6
vs. 12.2 days, respectively) in IVF/ICSI patients
administered a flexible single-dose GnRH antag-
onist (Cetrorelix, 3 mg; n=224) in the late fol-
licular phase, when the mean follicle diameter
exceeded 12 mm compared to a single-dose
depot GnRH agonist (Goserelin) long protocol
(n=236) for ovarian stimulation for IVF/
ICSI. There was no significant difference in the
mean number of oocytes retrieved, fertilization,
blastulation and blastocyst transfer rates, or in
the clinical pregnancy (34.3 vs. 30.1 %) and
delivery rates (31.9 vs. 28.3 %) per cycle between
the Goserelin and Cetrorelix groups, respec-
tively. The authors concluded that the flexible
single-dose GnRH antagonist protocol is an
advantageous alternative to the long GnRH
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agonist protocol, with similar efficacy, shorter
duration, a significant reduction in the number of
FSH ampules used, and without the menopause-
like effects of the GnRH agonist [38].

A more recent study has also reported similar
clinical outcomes with the fixed GnRH-ant and
low-dose depot GnRH-a long protocols in infer-
tile women with normal ovarian reserve function
undergoing IVF or ICSI cycles, with advantages
of economy, convenience, and safety with the
GnRH-ant protocol [39]. However, a flare-up
GnRH-a protocol with a depot formulation is
reported to yield a higher total pregnancy and
implantation rate in poor responders than a GnRH
antagonist, possibly by improving oocyte/embryo
competence [40].

Eldar-Geva et al. [41] compared the outcomes
of frozen-thawed embryo transfer, using the long
GnRH protocol with Triptorelin depot 3.75 mg
(n=215) or 0.1 mg/day (n=83), or GnRH-ant
protocol with either hCG (n=69) or GnRH ago-
nist (n=25) for final oocyte maturation. They
reported no differences in the implantation rate,
clinical pregnancy rate, ongoing pregnancy rate,
and embryo survival rate and concluded that the
potential for frozen-thawed embryos to implant
and develop following transfer is independent of
the GnRH analog and the final oocyte maturation
protocol used in the collection cycle [41].

Side Effects

Clinical studies with a number of agonists
have demonstrated their efficacy in producing
a hypogonadal state safely with rapid recov-
ery following cessation of therapy [9]. Ovarian
hyperstimulation following the sole administra-
tion of GnRH-a is exceedingly rare [42], with a
few cases reported in the literature. Weissman
et al. [42] reported massive ovarian multifollicu-
lar enlargement concomitant with high serum
estradiol concentrations following mid-luteal
depot administration of Triptorelin using the
long protocol and early follicular administration
of Triptorelin as daily subcutaneous injections,
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which resolved spontaneously following expect-
ant management, and Leuprolide acetate starting
at the mid-luteal phase [42]. The authors sug-
gested that ovarian hyperstimulation can occur
following the sole administration of GnRH-a
irrespective of the preparation used and the
administration protocol. This rare entity prob-
ably represents an exaggerated form of ovarian
cyst formation following GnRH-a administra-
tion, the underlying pathophysiology of which
remains unresolved [42]. Park et al. [43]
reported ovarian multifollicular enlargement
with high estradiol level following administra-
tion of the GnRH depot preparation, Triptorelin
(3.75 mg) without gonadotropins in a patient
undergoing IVF for oocyte donation. However,
a subsequent cycle in the same patient with a
low dose of Triptorelin (0.05 mg) did not induce
ovarian hyperstimulation and resulted in clinical
pregnancy. Since only few such cases have been
published, it is unclear what course to follow in
subsequent cycles after ovarian hyperstimulation
in the first cycle using only GnRH-a [43].

Conclusion

The GnRH-a depot formulation is a good
option for pituitary downregulation in COH
cycles for ART with advantages of patient com-
pliance and ease of use and comparable clinical
outcomes with the short-acting daily GnRH-a
preparation. The feared profound pituitary sup-
pression with the conventional dose (3.75 mg)
depot GnRH-a preparation may be overcome
with the use of reduced doses (1.87 mg/1.25 mg),
which have proven to be equally effective.
However, the choice of use of the GnRH-a
depot formulation over the daily GnRH-a prep-
aration, or the GnRH antagonist, for COH may
be individualized according to cause of infertil-
ity and rests solely with the clinician.
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Abstract

Luteal phase is the period between ovulation and either the establishment
of a pregnancy or the onset of menses 2 weeks later [1]. Being the latter
phase of the ovarian cycle, the luteal phase coincides with the secretory
phase of the endometrium.

