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Abstract

In the last decades, several steps have been made aiming at rendering human IVF more successful on one side,
more tolerable on the other side. The “mild” ovarian stimulation approach, in which a lower-than-average dose of
exogenous gonadotropins is given and gonadotropin treatment is started from day 2 to 7 of the cycle, represents
a significant step toward a more patient’s friendly IVF. However, a clear view of its virtues and defects is still
lacking, because only a few prospective randomized trials comparing “mild” vs. conventional stimulation exist, and
they do not consider some important aspects, such as, e.g., thawing cycles. This review gives a complete
panorama of the “mild” stimulation philosophy, showing its advantages vs. conventional ovarian stimulation, but
also discussing its disadvantages. Both patients with a normal ovarian responsiveness to exogenous gonadotropins
and women with a poor ovarian reserve are considered. Overall, we conclude that the level of evidence
supporting the use of “mild” stimulation protocols is still rather poor, and further, properly powered prospective
studies about “mild” treatment regimens are required.

Background
Since the early ages of human in-vitro fertilization (IVF)
it turned out clearly that the effectiveness of the proce-
dure when performed on a natural, single-egg cycle was
very limited. An important step toward getting better
results was represented by the availability of medications
able to induce multiple ovulation. For several years, and
until now, ovarian stimulation with exogenous hor-
mones has been widely applied with the aim of increas-
ing the number of oocytes available for fertilization [1].
For years pharmaceutical companies have been compet-
ing on the market using as a tool the potency of their
respective drugs to get more oocytes. Cancelling cycles
in which ovarian stimulation obtains a low number of
developing follicles has become a popular choice, espe-
cially in Countries in which the fierce competition
among IVF clinics is based on the pregnancy rate, and
thus it is inconvenient to go on with cycles in which a
poor oocyte yield is predictable. Furthermore, in Coun-
tries where either the public health system or the private

insurance system offer for free (or at very low costs)
only a limited number of attempts, the yield of at least a
dozen of oocytes is considered of great value by IVF
doctors and, as a consequence, by patients. Again, IVF
clinics running an oocyte donation program are particu-
larly satisfied when a patient produces enough eggs to
be treated herself and to give surplus oocytes to dona-
tion. More oocytes-more embryos-more pregnancies =
better IVF program: the most widely accepted principle
all over the IVF world.
However, it is out of discussion that the need of get-

ting a rather high number of oocytes arises from the
overall inefficiency of IVF laboratory procedure: several
oocytes are needed to finally get just a few embryos and
much less born babies. It is easy to calculate that the
live birth rate/inseminated oocyte is extremely low in
human IVF, on the average around 2-4%. Thus, the
complex and demanding ovarian stimulation protocols
are usually applied in order to compensate for the poor
laboratory effectiveness.
The IVF lab has indeed improved significantly in the

past three decades: new media and new equipment for
embryo culture have been made available on the market,
new scientific knowledge has been obtained. As a result,
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the overall efficiency of IVF procedure has markedly
improved from the 80’s until now: is it still necessary to
work on a high number of oocytes to get a baby?

Recruitment, selection and dominance of follicles
in ovarian physiology
The complete follicular development in humans takes
about 220 days and includes three distinct phases accord-
ing to the developmental stage and to the dependence
from pituitary gonadotropins: (a) initial recruitment of
resting primordial follicles, (b) development of preantral
and early antral follicles, (c) cyclic recruitment of a lim-
ited cohort of antral follicles followed by the selection of
a single dominant follicle [2]. Phases (a) and (b) are regu-
lated by a complex interplay of intra-ovarian factors and
are independent on gonadotropins. Phase (c) begins dur-
ing the luteal-follicular transition of the menstrual cycle,
when follicle-stimulating hormone (FSH) circulating
levels rise and increase over a threshold at which a cohort
of small antral follicles is recruited to grow [3].
The beginning of follicular growth is characterized by

morphological changes, including the proliferation of
granulosa cells, their change in shape, the enlargement
of the oocyte and the formation of the zona pellucida.
The early theca is acquired at the end of the primary
follicle stage, whereas the external theca forms as the
follicle grows and compresses the surrounding stroma
[3]. During the early preantral follicle development,
FSH, estrogen and androgen receptors appear on the
granulosa cell surface; however, at this stage, the follicle
is still unaffected by the lack of gonadotropins [2]. After
the initial rise, FSH blood levels plateau during the early
follicular phase and finally decrease during the mid-to-
late follicular phase as a consequence of the negative
feedback exerted by inhibin B and estrogens on the
hypothalamic-pituitary axis [2].
The presence of FSH is an absolute requirement for

the development of larger antral follicles [2]. Around
the mid-follicular phase, the most mature follicle (the
one with the highest number of FSH receptors on gran-
ulosa cells) gains dominance over the others; despite
progressively decreasing FSH blood levels, the dominant
follicle continues to grow and acquires responsiveness
to LH. The remaining follicles from the recruited cohort
undergo atresia and programmed cell death [1]. The
time during which FSH blood concentration is above a
given threshold appears to be essential for a single
dominant follicle selection (FSH window) [1].
The theorical concept at the basis of the “mild” stimu-

lation strategy is that a moderate but continued eleva-
tion of FSH during the mid-to-late follicular phase is
able to extend the FSH window and to overcome the
single dominant follicle selection, leading to the growth
of several follicles [2]. In the “mild” ovarian stimulation,

a low-dose gonadotropin administration is delayed until
the mid-follicular phase (day 2-to-5 of the cycle). The
aim is to allow initial follicle recruitment by endogenous
FSH, then prevent the decrease of FSH levels overcom-
ing dominance and inducing multi-follicular develop-
ment [1]. In women with a normal ovarian follicular
reserve, multiple follicle development can be induced
when the initiation of FSH is postponed until cycle
day 7, although there is a tendency toward a higher per-
centage of monofollicular responses compared with
patients starting on cycle day 2-to-5. A fixed daily dose
of 150 IU FSH is usually enough to induce multiple fol-
licular growth when ovarian stimulation is initiated on
cycle day 5 [4].

