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Introduction

The first successful in vitro fertilization (IVF) attempt and
most treatment cycles for a while thereafter were con-
ducted in spontaneous menstrual cycles. Nevertheless,
realization that availability of a crop of mature oocytes
markedly increased chances of success in this therapy
prompted most centers to adopt some form of controlled
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ovarian hyperstimulation (COH). At the outset, clomiphene
citrate alone or in combination with human menopausal
gonadotropins (hMG) was used, but eventually exogenous
gonadotropins emerged as the sole stimulatory drug for
COH. Exogenous gonadotropins, and specifically hMG
products, have been used in the treatment of infertility
since the 1960s, when the first hMG product became
available. Subsequently, over the last 25 years, they have
become the mainstay of fertility treatment worldwide. The
gonadotropins are indicated in isolation as a treatment to
induce ovulation, normally in cases where Clomiphene has
failed or as a first-line treatment in specific cases of
amenorrhea. They are also indicated for Hypogonadotropic
hypogonadism in men and women. The most widespread
use of gonadotropins is for women undergoing superovu-
lation within a medically assisted reproductive program,
like IVF. Superovulation is the stimulation of the ovaries to
produce more than one follicle, which enables several
embryos to be created. We are still in the search for that
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“perfect” or “ideal” ovarian stimulation protocol com-
bining both GnRH analogs and gonadotropins that will give
us an “adequate” number of oocytes; these oocytes should
be of good quality resulting into embryos with a very good
morphokinetic score [1] with a high implantation potential
and with elimination of ovarian hyperstimulation syndrome
(OHSS). The resulting pregnancies should carry to term as
a result of the optimal uterine and endocrinological envi-
ronment that has resulted as a consequence of using that
“ideal” stimulation protocol. In the quest for that perfect
stimulation protocol, we must imbibe knowledge of the use
of GnRH analogs and gonadotropins in different endocrine
milieus such as “poor responders” and from natural and
artificially stimulated hypogonadotropic hypogonadic
states. Newer Gonadotropin preparations are being intro-
duced continuously over the past few years in the quest of
that “perfect” but elusive stimulation protocol. Research
and practice in the field has led to the era of “Individual-
ized” treatment protocols in the last decade [2, 3].

Discussion

The main objective of individualization of stimulation pro-
tocols in IVF is to offer every single woman the best protocol
tailored to her own unique characteristics, thus maximizing
the chances of pregnancy and eliminating the iatrogenic and
avoidable risks resulting from ovarian stimulation. Person-
alization of treatment in IVF should be based on the pre-
diction 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.

Human menopausal gonadotropins were initially used
for COH, but poor reproductive outcome was ascribed to
high levels of circulating LH associated with hMG therapy
[4]. Lunenfeld hypothesized “that a high concentration of
LH through the follicular phase allows the developing
Oocyte to mature prematurely, producing at ovulation an
Oocyte that is physiologically aged. Such Oocytes may
have a decreased capacity to fertilize; if they fertilize, they
are unlikely to implant; and if they implant, their survival
rate is decreased, resulting in early abortion” [4]. The LH
hypothesis changed worldwide thinking and the direction
of stimulation protocols in ART. “Pure” FSH preparations
with reduced LH content such as Purified FSH (PoFSH)
[5], Highly Purified FSH (PoFSH-HP) [6], Recombinant
FSH (recFSH) [7], and Biosimilar recFSH [8] were intro-
duced over the last three decades into clinical practice.
There was no consensus reached on the superiority of one
preparation over the other till date [9—11].

Soon after the introduction of COH in ART, it became
evident that in the course of ovulation induction, the
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midcycle LH surge could be unexpectedly triggered by rising
ovarian steroid levels; as a result, premature ovulation or
follicle luteinization could occur and cause cycle cancela-
tions in up to 30 % of cases [12]. Thus, in the mid-1980s,
GnRH agonist supplementation was tested in ovulation
induction and then successfully applied in most cycles [13].
The major advantage in the use of GnRH agonist is the
complete elimination of the preovulatory LH surge; in
addition to preventing cycle cancelations due to premature
ovulation, the use of GnRH agonist has permitted to dra-
matically reduce endocrine monitoring and its related costs
[14]. Next, GnRH antagonists were introduced in stimulation
and offered immediate yet completely reversible competi-
tive blockade of the GnRH receptors at the level of the
pituitary [15]. The use of GnRH analogs in conjunction with
gonadotropins for COH has afforded better control of the
cycle, and has provided versatility to individualize specific
COH protocols to specific groups of patients.

Marca and Sunkara published a systematic review of the
existing literature by searching Medline, EMBASE,
Cochrane library, and Web of Science for publications in
the English language related to AFC, AMH, and their
incorporation into controlled ovarian stimulation (COS)
protocols in IVF [16]. The literature review demonstrated
that antral follicle count (AFC) and anti-mullerian hormone
(AMH), the most sensitive markers of ovarian reserve
identified to date, are ideal in planning personalized COH
protocols. These sensitive markers permit prediction of the
whole spectrum of ovarian response with reliable accuracy,
and clinicians may use either of the two markers as they
can be considered interchangeable [16].

