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Abstract

Background Triggering final oocyte maturation is a pivotal step in modern patient-tailored IVF/ICSI treatment,
securing the optimal number of mature oocytes retrieved without compromising fertilization, embryo development,
and live birth. Several factors need to be considered when deciding the time of the trigger: the size of the leading
follicles, distribution of the follicular cohort, the duration of stimulation, the protocol used for stimulation, and ovarian
response status.

Main body The current narrative review aims to appraise all available evidence for determining the proper time

for inducing final oocyte maturation following IVF treatment. Moreover, it discusses the impact of the stimulation
protocol, follicular size, and magnitude of ovarian response on choosing the proper timing for trigger. Comprehensive
literature search of all available articles and relevant articles studying the criteria for timing of final oocyte maturation
trigger in IVF/ICSI cycles were included in this review. It was found that leading follicles size of 16-22 mm is associated
with the optimum oocyte maturation ratio, size of the remaining cohort of follicles should be > 14 mm, 10-12 days

of minimum length of stimulation should be auspicated in normal responders before trigger, and the timing of trig-
ger administration should not depend solely on hormonal levels.

Conclusion In conclusion, the timing of triggering of final cocyte maturation in ICSI cycles should be individualized
on a case-by-case basis.

Keywords Final oocyte maturation, Trigger, Criteria, Follicle size, Stimulation phase length, Delaying trigger, Human
chorionic gonadotropin, Agonist trigger
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Background

The timing of the trigger is an essential part of the suc-
cessful assisted reproductive technology (ART) cycle.
Trigger timing is tailored to retrieve a high proportion
of mature and competent oocytes from the available
follicular cohort [1]. Nevertheless, limited evidence is
available regarding trigger time in different stimula-
tion protocols. In clinical practice, the time of trig-
gering administration mostly depends on the extent
of response and follicle size in different protocols [2].
A comprehensive knowledge about pharmacokinet-
ics and pharmacodynamics of the triggering agents is
important for answering the following questions: when
to end the follicular phase, the ideal triggering agent
to be used, its ideal dose, optimal timing of the oocyte
retrieval [3, 4].

This review is a comprehensive search of literature
regarding the proper timing of administration of the
triggering agent in different stimulation protocols and
in different patterns of ovarian response to ovarian
stimulation.

Comprehensive literature search of all available
articles published in English on PubMed and Google
Scholar libraries were searched independently from
inception till January 2022 using the terms “final oocyte
maturation,” “trigger,” “criteria,” “follicle size,” “stimula-
tion phase length,” “delaying trigger,” “human chorionic
gonadotropin,” and “agonist trigger” Articles which
were found to be relevant and studying the criteria for
timing of final oocyte maturation trigger in IVF/ICSI
cycles were included in this narrative literature review.

Main text

Ovulation trigger in ICSI cycles vs. natural cycles
Stimulated cycles differ from natural cycles in differ-
ent aspects including supraphysiological follicular and
luteal phase steroid levels due to multifollicular devel-
opment, altered hypothalamic response due to the use
of GnRH analogues, and low levels of endogenous gon-
adotropins during the luteal phase [1]. Moreover, the
follicular growth rate is greater during ovarian stimu-
lation cycles (1.69 + 0.03 mm/day) compared to natu-
ral cycles (1.42 + 0.05 mm/day), and the interval from
dominant follicle selection to ovulation was found to
be shorter during stimulated cycles (5.08 + 0.07 days)
compared to natural cycles (7.16 + 0.23 days) [5].

A successful triggering should guarantee an LH expo-
sure adequate for the resumption of meiosis, cytoplas-
mic maturation, and oocyte competence in harmony
with a timely receptive endometrium [6-8]. Optimal
triggering means “good yield with minimal or no com-
plications” [9].
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Factors influencing the timing of the trigger: when to end
the follicular phase?
Timing of the trigger in ICSI cycles has an obvious
effect on oocyte competence and endometrium recep-
tivity [10]. Many factors have been studied for the
determination of proper timing of trigger administra-
tion in ICSI cycles; they include follicle size, serum
estradiol (E2) and progesterone levels, peak E2 per
follicle, and previous response to ovarian stimulation
(COS).