Keywords

Luteal phase ¢ Ovarian cycle ¢ Ovulation ¢ Pregnancy ¢ Luteal phase
defect ¢ Secretory phase * Endometrium

Introduction

Luteal phase is the period between ovulation and
either the establishment of a pregnancy or the
onset of menses 2 weeks later [1]. Being the latter
phase of the ovarian cycle, the luteal phase coin-
cides with the secretory phase of the
endometrium.

Luteal phase defect (LPD) is described as a
condition in which endogenous progesterone is
not sufficient to maintain a functional secretory
endometrium and to allow normal embryo
implantation and growth [2]. It may be caused by
inadequate progesterone secretion by the corpus

B. Wiweko, MD, OG(REI), PhD
Department of Obstetric and Gynecology,
Dr. Cipto Mangunkusumo General Hospital,
J1. Diponegoro 71, Jakarta 16430, Indonesia
e-mail: wiwekobudi@yahoo.co.id

© Springer India 2016

luteum or inadequate response between the endo-
metrium towards progesterone as a result of inad-
equate priming by estrogen. By consensus, LPD
has been defined as a lag of more than 2 days in
endometrial histological development compared
with the expected day of the cycle [3, 4]. In LPD,
there is an incompatibility between the endome-
trial cycle with the ovarian cycle, hence the term
out-of-phase.

Luteal phase defect has been shown to be
associated with ovarian stimulation alone, ovula-
tion induction with or without gonadotropin-
releasing hormone (GnRH) agonists, and assisted
reproductive techniques (ARTs) [2, 5, 6]. It is
also associated with other medical conditions
such as anorexia, starvation, and other eating dis-
orders [7], excessive exercise [8], stress [9], obe-
sity and polycystic ovary syndrome (PCOS) [10],
endometriosis [11], ovarian aging [12], thyroid
dysfunction, and hyperprolactinemia [13]. These
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conditions should be ruled out, or treated ade-
quately if present, before initiating other forms of
therapy for infertility.

In ARTS, luteal phase defect results in higher
failure rates. To manage the defect, luteal phase
support is needed. Luteal phase support refers to
the administration of medication to support the
process of implantation [14]. It is commonly
used in IVF cycles and has been well accepted.
Nevertheless, there have been numerous
researches and publications regarding the regi-
men, timing, dosage, and route of administration
for luteal phase support [15]. These topics will be
discussed in this chapter, along with the role of
low molecular weight heparin (LMWH) during
the luteal phase.

Rationale for Luteal Phase Support

There have been several hypotheses regarding the
etiology of LPD in stimulated IVF cycles, most
of which have been disproved (Table 11.1) [16].
These include removal of granulosa cells, pro-
longed pituitary recovery after administration of
GnRH agonists, and suppression of LH by the
administered human chorionic gonadotropin
(hCG) [17-19]. Cycles co-treated with GnRH
antagonists were also thought to enhance the
recovery of pituitary function, but studies have
shown that premature luteolysis also occurs in
these cycles [20-22].

The most plausible explanation of LPD in
stimulated IVF cycles is due to the multifollicular

Table 11.1 Proposed etiologies of LPD and reason(s) for
disproval

Etiology Reason(s) for disproval
Removal of granulosa

cells during oocyte

Aspiration of a
preovulatory oocyte in a

retrieval natural cycle did not
diminish the luteal phase
Prolonged pituitary Luteolysis is also initiated

recovery after treatment
with GnRH agonist

prematurely in cycles
co-treated with GnRH
antagonists

hCG did not downregulate
LH secretion in the luteal
phase of normal,
unstimulated cycles in
normo-ovulatory women

Administration of hCG
could suppress LH
production

B. Wiweko

development during ovarian stimulation, resulting
in supraphysiological level of steroids secreted by
the abundant amount of corpora lutea during the
early luteal phase. This condition causes a nega-
tive feedback at the hypothalamic-pituitary axis
that directly inhibits LH release [23]. Inhibitions
of LH will the cause the corpora lutea to degener-
ate and undergo premature luteolysis.
Considering the abnormal luteal phase in
stimulated IVF cycles, exogenous support is cru-
cial to achieve pregnancy [24]. There are two
forms of exogenous support: administration of
exogenous LH or hCG to save the corpus luteum
and administration of products synthesized by
the corpus luteum (progesterone and estrogen).