Conventional “long"protocols and the “mild”
stimulation approach
In the conventional “long” protocol, gonadotropins
(FSH, hMG or FSH+LH) are given to induce multiple
follicular development and a GnRH analogue is contem-
poraneously given to prevent the premature LH surge,
that would compromise the chance of retrieving oocytes
[5]. It took approximately 15 years of experience with
GnRH agonists to identify the optimal way to use them;
the best results were obtained starting GnRH analogue
administration in the mid-luteal phase of preceding
cycle, the so-called “long” protocol [6,7].
In the “long” protocol, GnRH agonist is started in the

luteal phase of the run-in cycle and continued until the
administration of hCG (ovulation trigger). An initial
flare of gonadotropin release (about 5 days) takes place
before the receptors are down-regulated and GnRH
action on the pituitary is blocked [6]. This protocol,
probably the most widely used throughout the world
even now, allows a quite good predictability of the work
in IVF Units, implies a low cancellation rate, and allows
to get a relatively high number of pre-ovulatory follicles,
of retrieved oocytes and, as a consequence, of embryos
available for transfer, thus leading to a satisfactory preg-
nancy rate [8].
However, the “long” protocol is associated with some

problems: several risks and complications have been
reported, the most important being ovarian hyperstimu-
lation syndrome (OHSS) in its severe form [9]. Hun-
dreds of patients are hospitalized every year because of
severe OHSS, which represents a life-threatening, high-
cost complication of human IVF. Moreover, the com-
plexity of the “long” protocol, entailing weeks of daily
injections and/or intra-nasal spraying, several blood
samples and frequent ovarian ultrasound scans for mon-
itoring, can impact on a woman’ s life, causing a high
rate of drop-out from IVF program [8].
The “mild” stimulation approach for IVF treatment is

aimed to develop more patient-friendly protocols in
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which the risks are minimized and the results are still
acceptable [8]. A “mild” IVF cycle is defined (ISMAAR
association) either as (a) a stimulation regimen in which
gonadotropins are administered at a lower-than-usual
dose and/or for a shorter duration throughout a cycle in
which GnRH antagonist is given as co-treatment, or (b)
a stimulation in which oral compounds (e.g. anti-estrogens)
are used either alone or in combination with gonadotro-
pins and GnRH-antagonists [10].

The key role of GnRH antagonists in “mild”
stimulation regimens
Although the use of GnRH antagonists is probably not
absolutely required for “mild” ovarian stimulation [11],
their introduction in the clinical practice has repre-
sented the key event to start using “mild” protocols in
IVF. The action of GnRH antagonists is characterized by
an immediate suppression of the pituitary release of
gonadotropins and by a rapid recovery of normal gona-
dotropin secretion when the drug is withdrawn [6]. The
mid-cycle LH surge requires the secretion of native
GnRH and can therefore be effectively prevented by
GnRH antagonist administration. The immediacy of
action of GnRH antagonists allows to block the pituitary
just when the circulating estradiol rise approaches the
threshold level at which LH surge is generated by the
positive feedback loop on the pituitary. At the beginning
of stimulation cycle; ovarian stimulation can be initiated
by endogenous gonadotropins with a normal early folli-
cular phase recruitment of a cohort of follicles, without
any pituitary block [6].
In the last years, three general approaches for the

GnRH antagonist co-treatment in IVF have emerged: (a)
inject a single large dose subcutaneously on approxi-
mately the eighth day of stimulation with gonadotropins,
(b) give daily injections of small doses initiated on a
fixed day of stimulation (fixed protocol), or (c) give daily
injections of small doses initiated depending on the size
of the dominant follicle or on estradiol levels (flexible
protocol) [6]. Administration regimens (b) and (c) are
continued until the day in which hCG is given to obtain
the final oocyte maturation.
The introduction of GnRH-antagonists in the clinical

IVF workout has been characterized by a long learning
curve (probably still ongoing) and by several perplexities
on their effectiveness. Initially, large prospective trials
comparing ovarian stimulation with the “long” agonist
protocol vs. a daily antagonist protocol (in which high
gonadotropin doses were used) revealed the latter to
generate fewer follicles and fewer oocytes; oocytes and
embryos were of equivalent morphological quality, but
finally an average decrement in pregnancy rate of 5%
was observed in the antagonist cycles [12]. The better
pregnancy rate in the agonist cycles was felt to be due

to the larger oocyte availability, allowing to obtain more
embryos and to better select those worth to be trans-
ferred in utero or cryopreserved [13]. Moreover, in the
initial dose-finding studies on GnRH antagonists an
inverse relationship between antagonist dose and
implantation rate was observed, suggesting a potential
toxic effect of the drug on embryos and/or on the endo-
metrial receptivity [13]. After these early reports were
published, the protocols with GnRH antagonists became
for many clinicians a second choice; this is proven by
the analysis of the German IVF registry from 2000 to
2003, that clearly shows that GnRH antagonists were
often utilized in cycles with unfavourable a priori prog-
nosis (e.g. patients with advanced reproductive age and/
or with several previously failed IVF attempts) [14].
GnRH antagonists began to be revaluated when the sub-
analysis of patients with equal demographic and clinical
features was performed on the same database: similar
pregnancy rates were found independent of whether
GnRH agonist or antagonist had been used [15].
Further, although the initial five large randomized con-
trolled trials (RCTs) comparing GnRH antagonists vs.
agonists showed a 5% difference in the chance of clinical
pregnancy in favour of the agonists, the difference in
live birth rate (still in favour of agonists by 3.8%) was
not statistically significant [16]. A later meta-analysis
including 22 RCTs published between 2000 and 2005
and including much more patients (3176 women) found
a live birth rate reduced by -2.7% in the antagonist-trea-
ted group, still not statistically significant even when
data were subdivided and re-analysed according to the
type of population, the type of gonadotropin used, the
type of agonist and antagonist [16]. Differently, the
Cochrane Review including 27 RCTs (3865 patients),
observed significantly lower clinical and ongoing preg-
nancy rates in women treated with antagonists (OR
0.84, 95% CI = 0.72-0.97 and OR 0.82, 95 CI 0.69-0.98
respectively) [17], but still these results could be inter-
preted as due to the learning curve needed to optimize
protocols with antagonists, similarly to what happened
when agonists were made available on the market.

IVF results in “mild” stimulation protocols vs.
classical “long” protocol
At present, the “long” GnRH-agonist regimen with rela-
tive high doses of exogenous gonadotropins is probably
the most frequently used stimulation protocol; this regi-
men has become a comfortable routine over the years in
many IVF clinics. In the last years, the availability of
GnRH antagonists has allowed the clinical development
of “mild” ovarian stimulation protocols involving subtle
interference with single dominant follicle selection.
Some studies have compared the success rate of “mild”
vs. standard ovarian stimulation regimens, either in
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women with normal ovarian reserve or in subjects with
poor ovarian reserve.