The most important factors influencing the choice of
timing of trigger administration in ICSI cycles will be dis-
cussed in the current review.

Stimulation Phase Length (SPL)

The duration of gonadotropin stimulation is likely related
to oocyte competence and endometrial readiness. Short
and long stimulation could compromise ART cycle suc-
cess [11-15]. In long agonist protocol, there is no clear
indication that the duration of stimulation is associated
with poor outcome [16-18].

Adding to the complexity of the situation are differen-
tial growth patterns of folliculogenesis in poor and nor-
mal responders [19-21].

In antagonist protocol, however, a short stimulation
phase is associated with poor outcome only in normal
responders. Conversely, in low responders, the short
stimulation phase was not reported as a disadvantage
[22].

A novel concept of “Term Oocyte Maturation” (TOM)
has been recently proposed, referring to a minimal essen-
tial time to reach oocyte developmental competence [23].
TOM duration of 14 or 15 days could be a safe limit for
oocyte competence, just like term pregnancy does for the
wellbeing of a child. TOM tends to be shorter in stimu-
lated cycles than in natural cycles due to faster follicular
growth rate, higher FSH, and more mural/cumulus gran-
ulosa. Interestingly in some studies, deliberately delaying
of trigger was not associated with an adverse outcome.

Table 1 displays the main characteristics of studies
evaluating the effect of stimulation phase length on ICSI
outcomes.

In conclusion, the impact of stimulation phase length
on ICSI outcomes could be summarized:

1) A minimum duration of ovarian stimulation is
required for oocyte maturation before triggering
ovulation (term oocyte maturation).

2) From the best available evidence, a duration of
10-12 days of ovarian stimulation (OS) in normal
responder women has been shown to be associated
with better success outcomes.
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3) Duration of stimulation may have different impacts
on women with extremes of ovarian response (hyper
and poor responders).

4) Prolongation of ovarian stimulation days to retrieve
more oocytes appears to be more beneficial in ago-
nist cycles rather than cycles stimulated with the
antagonist protocol.

Sizes of the growing cohort of follicles
Timing of the trigger has been, for more than 3 decades,
at least 3 follicles with a diameter of 17 mm or more
[28-31].

Table 2 summarizes the main characteristics of the
important studies correlating follicular size and several
IVF success parameters.

Size of the leading follicle(s) on the day of the trigger
Determination of the follicle size essential for trigger is
an important step in COS [37]. Vaginal ultrasound is
used during (COS) to monitor follicles of different sizes
that grow at different rates, thus adding to the complex-
ity of evaluating their competence [38]. Most special-
ists tend to agree that oocytes are mainly aspirated from
large follicles [28].

This is based on the concept that the cumulus oocyte
complex is dissociated easily from the wall of “large fol-
licles” under the effect of hyaluronidase expressed by the
hCG trigger [39-43].

Despite this, there is no universal agreement on the
minimum follicular size required to obtain a competent
oocyte. The cutoff for obtaining a mature M2 oocyte is
16 mm in one view [31], and follicles smaller than 12 mm
produce varying stages of oocyte immaturity [39, 44,
45]. Follicles above 22 mm often contain “post-mature”
oocytes [31] that demonstrate decreased fertilization
rate and impaired developmental competence [46]. To
obtain a mature oocyte, an 18-mm cut-off was proposed
by some authors [45, 47], 16 mm by others [48]. Accord-
ing to some publications [49, 50], follicles below 14-mm
diameter do not contain MII oocytes, both in normal
and polycystic ovaries. Moreover, while Dubey et al. [30]
observed comparable fertilization rates in oocytes from
16- to 22-mm follicles to those from 22- to 26-mm folli-
cles, Ectors et al. [31] found that follicles of 16—23 mm on
the day of oocyte retrieval had higher fertilization rates
than those>23 mm. However, the percentage of good-
scored oocytes was demonstrated to increase from 55.4%
of follicle size of 16—23 mm to 64.6% of follicles >23 mm.
Knopman et al. tried to find an answer to the question
“is bigger better?” [35]. It was found that delaying ovula-
tion trigger to advance follicular growth does not appear
to improve IVF outcomes. Indeed, those patients with
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2 lead follicles>20 mm had a reduced (although non-
significant) live birth rate (LBR). Although larger fol-
licles are presumed to yield a higher quantity of mature
oocytes and subsequently a greater number of resultant
embryos, this study suggested that this hypothesis could
be flawed as those women with follicles >20 mm had the
lowest (p=0.03) MII oocytes number amongst all women
in the study. Moreover, they reported also the lowest
2PN zygotes and blastocyst numbers (although non-
significant). Hence, the authors concluded that exten-
sion of ovarian stimulation to achieve marked follicular
growth should not be done as it was not associated with
improved outcomes. Similarly, it was found that a follicu-
lar size of 16 mm or more on OPU day is the best predic-
tor of the fertilization potential of oocytes, even superior
to the morphological appearance of COC [30]. This find-
ing was also supported by another large study that found
that oocytes retrieved from follicles above 18 mm have
the best fertilization potential [45]. It can be concluded
that follicles 16-22 mm in diameter are associated with
the highest chance to retrieve mature oocytes [51], best
fertilization protentional, and embryo developmental
competence [31, 45].