Choosing Regimens

The role of progesterone (P) in the luteal phase has
beenwidely recognized and accepted. Progesterone-
receptor blockers such as Mifepristone are known
for their abortive properties. In stimulated IVF
cycles, luteolysis of the corpus luteum results in
reduced production of progesterone; therefore,
exogenous supplementation of progesterone is
needed for luteal phase support.

Different progestogen preparations have dif-
ferent characteristics, mainly in terms of the
chemical structure, metabolism, pharmacokinet-
ics, and potency [25]. The potency of progesto-
gens to induce normal secretory transformation of
the endometrium in luteal phase support is known
as the transformational dose. The transforma-
tional dose of various progestogens are shown in
Table 11.2.

Phases of Endometrial
Transformation

A recent study by Wiweko et al. [27] revealed
that serum progesterone level on the hCG day in
pregnant women is significantly lower compared
to women who failed to achieve pregnancy
(p=0.024) (Table 11.3). However, serum proges-
terone and hCG levels are higher in women with
ongoing pregnancy compared to women only
achieving clinical pregnancy (p<0.001) [27].
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Table 11.2 Transformational dose of various progestogens [26]

Progestin
Progesterone
Dydrogesterone
Medrogestone
Medroxyprogesterone acetate
Chlormadinone acetate
Cyproterone acetate
Norethisterone
Norethisterone acetate
Lynestrenol
Ethynodiol
Levonorgestrel
Desogestrel

Gestodene
Norgestimate
Dienogest
Drospirenone
Promegestone
Nomegestrol acetate
Trimegestone

Reproduced with permission from Schindler et al. [26]

Table 11.3 Serum progesterone on hCG day and pregnancy rate

Variable

LH (mIU/mL)

P4 (ng/mL)

P4/E2 ratio

E2 (pg/mL)

Number of mature oocytes

Number of 8 cells embryos

Variable

Progesterone (ng/mL)

hCG (mIU/mL)

No Variable

1 Progesterone (n=73)
2 hCG (n=228)

Data from Wiweko et al. [27]
“p<0.05

Regimen for Luteal Phase Support
Combined Estrogen + Progesterone

Var et al. [28] compared three different luteal
phase support protocols among 280 samples:

137
Transformational dose Transformational dose
(mg per cycle) (mg per day)
4200 200-300
140 10-20
60 10
80 5-10
20-30 10
20 1.0
100-150 /
30-60 /
70.0 /
15.0 /
6.0 0.15
2.0 0.15
3.0 /
7.0 /
6.0 /
50 /
10 0.5
100 5.0
/ /
Non-pregnant (n=118) Pregnant (n=37)
Mean +SD Mean +SD )4
1.9 1.6 1.4 1 0.164
1.2 0.6 0.9 0.4 0.024*
0.7 0.5 0.5 0.3 0.01*
2318 1472 2268 1132 0.829
6.2 37 73 2.7 0.023*
1.5 1.8 2.8 1.5 <0.05*
Clinical pregnancy (n=73) Ongoing pregnancy (n=57) P
40 (7.6-955) 60 (15-955) 0.000
377 (16-1868) 413 (47-1868) 0.000
AUC Cut-off point p Sensitivity (%) Specificity (%)
0.982 58.8 ng/mL 0.000 82.2 81
0.860 74.05 mIU/mL 0.000 93.2 93.3

daily P+4 mg of estradiol (E2), daily P+ 1500 IU

of hCG, and daily P-only. Pregnancy rates were

similar in the first and second group but were sig-

nificantly lower in women who only received

daily P. However, Fatemi et al. [14] concluded
that the addition of estradiol to progesterone did
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Table 11.4 Comparison of pregnancy rates between E2+P group and P-only group

E2+P P-only
Study Regimen Pregnancy rate Regimen Pregnancy rate
Fatemi et al. [14] 4 mg oral E2 30/101 (29.7 %) 600 mg vaginal 26/100 (26 %)
valerate + 600 mg micronized
vaginal micronized progesterone