Rinaldi et al. published a prospective, open, randomized
study which included 349 infertile patients considered at
high risk of developing OHSS, undergoing IVF treatment
in two private, assisted reproduction centers [17]. The
patients were randomized into two groups: group A
(n = 148) had a mild/minimal stimulation protocol of
recombinant FSH (rFSH) combined with GnRH antagonist.
Group B (n = 201) (control group) had a standard long
protocol of rFSH combined with GnRH agonist. There
were no significant differences observed between the two
groups regarding the mean number of oocytes retrieved per
patient, mature metaphase II oocytes, fertilization rate, and
embryo cleavage rate. Significantly higher implantation
rate (21.5 vs. 14.5 %) (p < 0.05), pregnancy rate (37.7 vs.
23.4 %) (p < 0.05), and delivery rate (32.8 vs. 20.1 %)
(p < 0.05) were observed in favor of groups A compared to
group B. Lower proportion of patients (4.7 %), although
not statistically significant, has developed OHSS in group
A compared to group B (8.4 %). Their study shows that
mild stimulation regimen is highly effective for ovarian
stimulation of patients who have experienced OHSS
complication without increasing the risk of OHSS [17].
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Natural cycle [18], modified natural cycle [19], and IVF
Lite [20] are different protocols, which provide some
advantages compared to conventional stimulation: lower
medication cost, less injections, less invasive, low risk of
ovarian hyperstimulation, and multiple pregnancy [18-20].
Their main drawback is high cancelation rate due to pre-
mature ovulation and lack of egg recovery at the retrieval.
When an embryo transfer can be performed, the cumulative
pregnancy rate is similar to the results in conventional
stimulation [18-20]. These protocols do not presently
provide any advantage in terms of results for woman with
normal ovarian reserve; however, they must be considered
as a very good therapeutic alternative in poor responders.

Contemporary research advocates the elective use of the
GnRH antagonist-based regimen for hyper-responders [21],
and probably also for poor responders [22], as likely to be
beneficial. The incidence of poor ovarian responders
among infertile women has been estimated at 9-24 %, but
according to recent reviews, it seems to have slightly
increased [23]. Current literature proposes new risk factors
which could be the cause of a reduction in ovarian reserve,
which also includes genetic factors. The use of the
“Bologna criteria” and the introduction of long-acting
gonadotropin in clinical practice have given rise to new
promising stimulation protocols for this group of patients
[24]. Delayed-start antagonist protocol (estrogen priming
followed by early follicular-phase GnRH antagonist treat-
ment for 7 days before ovarian stimulation) improves
ovarian response in poor responders by promoting and
synchronizing follicle development without impairing the
oocyte developmental competence [24].

Controlled ovarian stimulation directly influences
assisted reproductive technology (ART) outcomes. Indeed,
several studies have shown that the total IU of gonado-
tropins used for ovarian stimulation inversely correlates
with pregnancy rate. Nowadays, two main gonadotropins
are used in ART protocols: human-derived and recombi-
nant follicle-stimulating hormone (FSH). The difference
between these two hormones is dramatic. Indeed, the
human-derived FSH is an acidic isoform of the hormone,
while the recombinant is a less-acidic one [25]. In partic-
ular, during a physiological menstrual cycle, the acidic
isoform is produced during the follicular phase (probably it
is more effective in recruiting follicles), while less-acidic
isoform is produced during the mid-follicular phase (pre-
ovulatory). In a recent study, Gerli et al. evaluated the
efficacy of a protocol that mimics the physiological shift
from an acidic to a less-acidic FSH isoform during oocyte
maturation [25]. Patients were randomized in two groups:
group 1, patients that received 225 IU of human-derived
FSH (hFSH Fostimon, IBSA, Lodi, Italy) for 6 days from
the second day of the cycle, followed by 225 IU of
recombinant FSH (rFSH Gonal-F; Serono, Rome, Italy)
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from the 7th day of stimulation until hCG administration;
and group 2, control group, patients that received 225 TU
recombinant FSH alone from the second day of the cycle
until hCG administration. The combined protocol
(hFSH + rFSH) resulted in significantly less IU of FSH
necessary for ovarian stimulation together with the stimu-
lation days. Furthermore, oocyte and embryo quality was
higher in the group of patients treated with the combined
protocol. Noteworthy, a significantly higher implantation
rate and pregnancy rate were observed in favor of group 1
compared to group 2 [25]. Rinaldi et al. were able to
supposedly establish a stimulation protocol mimicking the
physiological differences in FSH isoforms, hFSH com-
bined with rFSH to positively impact ART outcome [25].