Size of the cohort of the growing follicles on the day of trigger
The mechanism underlying the individual response of
antral follicles to exogenous gonadotropin has not yet
been clearly determined [52, 53]. However, it is known
that early antral follicles do not necessarily grow coordi-
nately in response to exogenous gonadotropins to reach
simultaneous functional and morphologic maturation
and that not necessarily all the FSH responding follicles
have enough LH receptors to respond to the maturation
signal induced by hCG [54, 55].

Moreover, in GnRH antagonist cycles, a physiological
increase in the FSH level during the luteal-follicular tran-
sition phase provokes a heterogeneous follicular devel-
opment leading to a slightly lower maturation rate when
compared to agonist cycles. During the early follicular
phase, early antral follicles present noticeable size hetero-
geneities that may be amplified during COS [56].

Thus, multifollicular growth may result in heterogene-
ous size of follicles and variable growth rate and also may
cause secondary and tertiary cohorts [57-59].

The follicular size associated with the greatest chance
of oocyte yield was studied by Hu et al. [10]. They cat-
egorized women treated with antagonist cycles by the
proportion of 17 mm/10 mm follicles ratio on the day of
trigger, as low (30% > 17 mm), middle (30-60% > 17 mm),
or high proportion (>60%>17 mm). Oocyte matura-
tion rate in the middle- and high-proportion groups was
higher than that in the low-proportion group. Implan-
tation rate, pregnancy rate, and LBR were significantly
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higher in the high-proportion group compared with the
low- and middle-proportion groups.

Another retrospective analysis was conducted by
Abbara et al. [33]; they found that follicles with a mean
diameter of 12-19 mm have the greatest odds of con-
taining mature oocytes and this finding was noticed with
both hCG and GnRH-agonist triggers.

A recent prospective study was conducted by Mohr-
Sasson et al. [32] to assess the correlation between fol-
licular size and oocyte and embryo quality. Before
oocyte pickup, follicles were measured and divided
into three groups according to maximum dimensions:
large>16 mm, medium 13-15 mm, and small<13 mm.
Oocytes were obtained during aspiration from 76.3%,
70.3%, and 55.6% of the large, medium, and small folli-
cle groups, respectively (the difference between medium
and large groups was not significant). The mature oocyte
(metaphase II) rate was significantly higher in the large
(P=0.001) and medium (P=0.01) compared with the
small follicle group. However, no differences were
observed in fertilization or top-quality embryo (TQE)
rates among mature oocytes regardless of the size of the
follicle from which they originated. They reported also
that triggering mode (hCG, GnRH agonist, or dual trig-
ger) did not influence oocyte recovery rate in the differ-
ent follicle size groups.

In conclusion, it appears that the size of follicles (both
leading follicles and remaining follicular cohort) at the
time of ovulation trigger can influence the likelihood that
LH-like exposure can induce oocyte maturation. Most
reproductive IVF centers administer the bolus trigger
when two to three lead follicles are 17 to 18 mm in diam-
eter provided that follicles grow as a tight representative
cohort behind the lead follicle.