Women with normal ovarian reserve
Three prospective, randomized controlled trials com-
pared the effectiveness of “mild” stimulation regimen
with the conventional “long” GnRH agonist protocol
with an early follicular phase FSH start.
The single centre RCT by Hohmann et al. [18] included

142 patients with good reproductive prognosis who were
randomly distributed into three groups: (A) (n= 45) trea-
ted with the GnRH-agonist Triptorelin and, after down-
regulation, with a fixed daily dose of 150 IU rFSH; (B)
(n= 48) and (C) (n= 49) treated with rFSH initiated on
cycle day 2 (group B) or 5 (group C) and with the GnRH-
antagonist Cetrorelix starting when the largest follicle
reached 14 mm diameter. Group C showed a shorter
duration of stimulation, reflected in a significantly lower
total dose of exogenous rFSH; in group C, more cycles
were cancelled due to insufficient response and less
oocytes were harvested, but better quality embryos were
finally obtained. Fewer cycles in group C were character-
ized by a total fertilization failure or by abnormal embryo
development. Nevertheless, because of the higher num-
ber of oocytes retrieved in group A and B and to the bet-
ter availability of embryos among which selecting the
best, no significant difference in the quality of the best
transferred embryo was observed among the three
groups. After stronger ovarian stimulation (groups A and
B), only 7% of the patients who retrieved less than 5
oocytes conceived, whereas after “mild” stimulation 67%
of these patients conceived. Overall, no differences were
found among the three groups as far as the pregnancy
rate per started cycle was concerned.
The results of this study suggest that a low number of

retrieved oocytes after “mild” ovarian stimulation could
have a different meaning from a low number of
retrieved oocytes after a conventional stimulation. It was
shown that the ideal number of oocytes after a conven-
tional “long” protocol is 13 and that when the number
of retrieved eggs is much lower (or even much higher),
the pregnancy rate is compromised [19]. A poor oocyte
yield after classical ovarian stimulation likely reflects a
poor ovarian responsiveness to FSH, that is associated
with poor IVF outcome, whereas a low number of
oocytes after “mild” stimulation probably represents a
normal response, a smoother selection of follicles (and
oocytes) more likely to finally result in high quality
embryos and in a pregnancy [20]. A low overall dose of
exogenous FSH probably stimulates only the most
mature follicles having optimal receptor endowment,
and allows a sort of “quality selection” among follicles
(and finally among oocytes) avoiding to force poor qual-
ity follicles to grow anyway [20].

Another RCT by Heijnen et al. [21] included 404
regularly cycling, normal BMI patients and almost 800
consecutive IVF cycles. In this study, one group was
given “mild” ovarian stimulation with GnRH antagonist
co-treatment combined with selected single embryo-
transfer (SSET), whereas the other received a standard
ovarian stimulation with the GnRH agonist “long” pro-
tocol combined with the transfer of two embryos. The
“mild” treatment group was characterized by a lower
duration of stimulation, a lower total FSH dose and by
less retrieved oocytes. The pregnancy rate per cycle was
significantly lower in the “mild” stimulation group
(17.6% vs 28.6%, p < 0.0001); however, the “mild” stimu-
lation protocol, easier to stand and cheaper for patients,
reduced the rate of treatment discontinuation and
induced some patients to undergo shortly a second IVF
attempt. This attitude resulted in a cumulative live birth
rate after 1 year of IVF treatments that was comparable
in the two groups (43.4% with the mild protocol, 44.7%
with the standard regimen), and the twinning rate was
significantly lower in the “mild” stimulation-SSET trans-
fer group (0.5% vs. 13.1%, p < 0.0001) [21]. According
to this study, a reduced chances of birth per cycle in the
“mild” regimen might be compensated by the increased
number of IVF attempts in a set time. In fact, the over-
all discomfort to patients, evaluated with the hospital
anxiety scale, the depression scale, the somatic Hopkins’
subscale and the subjective sleep quality scale, were
lower in the group assigned to the “mild” stimulation.
Interestingly, also the economical costs of the treatment
were significantly lower with the mild stimulation/SSET
compared with a standard treatment involving conven-
tional stimulation; it must be remarked, however, that
the money saving was mainly due to the almost com-
plete absence of twin pregnancies in the “mild” group
rather then to the cost of IVF procedure itself [21].
Interestingly, a prediction model aimed to estimate the
chance of ongoing pregnancy after “mild” stimulation
and SSET has been prepared using multivariate logistic
regression analysis; this model is claimed to be helpful
to optimize results identifying patients for which the
“mild” stimulation plus SSET strategy can be appropri-
ate [22].
The third RCT comparing the “mild” protocol and the

“long” classical protocol was performed by Baart et al
[23] on 111 patients who were randomized into two
groups, one (n = 67) receiving rFSH 150 IU/day from
day five of the cycle plus GnRH-antagonist in a flexible
schedule, the other (n = 44) receiving rFSH 225 IU/die
after two weeks of pituitary down-regulation by GnRH-
agonist. In this study, couples with severe male factor
were excluded. The ongoing pregnancy rate per started
cycle was 21% in the “mild” group and 18% in the con-
trol group, a difference not statistically significant.
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Interestingly, in this study embryos were biopsied at the
8-cells stage and 1 or 2 blastomeres were then analyzed
by fluorescent in-situ hybridization (FISH) considering
10 chromosomes: despite “mild” stimulation obtained
significantly fewer oocytes and embryos, both regimens
finally generated the same number (1.8/cycle) of chro-
mosomically normal embryos. This observation suggests
that the reduced pharmacological interference with
ovarian physiology could generate oocytes of better
genetical quality. Indeed, some data in the mouse model
show that exogenous disturbances in the signals regulat-
ing folliculogenesis may alter the late stage of oocyte
growth, increasing the risk of altered chromosome seg-
regation in subsequent meiotic divisions: an increased
incidence of chromosomal abnormalities, in fact, was
observed in oocytes after exposure to high doses of
gonadotropins during in vitro maturation of mouse
oocytes [23,24]. Mild stimulation approaches, aiming at
a more physiological response, might be able to improve
the genetical quality of oocyte and embryos in humans.
This hypothesis, however, needs to be validated by
further trials including a higher number of patients and
embryos, and possibly using techniques (e.g. CGH) able
to study the whole set of chromosomes on a single
blastomere.
Taken together, these three RCTs comparing the