Bemfola (follitropin alfa) (Finox AG, Switzerland), a
new Biosimilar recombinant FSH, has a comparable
pharmacological profile to that of Gonal-F (Merck Serono,
Germany), the current standard for ovarian stimulation. A
randomized, multicenter, Phase 3 study in women under-
going IVF or intracytoplasmic sperm injection (n = 372)
showed Bemfola yielding similar efficacy and safety pro-
files to Gonal-F [8]. No difference in severe OHSS was
observed between treatment groups (Bemfola: 0.8 %;
Gonal-f: 0.8 %). This study demonstrated similar clinical
efficacy and safety profiles between Bemfola and Gonal-F,
and suggests that Biosimilars can be an appropriate alter-
native in ovarian stimulation protocols [8].

Since the introduction of the gonadotropin-releasing
hormone analogs (GnRHa) protocol, it has become possi-
ble to trigger final oocyte maturation with a bolus of
GnRHa [26]. This leads to a significant reduction or
complete elimination of OHSS compared with human
chorionic gonadotrophin (hCG) trigger [26]. Early trials
showed a severe luteal-phase insufficiency after GnRHa
trigger, despite the application of standard luteal-phase
support protocols [27]. Subsequent research has led to
modifications of the luteal-phase support, resulting in
reproductive outcome comparable to that seen after hCG
trigger in normal and high responders (HH). GnRHa trigger
facilitates a tailored approach to subsequent luteal-phase
support, taking into account the ovarian response to stim-
ulation. In the future, GnRHa is likely to be used for trigger
in all women co-treated with GnRH antagonists [28].

In vitro fertilization cycles generate abnormalities in
luteal-phase sex steroid concentrations, and this represents
an important limiting factor to achieve a good pregnancy
rate. Although there are evidences about the usefulness of
luteal-phase support (LPS) after IVF cycles, no consensus
exists about the best dose and the way of progesterone (PG)
administration, the advantages of estradiol (E2) supple-
mentation, and which IVF protocol could benefit from one
more than other LPS schemes [29]. The aim of a 2014
study was to assess the best LPS (low-dose PG, high-dose
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PG, high-dose PG, and E2 supplementation) to achieve the
highest clinical/ongoing pregnancy rate [30, 31]. They set
up a randomized trial on 360 women undergoing IVF (180
treated by long-GnRH agonist, 90 by short-GnRH agonist,
and 90 by short-GnRH antagonist protocol) and stimulated
by recombinant FSH alone. Their data demonstrated that
high-dose PG is better than low-dose one to increase both
clinical and ongoing pregnancy rates [30, 31].

In the early follicular phase, a flare-up effect of gona-
dotropin releasing hormone (GnRH) agonists and incom-
plete luteolysis in GnRH antagonist regimens can result in
significant elevations of progesterone. In the late follicular
phase, progesterone elevations in GnRH analog cycles are
the result of the ovarian stimulation itself, driven by high
follicle stimulating hormone dosage, estradiol levels, and
the numbers of follicles and oocytes. It seems that pro-
gesterone elevations (> 1.5 ng/mL or 4.77 nmol/L) have a
detrimental effect on the outcome of pregnancy, acceler-
ating the endometrial maturation [32, 33]. The most
appropriate choice to avoid the negative effects of follic-
ular progesterone elevations is to cancel fresh embryo
transfer and to transfer frozen—thawed embryos in natural
cycles. To prevent follicular-phase elevations, it might be
preferable to use milder stimulation protocols, earlier
trigger of ovulation in high responders, and single-blasto-
cyst transfer on day 5 [32]. The optimal GnRH analog
protocols during the entire stimulation period appear to be
the long agonist as well as “long” and long GnRH
antagonist regimens [33].

Recent Advances

In Kuang et al.’s study group, hMG and Medroxypro-
gesterone acetate (MPA) were administered simultane-
ously beginning on cycle day 3 [34]. Ovulation was
induced with a GnRH agonist or co-triggered by a GnRH
agonist and hCG when dominant follicles matured. A
short protocol was used in the control group. Viable
embryos were cryopreserved for later transfer in both
protocols. In their study group, LH suppression persisted
during ovarian stimulation, and the incidence of prema-
ture LH surge was 0.7 % (1/150). No statistically signif-
icant differences were found in the clinical pregnancy
rates (47.8 vs. 43.3 %), implantation rates (31.9 vs.
27.7 %), and live-birth rates (42.6 vs. 35.5 %) in both the
study group and controls. These results show that MPA is
an effective oral alternative for the prevention of prema-
ture LH surge in woman undergoing COH [34]. This
finding will help establish a new “individualized” regi-
men for ovarian stimulation in combination with embryo
cryopreservation.
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Conclusion

These individualized stimulation protocols offer several
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
deployment of various therapeutic options based on indi-
vidualized use of GnRH analogs and the fine tuning of the
gonadotropin dose on the basis of potential ovarian
response in IVF patients of different ages will make IVF
more effective and safer in years to come. New parenteral,
transdermal, inhaled agents and oral fertility drugs, and
protocols are currently being researched to further simplify
treatment for ART. However, the moot question of whether
there is an ideal stimulation protocol in the year 2015
remains a “work in progress.”
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