In the view of the best available evidence [60, 61], the
European Society of Human Reproduction and Embryol-
ogy (ESHRE) (2020) recommendations about the timing
of trigger [62] are as follows: “Most often, final oocyte
maturation is triggered at sizes of several of the lead-
ing follicles between 16—22 mm as data on specific fol-
licle sizes that are most likely to yield an mature oocyte
have predominantly been generated on the day of oocyte
retrieval, at which time follicles of 16 to 22 mm are
thought to be most likely to yield oocytes” [63].

Hormonal levels as determinants for the timing of trigger
Serum E2 level on the day of trigger administration

Serum estradiol levels during ovarian stimulation greatly
vary depending on the size of the growing follicular
cohort, the distribution of follicles between different size
classes within the growing cohort, and the endocrine
situation of the patient and the endocrine milieu of the
stimulation cycle [62].
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Several observational studies have been conducted
aiming to find an association between outcomes of
oocyte retrieval in IVE/ICSI cycles and estradiol levels
on the day of trigger administration; some studies tried to
correlate the estradiol levels (pg/mL) on the day of trigger
[64—66] and other studies the effect of estradiol/follicle
and estradiol/oocyte ratio as a parameter for triggering
ovulation [67, 68].

To the best of our knowledge, there are no interven-
tional studies performed assessing the use of serum
estradiol and/or estradiol/follicle as a marker for timing
the final oocyte maturation trigger.

Therefore, the guidelines of ESHRE 2020 for ovarian
stimulation in IVF/ICSI do not recommend the use of
either estradiol level or estradiol/follicle ratio as the sole
parameter for the timing of trigger in IVF/ICSI cycles
[62].

Serum progesterone (P) level on the day of trigger
administration

In spite of the wide use of GnRH analogs during COS for
ICSI, a subtle pre-ovulatory rise in the serum progester-
one concentration before trigger administration for final
oocyte maturation still occurred in 5-30% of COS cycles
[69-71]; this phenomenon has been called premature
luteinization. It has been recently proposed that “pre-
mature luteinization” is not an appropriate term for this
condition because premature serum P rise occurs when
the serum LH concentration is low. Therefore, excess
serum P is unlikely to be produced by the luteinization
process and is more probably due to accumulation from
a large number of follicles [72-74]. The impact of this
“pre-ovulatory” progesterone rise on outcomes of IVF/
ICSI remains inconclusive and controversial. The major-
ity of studies have advocated that progesterone rise on
the day of hCG trigger adversely affects pregnancy out-
come [75-77] due to its harmful effect on the endome-
trium and implantation process [78, 79] or affecting the
quality of the developing oocytes and embryos [80, 81].
An interesting study reported significantly lower LBRs in
patients with both low (<0.05 ng/mL) and high (>1.5 ng/
mL) progesterone levels on the day of hCG trigger [82].
Nevertheless, other studies showed that progesterone
rise does not appear to negatively affect IVF outcomes
[72, 83, 84].

A randomized controlled trial showed that if the pro-
gesterone level is higher than 1 ng/ml, delaying the
administration of hCG by 24 h has no effect on the num-
ber of mature oocytes. If the progesterone level is<1 ng/
ml and 30-50% of the follicles have diameters>18 mm,
delaying oocyte maturation by 24 h is advised [85]. How-
ever, another RCT [86] describes that even in patients
with normal progesterone level (<1 ng/ml) stimulated
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with antagonist protocol, delaying trigger administra-
tion by 24 h is not beneficial in any success outcome
parameters.

Therefore, there is no sufficient evidence to recom-
mend the use of serum progesterone to determine the
timing of trigger administration. However, there are no
clear cut-off values for normal and elevated progesterone
levels.

Impact of the stimulation protocol on the timing of trigger
administration

The question of whether it is better to delay or put for-
ward the time of trigger administration in the different
protocols remains elusive [52].

GnRH agonist protocol

In agonist cycles, upon administration of gonadotro-
phins, follicles are recruited in a backdrop of pituitary
suppression, producing a pool of relatively equivalent fol-
licles [87, 88]. In contrast, patients undergoing antagonist
protocol maintain pituitary function, whereby endog-
enous gonadotrophin stimulates a degree of follicular
development, augmented with exogenous gonadotro-
phins. This may induce additional follicle development,
resulting in a more heterogeneous cohort of follicles [88].