“mild” with the classical stimulation regimen included
592 first IVF attempts, among which 313 were per-
formed with the “mild” stimulation protocol and 279
with the classical “long” regimen. Although individually
these trials found comparable results in terms of IVF
effectiveness, pooling data together the ongoing preg-
nancy rate per started cycle sorts out to be 15% in the
“mild” group and 29% in the classical group, a difference
that suggests a well definite trend toward a lower IVF
effectiveness when the “mild” strategy is applied. This
suggestion is further reinforced by the fact that the
three RCTs did not consider freeze-thaw cycles, and the
chance of obtaining surplus embryos/oocytes to freeze is
obviously much lower in “mildly” stimulated cycles than
in the classical ovarian stimulation cycles. Having frozen
embryos/oocytes to transfer in a subsequent cycle can
probably increase the overall IVF pregnancy chance per
oocyte pick-up by approximately 10-15%: thus, the gap
between the two competitors could probably be wider
considering freeze/thawing cycles, and could possibly
reach statistical significance. New RCTs including
freeze-thaw cycles in the comparison between “mild”
and classical stimulation regimens are definitely needed
to get a higher level of evidence about the respective
effectiveness of the two strategies.
A factor limiting the effectiveness of “mild” strategy in

terms of pregnancy rate per cycle is likely to be the rela-
tively high rate of cycle cancellation due to mono- or

bi-follicular response (around 15-20%) when gonadotro-
pins are started on day 5 of the cycle. When such a
response is observed, a valuable option is to stop stimu-
lation and start it again the next month starting earlier
with medications (on day 2-4). Ovarian aging and high
BMI have been identified as relevant variables to predict
the risk of insufficient response to “mild” stimulation,
and a predictive model have been developed in order to
minimize the need of cancelling the cycle [25].
On the other side, classical ovarian stimulation is

claimed to be a factor able to impair endometrial
maturation and consequently embryo implantation
chance. Some studies indeed showed that the gene
expression profiling of the endometrium in convention-
ally stimulated cycles is extremely different from the
one that can be observed during a natural cycle [26,27]:
interestingly, the endometrial gene expression pattern is
more similar to the natural one in cycles with GnRH-
antagonists than in cycles with GnRH-agonists [28].
Furthermore, classical ovarian stimulation regimens are
associated with about ten-folds supra-physiological cir-
culating estradiol levels that have a well documented
negative impact on the developmental and implantation
potential of human embryos [24,29]. Some data suggest
that the best endometrial receptivity to embryo implan-
tation may be found in natural cycle, but mild stimula-
tions have a lower impact on endometrial quality than
classical regimens [30,31]. The “mild” stimulation regi-
men is associated with significantly lower peak estradiol
levels, and possibly can impact on the endometriom
more softly than classical regimens: the “endometrial
factor” can probably represent one scored point in
favour of “mild” stimulation.

Women with poor ovarian reserve
Ovarian stimulation for women with a poor ovarian
reserve is probably one of the most frustrating aspects
of IVF procedure: most of the treatments proposed to
enhance oocyte yield and pregnancy rates in “poor”
responders have failed to show any convincing evidence
[32].
The standard approach to women estimated to be

poor responders is based on starting the “long” protocol
with a daily dose of approximately 300 FSH IU/die [33];
the starting FSH dose used in any subsequent cycle is
then adjusted (up to 600 FSH IU/die) according to the
individual response in the first cycle [34]. The strategy
of performing an upward dose adjustment in women
with poor ovarian reserve, however, has not shown any
consistent benefit. In previous poor responders, in fact,
the IVF outcome of those assigned to a starting dose of
225 FSH UI/day vs. those receiving 450 UI/day was
shown to be similar, despite the latter obtained more
oocytes [35]. Also other studies showed that predicted
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poor responders had no benefit from increasing the FSH
starting dose [36,37]. High gonadotropin doses may
indeed lower the cycle cancellation rate, but have been
observed to reduce the likelihood of clinical pregnancy
and live birth rate and to increase the risk of sponta-
neous miscarriage [38]. A negative effect of high dose
regimens on the endometrial quality has been claimed
to be responsible for the poor outcome of this regimen
[39], although probably even factors linked to embryo
quality itself play a relevant role. High doses of FSH
recruit “resistant” follicles rescuing them from atresia,
but the oocytes that they host are of poor quality and
usually do not result in the generation of good quality
embryos [40,41]. Since the economical cost of gonado-
tropins is one of the major expenditures in IVF treat-
ment, the huge increase in drug cost linked to high-dose
gonadotropin regimens appears to be a nonsense if not
paralleled by a significant improvement in clinical
outcome.
A combination of Clomiphene citrate (CC) plus gona-

dotropins and GnRH antagonists has been proposed as
a “mild” stimulation alternative for poor responders. CC
is known to act as an anti- estrogen on the central ner-
vous system, increasing the pulse frequency of endogen-
ous FSH and LH and giving a moderate gonadotropin
stimulus to the ovary [42]. CC has been used for over
thirty-five years to induce ovulation in WHO type II
anovulatory women, and is still appreciated for its oral
administration and low price; the combination with
gonadotropins may counterbalance its undesired anti-
estrogenic effect on the endometrium and at the same
time may reduce the amount of gonadotropins required,
thanks to the combined synergistic effect on the ovary.
The level of evidence supporting the use of the “mild”

stimulation protocol with CC/Gn/GnRH antagonist in
patients with poor ovarian reserve is rather poor, as
properly designed studies on an appropriate number of
patients are still unavailable. The first report describing
the use of CC/Gn/GnRH antagonists in poor responders
included only eighteen patients; compared to their
response in a previous standard GnRH-agonist cycle,
light improvements in cycle cancellation rate, oocyte
yield and gonadotropin requirement were observed [43].
Unfortunately, neither the number of patients, nor the
study design allowed to get an acceptable level of
evidence.
Takahashi et al. [44] studied 40 poor responders with

a story of multiple IVF failures with the “long” protocol:
treating them with CC/FSH/GnRH antagonist he
obtained an ovarian response comparable to the pre-
vious ones, but a significantly higher blastocyst develop-
ment rate and a very good (41.2%) ongoing pregnancy
rate. Again, the study design was not very informative
and the patient number was too little.