30/95 (31.6 %) - _

progesterone
Tonguc et al. [29] 2 mg E2+90 mg/day
vaginal P 38/95 (40 %)
4 mg E2+90 mg/day 31/95 (32 %)
vaginal P
6 mg E2+90 mg/day
vaginal P
Lin et al. [30] 6 mg E2+60 mg 1037202 (50.9 %)

intramuscular P
Jee et al. [31]

7 studies with GnRH agonist cycles

60 mg intramuscular P 116/200 (58 %)

Clinical pregnancy rate per patient: RR 1.32 (95 % CI 0.79-2.19)

Ongoing pregnancy rate per patient: RR 1.34 (95 % CI 0.37-4.82)
3 studies with GnRH antagonist cycles

Clinical pregnancy rate per patient: RR 0.94 (95 % CI 0.62—-1.42)

Ongoing pregnancy rate per patient: RR 1.09 (95 % CI 0.79-1.50)

Kolibianakis 4 studies with GnRH analogs
etal. [32] Clinical pregnancy rate: RR 0.94 (95 % CI1 0.78-1.13)
Live birth rate: RR 0.96 (95 % CI 0.77-1.21)
not significantly increase pregnancy rates

in patients stimulated with GnRH antagonist/
r-FSH. Similar findings were reported by Tonguc
et al. [29] and Lin et al. [30] with long GnRH
agonist protocols. Meta-analyses by Jee et al.
[31] and Kolibianakis et al. [32] concluded that
the clinical pregnancy rate and live birth rate did
not differ significantly between women who
received a combination of progesterone and
estrogen and women who only received proges-
terone (Table 11.4).

Progesterone-Only

In the most recent and large-scale systematic
review, van der Linden et al. [33] concluded that
progesterone is the best regimen as luteal phase
support, favoring synthetic progesterone over
micronized progesterone. The addition of estro-
gen or hCG to progesterone did not significantly
increase the pregnancy rates, while addition of
GnRH agonists significantly increased the odds
of live birth, clinical, and ongoing pregnancy
(Table 11.5). These findings are in contrast with
the past systematic review by Fatemi et al. [1],

which concluded that both hCG and progesterone
increased the pregnancy rate. In both the reviews,
hCG was associated with a significantly higher risk
of ovarian hyperstimulation syndrome (OHSS).

Route of Progesterone
Administration

The route of progesterone administration has
been a debatable issue. There have been many
theories and studies trying to prove which route
is the best: oral, vaginal, or intramuscular proges-
terone, each with their own merits and weak-
nesses (Table 11.6).

Van der Linden et al. [33] found that any route
of progesterone administration provides compa-
rable results. This means that progesterone, as
luteal phase support, may be administered orally,
vaginally, or intramuscularly. Compared to
micronized progesterone, synthetic progesterone
significantly increases the clinical pregnancy rate
(OR 0.79, 95 % CI 0.65-0.96) but not the live
birth rate (OR 1.11, 95 % CI1 0.64-1.91).

Patient preference and doctor’s experience
must be taken into account when choosing the
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Table 11.5 Comparison of regimens for luteal phase support

Ongoing

Live birth rate Clinical pregnancy pregnancy rate

Regimen (OR, 95 % CI) rate (OR, 95 % CI) (OR, 95 % CI)
hCG vs. placebo/no 2.25, 1.30, 0.90-1.88 1.75, 1.09-2.812
treatment 0.37-13.80

P vs. placebo/no 2.95,1.02-8.56* | 1.83, 1.29-2.61% 1.87,1.19-2.942
treatment

P vs. hCG 2.43,0.84-6.97 |1.14,0.90-1.45 1.09, 0.66—1.80
P vs. hCG+P 1.93, 0.46-8.05 |0.96, 0.74-1.25 1.04, 0.65-1.68
P vs. estrogen+P 1.13,0.43-2.94 |1.25,0.99-1.59 1.00, 0.77-1.31

P vs. GnRH
agonist+P
Adapted and modified from van der Linden et al. [33]

Statistically significant favoring the first regimen
bStatistically significant favoring the second regimen

2.44,1.62-3.67° | 1.36, 1.11-1.66" 1.31,1.03-1.67°

Table 11.6 Facts regarding route of progesterone administration

No Route
1 Oral

Fact

Very low level in blood
Bioavailability <10 %

Very high transformational dose
(600 mg/day)