There is a general agreement that, in GnRH agonist
cycles, prolongation of the stimulation phase does not
seem to have a detrimental effect on outcomes of IVF/
ICSL

A well-designed RCT by Mochtar et al. [61] inves-
tigated the effect of follicular diameter size on ongo-
ing pregnancy rates (OPR) in agonist IVF/ICSI cycles.
Women were randomized between timing oocyte collec-
tion when the leading follicle had a diameter of 22 mm
or when the leading follicle had a diameter of 18 mm.
In the 22-mm group, more women reached an ongoing
pregnancy in comparison with the 18-mm group with
a resulting relative risk (RR) of 1.6 (95% CI=1.03-2.5).
No statistically significant difference was reached for the
secondary outcomes: clinical pregnancy rate (CPR) and
LBR. The mean days of stimulation were, as predicted,
more in the 22-mm group than in the 18-mm group (11.7
vs. 10.7). The mean number of oocytes retrieved and M-I
oocytes was significantly higher in the 22-mm group;
similarly, the mean number of top-quality embryos was
found to be higher in the 22-mm group.

However, it has to be mentioned that to obtain optimal
results in ICSI, the real paradigm might not be the stim-
ulation regimens (mild or conventional) themselves but
delaying oocyte collection to harvest more oocytes from
the growing cohort, which then, in turn, leads to more
high-quality embryos [61]. It is important to reiterate that
better outcome with larger follicles could be restricted to
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long agonist protocol because delaying retrieval in antag-
onist could be associated with a poor outcome [14].

Similarly, another old study suggested that women
would benefit from delayed administration of hCG in
agonist cycles with proportionately more clinical preg-
nancies [89].

On the other hand, there are several studies showing
no significant advantage of precise timing of hCG trigger
in agonist cycles.

A RCT conducted to study different hCG criteria in
patients undergoing IVF using the long GnRH-agonist
protocol concluded that extending the duration of ovar-
ian stimulation in a long GnRH agonist protocol by
2 days does not affect oocyte retrieval, fertilization, and
pregnancy rates [90].

Chen et al. [60] performed a meta-analysis of 7 RCTs;
in three trials, women were treated with agonist proto-
col and in the other four trials with antagonist protocol.
Estradiol levels were significantly higher with either 24 h
(p=0.04) or 48 h (p<0.00001) delay of hCG administra-
tion which reflects relatively more follicles come into
maturation. The number of oocytes retrieved in the late
hCG group was significantly higher than in the early
hCG group (95% CI=1.11-1.30, p <0.00001), while CPRs
and LBRs did not differ between the early and late hCG
groups.

In conclusion, delaying the hCG trigger (1-2 days) in
agonist ICSI cycles would result in better oocyte yield
which in turn may have a positive impact on number of
embryos and pregnancy rates; however, this could be
associated with increased incidence of pre-ovulatory pro-
gesterone rise.

GnRH antagonist protocol

Since antagonist cycles do not involve pituitary desensiti-
zation, the ICSI cycle length is shorter than cycles treated
with agonists [91].

It was reported that when GnRH antagonists are used,
oocyte maturation is obtained at a lower follicle size than
when a GnRH agonist is given in the classical “long” pro-
tocol [57].

It seems that, in antagonist ICSI cycles, the decision
is usually made somewhat earlier than in agonist cycles
[85]. In 2006, the Brussels GnRH antagonist Consensus
Workshop Group stated that the optimal timing for trig-
gering oocyte maturation when using a GnRH antagonist
protocol needed to be explored further [92].

The criteria used for triggering the final maturation
of oocytes in GnRH antagonist ICSI cycles are mark-
edly variable between investigators. In the majority of
studies, the trigger is administrated when at least 3 fol-
licles>17 mm in diameter [91, 93-96]. Alternatively,
triggering of final oocyte maturation is performed in
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the presence of 3 follicles with a maximum diameter
of 18 mm [97] or in the presence of 1 follicle of 18 mm
and 3 follicles of 15 mm [98]. It would therefore appear
that follicles between 15 and 18 mm in diameter have
good reproductive potential [99].