D’Amato et al [45] compared the combination of CC/
FSH/GnRH antagonist to a long GnRH agonist protocol
enrolling 145 women with a prior poor response; a signifi-
cantly lower cancellation rate, higher peak oestradiol level,
more retrieved oocytes and higher pregnancy and implan-
tation rates were achieved with the antagonist protocol. In
this study, however, high FSH amounts and not a “mild”
gonadotropin stimulation were used: the observations,
once again, are only indicative of the possibility of using
this kind of stimulation at lower doses in poor responders.
Some other informations may be deduced from studies

that compared the outcome of CC/Gn/GnRH antagonist
treatment with a standard “long” protocol in patients
with normal ovarian reserve: pregnancy rates comparable
to the standard stimulation regimens were obtained by
the “mild” strategy, with a significant reduction in the
total dose of gonadotropin needed and of the economical
costs [46-48]. These results appear to be encouraging,
although it remains to be proven that they can be repli-
cated even with patients with poor ovarian reserve.
Interestingly, it was shown that when in CC/Gn/

GnRH antagonist cycles the circulating level of LH is
less than one-third at the time of hCG than it was at
the beginning of stimulation, both the pregnancy and
implantation rates are significantly reduced [49]: this
observation suggests to chose medications containing
LH or hCG rather than FSH alone to be associated with
CC in this kind of protocol.
Overall, the published results suggest that in patients

with poor ovarian reserve the choice of a mild stimula-
tion protocol instead of a classical, high dose regimen,
could be particularly indicated. Although these patients
have a very low risk of OHSS even using high doses, the
quality of both their oocytes and their endometrium
could likely to be better when a smoother stimulation
approach is used. Further research, anyway, is needed to
add scientific evidence to this hypothesis.

Other aspects to be considered
Risk of ovarian hyperstimulation syndrome (OHSS)
It is well known that IVF treatment exposes women to
the risk of short-term complications, among which the
severe form of OHSS is the most important. Severe
OHSS is a serious and potentially life-threatening com-
plication of IVF whose symptoms are very well known,
and has a mean incidence of 1-3% in IVF programs
involving standard ovarian stimulation regimens [50].
Some patients are definitely considerable at high risk:
young, lean women with polycystic ovaries (PCO) are a
typical example; their risk of developing severe OHSS
after a conventional ovarian stimulation for IVF is
around 6-9% for a young PCO patient.
The incidence of severe OHSS is significantly lower when

GnRH antagonists are used instead of agonists [16,17],
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probably due to the smaller cohort of recruited follicles
and to the lower circulating estradiol levels during ovar-
ian stimulation. The meta-analysis of Kolibianakis found
that the incidence of hospital admission for OHSS is sig-
nificantly lower in GnRH antagonist cycles than in ago-
nist cycles (OR 0.46;95% CL 0.26-0.82; P = 0.1) [16]. Also
the Cochrane review by Al-Inany reported that the inci-
dence of severe OHSS is significantly lower in protocols
with GnRH antagonists than in protocols with GnRH
agonists (RR 0.61; 95% CI 0.42-0.89; P = 0.01); moreover,
secondary methods to prevent OHSS (such as coasting or
cycle cancellation) need to be used more frequently dur-
ing the GnRH-agonist cycles (OR 0.44;95% CI 0.21-0.93;
P 0.03) [17]. Further, the risk of severe OHSS is reduced
until around zero if ovulation trigger is elicited using a
single dose of GnRH agonist instead on hCG: this is pos-
sible if a stimulation with GnRH antagonists has been
applied, and an endogenous LH peak can be obtained sti-
mulating the pituitary [51].
The risk of developing severe OHSS is further signifi-

cantly reduced using “mild” stimulation regimens; in the
study of Heijnen [21] the incidence of OHSS was 1.4% with
the mild protocol and 3.7% with the long protocol. In
another study, Karimzadeh et al. [46] observed a zero inci-
dence of OHSS in the group treated with “mild” stimulation
vs. 6% in the group treated with conventional stimulation.

Risk of long term health problems
The discussion about long-term health consequences of
ovarian stimulation for IVF, especially concerning the
association between hormones and cancer, is far from
being concluded. The epidemiological studies published
so far in humans remain inconclusive, due to a huge
amount of confounders and to a relatively short follow-
up period of time [52,53].
Although gonadotropin treatment is not considered

oncogenic, nor able to significantly affect the patient’s
chance of having serious diseases, it appears safer to use
the lowest dose possible of hormons, expecially in case
of repeated IVF attempts.

Emotional stress
Emotional stress represents a well known negative side
effects associated with IVF treatment, and probably one
of the most important reasons for dropping out of the
program.
Some studies suggest that women who receive milder

approaches in ovarian stimulation could be more prone
to face a new treatment attempt compared with women
receiving a standard protocol: in fact, the psychological
burden of treatment is one of the most frequent causes
of drop-out, and a significantly lower drop-out rate was
observed in more patient-friendly “mild” stimulation
programs [22,54]. The lower incidence of the so-called

minor symptoms (abdominal pain, nausea, etc.) that can
be associated with conventional ovarian stimulation pro-
tocols is probably a factor that increases the patients’
attitude to repeat IVF, as it has a lower daily impact on
the quality of life. A better predisposition to repeat the
treatment after a failed attempt may obviously have a
positive impact on the cumulative treatment success
rate and could eventually compensate for a lower preg-
nancy rate per cycle following “mild” stimulation.
On the other side, however, the lower pregnancy

chance per attempt with the “mild” approach can be
itself a reason of emotional stress. Treatment failure, in
fact, is associated with a deterioration of emotional well
being [55], subclinical depression [56] and/or anxiety
[57]. Furthermore, one of the most stressing events in
an IVF cycle is oocyte retrieval, either preformed under
general or local anaesthesia; if a stimulation strategy
gets lower “per cycle” results, patients will be more fre-
quently forced to repeat oocyte retrieval, with a possible
increase of emotional stress.
Some studies comparing the conventional ovarian sti-

mulation with the “mild” regimen failed to observe a dif-
ference in the anxiety or depression levels, or on sleep
quality [21,58].
Overall, the evidence about a possible psychological

benefit of “mild” protocols is still inconclusive. Even
when looking at the patient’s emotional well-being, a
careful balance between the daily physical problems of
stimulation and the overall effectiveness of IVF treatment
must be carefully considered, discussing with each single
couple pro and contra of the choice of a specific protocol.

Economical costs
A milder ovarian stimulation is undoubtedly associated
with a lower medication consumption and with a lower
cost for purchasing drugs. A couple of studies showed
the superiority of the “mild” stimulation strategy over the
standard approach in terms of economical costs [21,59],
especially when the “mild” strategy includes SSET [21].
Once again, however, the balance between lower costs

and lower “per cycle” results must be carefully considered:
if IVF effectiveness is under a critical threshold, the fre-
quent need to repeat treatment (even several times) leads
to new economical costs for the patient. This could repre-
sent a concrete problem particularly for people living in
those countries where patients pay for their own treatment
or the public health/private insurance systems give for free
(or at very low costs) only a limited number of attempts.
The convenience of adopting the “mild” stimulation strat-
egy in developing “third world” Countries has not yet been
convincingly demonstrated.
The lower effectiveness of IVF procedure can also

become a problem for IVF clinics choosing the “mild”
strategy, who will compete on the market with clinics
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following classical stimulation concepts; if the clinic
loses patients for the lower “per cycle” effectiveness of
its IVF program, it could be forced to go back to classi-
cal stimulations or, alternatively, to increase prices,
finally weighting on patients’ budget.