Low level in blood but still
causing endometrium
transformation

Very high level in blood (2 h) but
low in endometrium

Note

2 Vaginal

3 Intra Muscular

Table 11.7 Trends of progesterone administration in various continents
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Miscarriage
rate (OR, OHSS (OR,
95 % CI) 95 % CI)
0.67, 0.28,
0.15-3.09 0.14-0.54°
0.84, 0.06,
0.33-2.11 0.00-3.55
0.75, 0.63,
0.39-1.44 0.38-1.03
1.14, 0.45,
0.27-4.74 0.26-0.79?
0.99, 0.14,
1.69-1.43 0.01-2.21
0.59, n/a
0.14-2.45

Inactivated by hepatic metabolism

Directly distributed from vagina to uterus
(first uterine pass effect)

Uncomfortable because of pain

Center Cycles Vaginal im Vaginal +im
Asia 8095 4285 (52.9 %) 810(10.0 %) 2250 (27.8 %)
Europe 19,620 14,770 (75.3 %) 1250 (6.4 %) 1200 (6.1 %)
North America 14,600 6020 (41.2 %) 441 (30.2 %) 3960 (27.1 %)
Africa 1420 700 (49.3 %) 0 120 (8.5 %)
South America 2620 2620 (100 %) 0 0

Australia 4800 4800 (100 %) 0 0

regimen and route. Levine and Watson [34]
reported that over 90 % of patients preferred
vaginal over intramuscular progesterone, as it is
less painful, easier to administer, and takes less
time. A survey among various reproductive cen-
ters in different continents also showed different
trends of route of progesterone administration
(Table 11.7).

Timing of Luteal Phase Support

In controlled ovarian hyperstimulation (COH),
GnRH agonist is used in order to suppress LH
secretion. However, LH still declines for at
least 10 days after cessation of GnRH agonists
and causes negative effects on progesterone or
hCG secretion [35]. As discussed before, pro-
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gesterone is used as luteal phase support in
order to maintain the LH level during declin-
ing levels of exogenous hCG in the luteal
phase and the rise in endogenous hCG after
IVF [36].

Another debatable issue regarding luteal phase
support is when to initiate treatment. Time to
start luteal phase support administration is
diverse, ranging from the day before oocyte
retrieval to 4 days after embryo transfer [35]. In a
worldwide survey regarding progesterone usage
in 81 countries during May to June 2012, proges-
terone supplementation was mostly initiated on
the day of egg collection (80.1 %), followed by
on the day of embryo transfer (15.4 %), on hCG
administration (3.2 %), and a few days after ET
(1.3 %) [37]. However, ongoing pregnancy rates
and live birth rates, as the outcome of IVF, are not
different clinically. The ongoing pregnancy rates
after progesterone supplementation, given on day
of oocyte retrieval (OR) compared to hCG admin-
istration on the day of ET were 20.8 % and
23.6 %, respectively [35].

In general practice, progesterone supplemen-
tation is frequently continued even after the
patient has conceived; 44 % continue treatment
until a gestational age of 8-10 weeks, 28 % con-
tinue until more than 12 weeks, 15 % continue
until the pregnancy is present, and 13 % continue
until fetal heart beats can be detected [37].
However, prolonged progesterone supplementa-
tion is not necessary and does not significantly
impact the miscarriage and delivery rate.
Progesterone supplementation can safely be
withdrawn at the time of positive hCG test, 2
weeks after embryo transfer [36].

Schmidt et al. [36] also showed that there is no
correlation between prolonged progesterone sup-
plementation and delivery rates. In patients who
received progesterone until 3 weeks of pregnancy
after positive hCG, 4.6 % (95 % CI: 1.9-9.4) mis-
carried; the results are comparable to the miscar-
riage rate in the group of patients who withdrew
progesterone (3.3 %, 95 % CI. 1.1-7.5).
Moreover, delivery of babies reached 78.7 % in
the group with continued progesterone adminis-
tration and 82.4 % in the group who withdrew
progesterone [36].

B. Wiweko

Role of Heparin to Prevent
Recurrent Implantation Failure
During the Luteal Phase

Implantation failure is defined as the failure to
reach a stage in which there is no intrauterine
gestational sac, confirmed by ultrasonography
examination. A patients’ failure to conceive after
2-6 IVF cycles in which more than 10 high-grade
embryos were transferred to the uterus is called
recurrent implantation failure [38].