A RCT was conducted by Kolibianakis et al. [14]
to assess the effect of prolongation of the follicular
stimulation phase by 2 days in antagonist ICSI cycles.
Patients were randomized to receive the bolus trigger
of hCG either as soon as at least three follicles were
17 mm on ultrasound (early-hCG group) or 2 days later
after this criterion was met (late-hCG group). A sig-
nificantly lower OPR rate per retrieval and per transfer
as well as a significantly lower ongoing implantation
rate was present in the late-hCG as compared with the
early-hCG group.

Morley et al. [87] performed a RCT to study the
effect of precise timing vs. delayed trigger administra-
tion in antagonist cycles. All subjects were monitored
daily from day 9 of stimulation until at least three folli-
cles reached a diameter of > 17 mm. Patients were then
randomized to receive an injection of 10,000 units of
hCG either on that day (group A) or delayed by either
24 h (group B) or 48 h (group C). The pregnancy rates
per cycle were not statistically different among the
groups.

Tremellen and Lane [99] conducted a retrospec-
tive analysis of 1642 IVF cycles to study the effect of
advancing or delaying hCG administration by 1 day
from the ideal time for the purpose of avoiding week-
end oocyte pickups. “Ideal” timing of the hCG trigger
administration for the collection of mature oocytes was
the presence of two or more follicles >17 mm in diam-
eter, with the majority of follicles being > 14 mm.

Advancing or delaying trigger had no impact on ICSI
outcome. The authors concluded that avoidance of
weekend oocyte pickups had no detrimental effect on
IVF pregnancy outcomes.

The effect of delaying hCG administration on endo-
metrial development is still a debatable issue [14, 100].
Evidence described that endometrial biopsy taken on
the day of oocyte pickup in women administered with
hCG either as per normal protocol or with a 48-h delay
showed that endometrial development was advanced by
up to 3 days in the delayed hCG group [101].

In view of the available evidence, it could be con-
cluded that in antagonist protocol, it seems that trig-
gering oocyte maturation should be more precise (and
usually earlier) than in agonist cycles; the timing of
trigger should be when at least 3 follicles >17-18 mm
and most of the remaining cohort of follicles are pro-
portionately large follicle (> 14 mm) with consideration
of appropriate estradiol level (100—400 pg/mL/ oocyte).
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Progestin primed ovarian stimulation (PPOS) protocol

Since 2013, different progestins have been used as effec-
tive oral surrogates for preventing a premature luteiniz-
ing hormone (LH) surge in women undergoing COS. This
protocol is called the progestin-primed ovarian stimula-
tion (PPOS) protocol [100, 102, 103]. PPOS has proven
effective for patients with a normal response, diminished
ovarian reserve, polycystic ovarian syndrome (PCOS),
and high body mass index (BMI) [104, 105].

Currently, there are no specific recommended criteria
for timing of triggering final oocyte maturation in PPOS;
however, the majority of studies investigating this new
evolving protocol use dual trigger (a GnRH agonist and
different doses of hCG) [106-108], hCG trigger alone
[109], or agonist trigger alone [110]. Triggering of final
oocyte maturation was performed in most studies when
at least there are 3 follicles>17 mm and the majority of
follicles are > 14 mm [100, 102, 103, 106—110].

Influence of the state of predicted response

to conventional ovarian stimulation (Normal, poor,

or hyper-responders)

The question here “is there a need to also individualize
the timing of trigger according to the predicted pattern of
ovarian response?” or in other words, does the predicted
response to ovarian stimulation affect the trigger tim-
ing? There are only a few studies that tried to find a valid
answer to this question.

Poor responders

Individualized criteria for timing of ovulation trigger in
poor responders are not yet established. Only very few
studies tried to find out whether poor ovarian response
could impact the timing of ovulation trigger in IVF/ICSI
cycles.

Yang et al. [22] studied the effect of ovarian stimulation
duration on different IVF population categories. In poor
responder women, shorter and prolonged stimulation
duration was found insignificant in terms of pregnancy
rates.