Conclusions
In the last decades, several steps have been done with the
aim of rendering human IVF more and more successful
on one side, more and more tolerable and easy to perform
on the other side. IVF programs are now totally feasible
on an outpatient, office basis: no hospitalization or general
anaesthesia are needed, and patients more or less keep on
with their normal life during treatment. Anyway, a consid-
erable proportion of women still experience discomfort
and emotional stress, and some of them face relevant (or
even serious) health complications. Moreover, IVF is still a
very expensive treatment, especially considering its limited
success rate that often forces to repeated attempts and the
higher chance of having a twin pregnancy with all its
obstetrical and neonatal complications.
The mild stimulation approach, especially when linked

to selected single embryo transfer, may represent an
important step toward the objective of an easier IVF,
more tolerable and problem-free for patients, cheaper
for both patients and the society, but still having an
acceptable effectiveness in terms of baby birth rates.
Effectiveness is actually the core of discussion when

dealing with “mild” stimulation strategy. To date, too
few properly designed studies are available to allow a
scientific, conclusive judgement. What is definitely
needed is a series of RCTs comparing, in different sub-
sets of IVF patients, “mild” stimulation protocols with
the conventional GnRH agonist protocols or, alterna-
tively, with stimulation regimens using GnRH antago-
nists with high gonadotropin doses. To be fully
informative, these studies should come from different
research groups and should be properly weighted and
designed, involving also freeze-thaw cycles.
The need for an OHSS-free IVF program is felt as a

key issue by most IVF doctors and represents one of the
objectives of many IVF Units. Further research is needed
to find ideal ovarian stimulation protocols able to obtain
high quality oocytes, optimal IVF success rates even in
poor-prognosis patients and in the meanwhile able to
reduce undesirable effects and complications. The
“mild” stimulation philosophy is interesting, but its true
effectiveness as well as its impact on emotional and eco-
nomical aspects of IVF must be further investigated.

Authors’ contributions
All authors contributed to bibliographic research, critical evaluation of the
articles included in the manuscript and writing of the manuscript. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 7 December 2010 Accepted: 16 February 2011
Published: 16 February 2011

References
1. Macklon NS, Stouffer RL, Giudice LC, Fauser BCJM: The Science behind

25 years of Ovarian Stimulation for In Vitro Fertilization. Endocr Rev 2006,
27(2):170-207.

2. McGee EA, Hsueh AJ: Initial and cyclic recruitment of ovarian follicles.
Endocr Rev 2000, 21(2):200-214.

3. Fauser BCJM, Van Heusden AM: Manipulation of human ovarian function:
physiological concepts and clinical consequences. Endocr Rev 1997,
18(1):71-106.

4. Hohmann FP, Laven JSE, de Jong FH, Eijkemans MJ, Fauser BCJ: Low-dose
exogenous FSH initiated during the early, mid or late follicular phase
can induce multiple dominant follicle development. Hum Reprod 2001,
16(5):846-854.

5. Huirne JA, Lambalk CB, van Loenen AC, Schats R, Hompes PG, Fauser BC,
Macklon NS: Contemporary pharmacogical manipulation in assisted
reproduction. Drugs 2004, 64(3):297-322.

6. Huirne JA, Homburg R, Lambalk CB: Are GnRH antagonists comparable to
agonists for use in IVF? Hum Reprod 2007, 22(11):2805-2813.

7. Daya S: Gonadotropin releasing hormone agonist protocols for pituitary
desensitisation in in vitro fertilization and gamete intrafallopian transfer
cycles. Cochrane Database Syst Rev 2000, CD001299.

8. Ubaldi F, Rienzi L, Baroni E, Ferrero S. Iacobelli M, Minasi MG, Sapienza F,
Romano S, Colasant A, Litwicka K, Greco E: Hopes and facts about mild
ovarian stimulation. Reprod BioMed Online 2007, 14(6):675-681.

9. Macklon NS, Fauser BCJM: Mild stimulation in in vitro fertilization. Ann N
Y Acad Sci 2003, 997:105-111.

10. Nargund J, Fauser BCJM, Macklon NS, Ombelet W, Nygren K, Frydman R:
The ISMAAR proposal on terminology for ovarian stimulation for IVF.
Hum Reprod 2007, 11(14):2801-2504.

11. Fernandez-Shaw S, Pèrez Esturo N, Cercas Dunque R, Pons Mallol I: Mild IVF
using GNRH agonist long protocol is possible: comparing stimulations
with 100 UI vs. 150 UI recombinant FSH at starting dose. J Assist Reprod
Genet 2009, 26(2-3):75-82.

12. Al-Inany H, Aboulghar M: GnRH antagonist in assisted reproduction: a
Cochrane Review. Hum Reprod 2002, 17(4):874-885.

13. Hayden C: GnRH analogues: applications in assisted reproductive
techniques. Eur J Endocrinol 2008, 159(1):17-25.

14. Griesinger G, Felberbaum R, Diedrich K: GnRH antagonist in ovarian
stimulation: a treatment regimen of clinicians’ second choise? Data from
the Germany national IVF registry. Hum Reprod 2005, 20(9):2373-2375.

15. Engel JB, Griesinger G, Schultze-Mosgau A, Felberbaum R, Diedrich K: GnRH
agonist and antagonist in assisted reproduction: pregnancy rate. Reprod
BioMed Online 2006, 13(1):84-87.

16. Kolibianakis EM, Collins I, Tarlatzis BC, Devroey P, Griesinger G: Among
patients treated for IVF with gonadotrophins and GnRH analogues is the
probability of live birth dependent on the type of analogue used? A
systematic review and meta-analysis. Hum Reprod Update 2006,
12a(6):651-671.

17. Al-Inany HG, Abou-Setta AM, Aboulghar M: Gonadotrophin-releasing
hormone antagonists for assisted conception. Cochrane Database Syst Rev
2006, 19(3):CD001750.