Recurrent implantation failure is associated
with thrombophilia patients, and low molecular
weight heparin (LMWH) is used to prevent such
condition [39]. LMWH can also increase the suc-
cess rate for unknown etiology of recurrent spon-
taneous miscarriage patients [40]. Studies show
that LMWH has an important role in increasing
the endometrial receptivity towards embryo
implantation due to its ability to interact with a
wide variety of substances in the physiological
process of implantation and trophoblastic devel-
opment, a process that may be adversely influ-
enced by assisted conception [41].

Heparin Plays a Role in Trophoblast
Invasion During Implantation
Mechanism and Endometrial
Receptivity

There are three stages of embryo implantation in the
human body: apposition, adhesion, and invasion.
The first event is apposition, which is characterized
by the attachment of microvilli on the apical surface
of the syncytiotrophoblast with pinopodes on the
apical surface of uterine epithelium. Furthermore,
the blastocyst adheres to uterine epithelium and
progresses into syncytiotrophoblast penetration.
After the blastocyst is completely bonded in the
uterine stromal tissue, the site of implantation (usu-
ally in the upper posterior area of uterus) is covered
by uterine epithelium, and the trophoblast layer is
developed. Cytotrophoblasts then invade the entire
endometrium, and the uterine vasculature gets orga-
nized to arrange uteroplacental circulation [42].
These steps involve complex molecular signaling
mechanisms that are not discussed in detail here.
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Heparin has been known to influence the
implantation of embryo in humans. There are
some mechanisms in trophoblastic apposition,
adhesion, and invasion that are regulated by hep-
arin, such as [43]:

e LMWH reduces L-selectin on the entire
embryo surface.

* LMWH interferes directly with the binding of
APAs to the trophoblast and maintain normal
trophoblast invasion.

* Heparin binds and activates epidermal growth
factor (EGF) receptors. Heparin-binding epi-
dermal growth factors (HB-EGF)-like growth
factors induce trophoblast invasion and
inhibit the apoptosis process. Furthermore,
heparin also enables the improvement in
matrix metalloproteinase (MMP) activation,
which leads to the prevention of trophoblast
apoptosis.

* LMWH also increases insulin-like growth fac-
tor binding protein (IGF-BP) synthesis, which

modulates IGF-I and IGF-II effects in improv-
ing implantation.

* LMWH also improves selectins, which induce
leukocytes for implantation.

e LMWH works as an E-cadherin downregula-
tor. E-cadherin is already known to limit tro-
phoblast invasion.

e LMWH improves trophoblast invasion by
reducing transforming growth factor beta
(TGF-p).

¢ LMWH increases interleukin-1 (IL-1) which
increases integrin in the epithelial surface that
facilitate adhesion and possibly implantation.

The use of heparin to facilitate implantation
is still controversial and still needs to be stud-
ied furthermore (Fig. 11.1). Patients undergoing
IVF cycles under LMWH treatment have higher
pregnancy rates compared to the control group.
However, the results are not significantly different.
Some studies suggest the administration of hepa-
rin at a dose of 1 mg/kg/day after egg collection

Heparin can block
L- selectin on blastocyst

For LIF and other
op130 cyrokines
Heparin can UF l&gmling

EGF rulhg

Potential actions of heparin on implantation

Growth factors and cytokines

Heparin can
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and GM-CSF
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Ragulation of changes in
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Fig.11.2 Algorithm of LMWH usage for recurrent IVF failure

in women without laboratory findings of throm-
bophilia due to the beneficial effect of LMWH on
the clinical outcome of pregnancy [44, 45].

In patients with thrombophilia, there is no
doubt about using LMWH as it has been reported
to significantly increase the success of implanta-
tion and prevent recurrent miscarriage. However,
0.25-2.5 TU/mL daily for 2 weeks can be given
as a treatment during luteal phase support for
patients without thrombophilias. Within the doses
of 0.25-2.5 TU/mL, LMWH enhances trophoblast
proliferation and invasion significantly, while
high concentration of LMWH (25-250 TU/mL)
will suppress its benefits in preventing miscar-
riage (Fig. 11.2).
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