In a similar study by Kahyaoglu et al. [111], a retrospec-
tive analysis of 3194 fresh IVF/ICSI cycles showed that
in poor responders, MII oocyte number and fertiliza-
tion rate were found to be higher with stimulation length
between 9 and 12 days. With stimulation length > 12 days,
the OPR was significantly decreased.

Aybar et al. [112] investigated if the stimulation phase
length could affect IVF outcomes in women with poor
ovarian response. They reported that the mean age in
women with delayed response (>9 days stimulation) was
significantly higher compared to women with stimula-
tion duration 6—8 days. CPR in delayed responders was
significantly lower compared to others. However, when
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adjusted for age, the number of stimulation days did not
have any significant effect on CPR and OPR.

Therefore, it was suggested that women with normal
ovarian reserve and poor responder women cannot be
judged in the same way during ovarian stimulation, con-
sidering early follicular recruitment, follicular growth
rate, endometrial receptivity, and the stimulation dura-
tions. An optimal FSH stimulation duration together
with follicular size criteria, serum estradiol, and proges-
terone levels are important parameters in determining
trigger timing to balance between oocyte maturity and
endometrial receptivity.

High responders (PCOS)

There is no absolute consensus on the best time for trig-
gering ovulation in women with PCOS [52]. To the best
of our knowledge, there are no interventional stud-
ies investigating specific criteria for the timing of final
oocyte maturation for PCOS women. There are only a
few studies investigating the effect of the duration of
ovarian stimulation in PCOS women separately.

It has been hypothesized by some authors that it
might be preferable, for example, to administer the trig-
ger earlier in high responders than in normal and poor
responders to avoid premature progesterone rise and
consequently poor outcomes [2].

As aforementioned, Ryan et al. reported that stimu-
lation longer than 13 days was not associated with
decreased ART success for women with PCOS [24, 111].

These findings came in line with the results of a meta-
analysis of 793 cycles with PCOS and 1116 matched
controls which demonstrated that the duration of stim-
ulation was 1.2 days longer in the PCOS group than in
controls [113]. In another relevant study of Lin et al. [52],
a new concept of proportion of dominant follicles (PDF)
was investigated as a valid criterion for timing of trigger
administration in PCOS women with different stimula-
tion protocols. PDF was calculated by dividing the num-
ber of >18 mm follicles/number of >10 mm follicles on
the hCG day. Cycles were divided into three sub-groups
according to PDF in the GnRH agonist long protocol
and the GnRH antagonist protocol, respectively: group
A: PDF below 20%; group B: moderate PDF between 20
and 40%; group C: PDF of more than 40%. Top-quality
embryos, implantation rate, and CPR were comparable
among the three groups. However, there was a statisti-
cally significant increase in moderate and severe ovarian
hyperstimulation syndrome (OHSS) with increased PDF.
For GnRH antagonist cycles (347/718), the number of
fertilized oocytes, available embryos, implantation rate,
CPR, and moderate and severe OHSS were comparable
between the three groups. From this study, it could be
concluded that a PDF of 20 to 40% may be recommended
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in PCOS either in GnRH agonist long protocol or GnRH
antagonist protocol in order to balance the risk of OHSS
and the clinical pregnancy.

Conclusions
According to the currently available evidence, we could
conclude that:

1. The timing of triggering of final oocyte maturation in
ICSI cycles (stimulation phase length) should be indi-
vidualized on a case-by-case basis.

2. The decision of administration of the trigger in ICSI
cycles is multifactorial and many factors should be
considered while making such decision as:

i. Leading follicles size (16—22 mm) is associated
with the optimum oocyte maturation ratio.
il. Size of the remaining cohort of follicles should
be proportionally large follicles (> 14 mm).
iii. The protocol used for ovarian stimulation:

a) For GnRH agonist protocol: most of the avail-
able evidence suggested that prolongation of
stimulation 24-48 h in agonist cycles would
result in higher oocyte yield and more mature
oocyte and in turn better outcomes.

b) For GnRH antagonist protocol: according to
the best knowledge; such a prolongation of
stimulation beyond the precise timing (crite-
ria) of trigger seems to have no added benefits
in case of poor and high responders.
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