18. Hohmann FP, Macklon NS, Fauser BC: A randomized comparison of two
ovarian stimulation protocols with gonadotropine-releasing hormone
(GnRH) antagonist co-treatment for in vitro fertilization commencing
recombinant follicle-stimulating hormone on cycle day 2 or 5 with the
standard long GnRH agonist protocol. J Clin Endocrinol Metab 2003,
88(1):166-173.

19. van der Gaast MH, Eijkemans MJ, van der Net JB, de Boer EJ, Burger CW,
van Leeuwen FE, Fauser BC, Macklon NS: Optimum number of oocytes for
a successful first IVF treatment cycle. Reprod Biomed Online 2006,
13(4):476-480.

20. Verberg MFG, Eijkemans MJC, Macklon NS, Heijen EMEW, Baart EB,
Hohmann FP, Fauser BCJM, Broekmans FJ: The clinical significance of the
retrieval of a low number of oocytes following mild ovarian stimulation
for IVF: a meta-analysis. Hum Reprod Update 2009, 15(1):5-12.

Revelli et al. Reproductive Biology and Endocrinology 2011, 9:25
http://www.rbej.com/content/9/1/25

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/16434510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16434510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10782364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9034787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9034787?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11331627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11331627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11331627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14871171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14871171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17872909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17872909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10796763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10796763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10796763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17579976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17579976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14644815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19151931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19151931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19151931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11925376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11925376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15932915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15932915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15932915?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16820115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16820115?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12519847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12519847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12519847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12519847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12519847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17007663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17007663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19091754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19091754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19091754?dopt=Abstract


21. Hejinen EMEW, Eijkemans MJC, De Klerk C, Polinder S, Beckers NGM,
Klinkert ER, Broekmans FJ, Passchier J, Te Velde ER, Macklon NS, Fauser
BCJM: A mild treatment strategy for in vitro fertilization: a randomised
non inferiority trial. The Lancet 2007, 369(9563):743-749.

22. Verberg MF, Eijkemans MJ, Macklon NS, Heijnen EM, Fauser BC,
Broekmans FJ: Predictors of ongoing pregnancy after single-embryo
transfer following mild ovarian stimulation for IVF. Fertil Steril 2008,
89(5):1159-1165.

23. Baart EB, Martini E, Eijkemans MJ, Van Ostal D, Beckers NG, Verhoeff A,
Macklon NS, Fauser BC: Milder Ovarian stimulation for in vitro fertilization
reduces aneuploidy in the human preimplantation embryo: a
randomised controlled trial. Hum Reprod 2007, 22(4):980-988.

24. Ertzeid G, Storeng R: The impact of ovarian stimulation on implantation
and fetal development in mice. Hum Reprod 2001, 16(2):221-225.

25. Verberg MF, Eijkemans MJ, Macklon NS, Heijnen EM, Fauser BC,
Broekmans F: Predictors of low response to mild ovarian stimulation
initiated on cycle day 5 for IVF. Hum Reprod 2007, 22(7):1919-1924.

26. Horcajadas JA, Mínguez P, Dopazo J, Esteban FJ, Domínguez F, Giudice LC,
Pellicer A, Simón C: Controlled ovarian stimulation induces a functional
genomic delay of the endometrium with potential clinical implications.
J Clin Endocrinol Metab 2008, 93(11):4500-4510.

27. Horcajadas JA, Díaz-Gimeno P, Pellicer A, Simón C: Uterine receptivity and
the ramifications of ovarian stimulation on endometrial function. Semin
Reprod Med 2007, 25(6):454-460.

28. Martínez-Conejero JA, Simón C, Pellicer A, Horcajadas JA: Is ovarian
stimulation detrimental to the endometrium? Reprod Biomed Online 2007,
15(1):45-50.

29. Valbuena D, Jasper M, Remohi J, Pellicer A, Simon C: Ovarian stimulation
and endometrial receptivity. Hum Reprod 1999, 14(2):107-11.

30. Check JH, Choe JK, Nazari A, Summers-Chase D: Ovarian hyperstimulation
can reduce uterine receptivity. A case report. Clin Exp Obstet Gynecol
2000, 27(2):89-91.

31. Check JH, Check ML : A case report demonstrating that follicle maturing
drugs may create an adverse uterine environment even when not used
for controlled ovarian hyperstimulation. Clin Exp Obstet Gynecol 2001,
28(4):217-218.

32. Kyrou D, Kolibianakis EM, Venetis CA, Papanikolaou EG, Bontis J, Tarlatzis BC:
How to improve the probability of pregnancy in poor responders
undergoing in vitro fertilization: a systematic review and meta-analysis.
Fertil Steril 2009, 91(3):749-766.

33. Shanbhag S, Aucott L, Bhattacharya S, Hamilton MA, Mc Tavish AR:
Interventions for “ poor responders” to controlled ovarian
hyperstimulation (COH) in in vitro fertilization (IVF). Cochrane Database
Syst Rev 2007, 24(1):CD004379.

34. Tarlatzis BC, Zepiridis L, Grimbizis G, Bontis J: Clinical management of low
ovarian response to stimulation for IVF: a systematic review. Hum Reprod
Update 2003, 9(1):61-76.

35. Land JA, Yarmolinskaya MI, Dumoulin JC, Evers JL: High-dose human
menopausal gonadotropin stimulation in poor responders does not
improve in vitro fertilization outcome. Fertil Steril 1996, 65(5):961-965.

36. Lekamge DN, Lane M, Gilchrist RB, Tremellen KP: Increased gonadotrophin
stimulation does not improve IVF outcomes in patients with predicted
poor ovarian reserve. J Assist Reprod Genet 2008, 25(11):515-521.

37. Pantois C, Thotnton SJ, Speirs AL, Johnston I: Increasing the human
menopausal gonadotropine dose- does the response really improve?
Fertil Steril 1990, 53(3):436-439.

38. Pal L, Jindal S, Witt BR, Santoro N: Less is more: increased gonadotropin
use for ovarian stimulation adversely influences clinical pregnancy and
live birth after in vitro fertilization. Fertil Steril 2008, 89(6):1694-1701.

39. Gougeon A: Regulation of ovarian follicular development in primates:
facts and hypotheses. Endocr Rev 1996, 17(2):121-155.

40. Check JH: Mild ovarian stimulation. J Assist Reprod Genet 2007,
24(12):621-627.

41. Check JH, Summers-Chase D, Yuan W, Horwath D, Wilson C: Effect of
embryo quality on pregnancy outcome following single embryo transfer
in women with a diminished egg reserve. Fertil Steril 2007, 87(4):749-756.

42. Adashi EY: Clomiphene Citrate: mechanisms and sites of action- a
hypothesis revisited. Fertil Steril 1984, 42(3):331-343.

43. Craft I, Gorgy A, Hill J, Menon D, Podsiadly B: Will GnRH antagonists
provide new hope for patients considered “difficult responders” to
GnRH protocols? Hum Reprod 1999, 14(12):2959-2962.

44. Takahashi K, Mukaida T, Tomiyana T, Goto T, Oka C: GnRH antagonist
improved blastocyst quality and pregnancy outcome after multiple
failures of IVF/ICSI-ET with a GnRH agonist protocol. J Assist Reprod Genet
2004, 21(9):317-322.

45. D’Amato G, Caroppo E, Pasquadibisceglie A, Carone D, Vitti A, Vizziello GM:
A novel protocol of ovulation induction with delayed gonadotrophin-
releasing hormone antagonist administration combined with high-dose
recombinant follicle-stimulating hormone and clomiphene citrate for
poor responders and women over 35 years. Fertil Steril 2004,
81(6):1572-1577.

46. Karimzadeh MA, Ahmadi S, Oskouian H, Rahmani E: Comparison of mild
stimulation and conventional stimulation in ART outcome. Arch Gynecol
Obstet 2010, 281(4):741-746.

47. Lin YH, Hwang JL, Seow KM, Huang LW, Hsieh BC, Tzeng CR: Comparison
of outcome of clomiphene citrate/human menopausal gonadotropine/
cetrorelix protocol and buserelin long protocol- a randomized study.
Gynecol Endocrinol 2006, 22(6):297-302.

48. Williams SC, Gibbons WE, Muasher SJ, Oehninger S: Minimal ovarian
hyperstimulation for in vitro fertilization using sequential clomiphene
citrate and gonadotropine with or without the addition of a
gonadotropine-releasing hormone antagonist. Fertil Steril 2002,
78(5):1068-1072.

49. Yanaihara A, Yorimitsu T, Motoyama H, Ohara M, Kawamura T: The
decrease of serum luteinizing hormone level by a gonadotropin-
releasing hormone antagonist following the mild IVF stimulation
protocol for IVF and its clinical outcome. J Assist Reprod Genet 2008,
25(4):115-118.

50. Fauser BCJM, Devroey P, Yen SSC, Gosden R, Crowley WC, Baird DT,
Bouchard P: Minimal ovarian stimulation for IVF: appraisal of potential
benefits and drawbacks. Hum Reprod 1999, 14(11):2681-2686.

51. Humaidan P, Papanikolaou EG, Tarlatzis BC: GnRHa to trigger final oocyte
maturation: a time to reconsider. Hum Reprod 2009, 24(10):2389-2394.

52. Bristow RE, Karlan BY: Ovulation induction, infertility and ovarian cancer
risk. Fertil Steril 1996, 66(4):499-507.

53. Shoham Z: Epidemiology, etiology and fertility drugs in ovarian epithelial
carcinoma. Where are we today? Fertil Steril 1994, 62(3):433-448.

54. de Klerk C, Heijnen EM, Macklon NS, Duivenvoorden HJ, Fauser BC,
Passchier J, Hunfeld JA: The psychological impact of mild ovarian
stimulation combined with single embryo transfer compared with
conventional IVF. Hum Reprod 2006, 21(3):721-727.

55. Slade P, Emery J, Lieberman BA: A prospective, longitudinal study of
emotions and relationships in in vitro fertilization treatment. Hum Reprod
1997, 12(1):183-190.

56. De Klerk C, Macklon NS, Hejinen EMEW, Eijkemans MJC, Fauser BCJM,
Passchier J, Hunfeld JAM: The psychological impact of IVF failure after
two or more cycles of IVF with a mild versus standard treatment
strategy. Hum Reprod 2007, 22(9):2554-2558.

57. Valbuena D, Jasper M, Remohi J, Pellicer A, Simon C: Ovarian stimulation
and endometrial receptivity. Hum Reprod 1999, 14(2):107-11.

58. Devroey P, Aboulghar M, Garcia-Velasco J, Griesinger G, Humaidan P,
Kolibianakis E, Ledger W, Tomás C, Fauser BC: Improving the patient’s
experience of IVF/ICSI: a proposal for an ovarian stimulation
protocol with GnRH antagonist co-treatment. Hum Reprod 2009,
24(4):764-774.

59. Polinder S, Heijnen EMEW, Macklon NS, Habbema JDF, Fauser BJCM,
Eijemans MJC: Cost-effectiveness of a mild compared with a standard
strategy for IVF: a randomized comparison using cumulative term live
birth as the primary endpoint. Hum Reprod 2008, 23(2):316-323.

doi:10.1186/1477-7827-9-25
Cite this article as: Revelli et al.: Milder is better? advantages and
disadvantages of “mild” ovarian stimulation for human in vitro
fertilization. Reproductive Biology and Endocrinology 2011 9:25.

Revelli et al. Reproductive Biology and Endocrinology 2011, 9:25
http://www.rbej.com/content/9/1/25

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/17686477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17686477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17204525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17204525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17204525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11157810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11157810?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17485438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17485438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18697870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18697870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17960530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17960530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10690806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10690806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10968340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10968340?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11838741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11838741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11838741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639875?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12638782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12638782?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8612857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8612857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8612857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18972201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18972201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18972201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2106451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2106451?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18440515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18440515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18440515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8706629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8706629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18058016?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17207795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17207795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17207795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6432584?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6432584?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10601078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10601078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10601078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15587144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15587144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15587144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15193479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15193479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15193479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15193479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19834718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19834718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16785154?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16785154?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16785154?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12413995?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18368475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18368475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18368475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18368475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10548600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10548600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19608565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19608565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8816606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8816606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8062935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8062935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16311295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16311295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16311295?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9043926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9043926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17586832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17586832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17586832?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10690806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10690806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19153090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19153090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19153090?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18033807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18033807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18033807?dopt=Abstract

	Abstract
	Background
	Recruitment, selection and dominance of follicles in ovarian physiology
	Conventional “long
	The key role of GnRH antagonists in “mild” stimulation regimens
	IVF results in “mild” stimulation protocols vs. classical “long” protocol
	Women with normal ovarian reserve
	Women with poor ovarian reserve

	Other aspects to be considered
	Risk of ovarian hyperstimulation syndrome (OHSS)
	Risk of long term health problems
	Emotional stress
	Economical costs

	Conclusions
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


