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Abstract

Purpose To assess whether the GnRH-agonist or urinary-hCG ovulation triggers affect oocyte competence in a setting entailing
vitrified-warmed euploid blastocyst transfer.

Methods Observational study (April 2013—July 2018) including 2104 patients (1015 and 1089 in the GnRH-a and u-hCG group,
respectively) collecting >1 cumulus-oocyte-complex (COC) and undergoing ICSI with ejaculated sperm, blastocyst culture,
trophectoderm biopsy, comprehensive-chromosome-testing, and vitrified-warmed transfers at a private clinic. The primary
outcome measure was the euploid-blastocyst-rate per inseminated oocytes. The secondary outcome measure was the
maturation-rate per COCs. Also, the live-birth-rate (LBR) per transfer and the cumulative-live-birth-delivery-rate (CLBdR)
among completed cycles were investigated. All data were adjusted for confounders.

Results The generalized-linear-model adjusted for maternal age highlighted no difference in the mean euploid-blastocyst-rate per
inseminated oocytes in either group. The LBR per transfer was similar: 44% (n=403/915) and 46% (n=280/608) in GnRH-a and
hCG, respectively. On the other hand, a difference was reported regarding the CLBdR per oocyte retrieval among completed
cycles, with 42% (n=374/898) and 25% (n=258/1034) in the GnRh-a and u-hCG groups, respectively. Nevertheless, this variance
was due to a lower maternal age and higher number of inseminated oocytes in the GnRH-a group, and not imputable to the
ovulation trigger itself (multivariate-OR=1.3, 95%CI: 0.9-1.6, adjusted p-value=0.1).

Conclusion GnRH-a trigger is a valid alternative to u-hCG in freeze-all cycles, not only for patients at high risk for OHSS. Such
strategy might increase the safety and flexibility of controlled-ovarian-stimulation with no impact on oocyte competence and IVF
efficacy.
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Introduction

Throughout the years, each and every step in IVF has been
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ance by reducing the risks of complications, such as multiple
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supernumerary embryos, and the introduction of cycle seg-
mentation approach. In this scenario, final oocyte maturation
is a crucial step in controlled ovarian stimulation (COS) pro-
tocols, the latter being subject to several modifications across
the last decades.

The trigger for final oocyte maturation is administered
about 35-36 h before oocyte retrieval and it is critical for the
re-initiation and completion of the first meiotic division (from
the germinal vesicle to metaphase-II (MII) stage), as well as
for oocyte cytoplasmic maturation (synthesis and relocation of
cortical granules on the surface of the oocyte, organelle relo-
cation, and cumulus expansion/mucification) [3, 4]. The
timing of trigger administration is decided by the physician
and is based on one or more among the following parameters:
size of the growing cohort of follicles, hormonal data, COS
duration, ovarian response to COS, the past endocrinological
history of the patients, data from previous IVF cycles, the
daily workload, and the planned transfer strategy.

Two kind of ovulation induction triggers exist: human cho-
rionic gonadotrophin (hCG) and gonadotrophin-releasing hor-
mone agonist (GnRH-a) [5, 6]. HCG is a glycoprotein histor-
ically extracted from urine of pregnant women (u-hCG); how-
ever, a recombinant molecule also exists (rec-hCG). U-hCG,
utilized in the range 5000-10,000 IU, is still considered the
gold standard trigger in conventional IVF treatments.

The application of GnRH-a trigger has been first described
in the early 90s together with the introduction of GnRH an-
tagonist COS protocols [7-9]. By stimulating the pituitary
gland to secrete both endogenous LH and FSH, this molecule
represents a more physiological stimulus thanks to its rapid
activity and a shorter half-life [10—12]. Moreover, the shorter
half-life of GnRH-a minimizes the secretion of vasoactive
molecules, hence almost eradicating the risk of OHSS
[13—15]. The stimulation to the corpora lutea and the duration
of the luteal phase are reduced [16—18] as reflected by
lower levels of estradiol, progesterone, inhibin A, and
inhibin pro-«C levels [14, 16, 19, 20]. Furthermore, in
comparison to hCG, GnRH-a decreases the ovarian vol-
ume and abdominal distension.

However, GnRH-a utilization as ovulation trigger is not
recommended in the general IVF population with convention-
al luteal phase support and fresh transfer (https://www.eshre.
eu/Guidelines-and-Legal/Guidelines/Ovarian-Stimulation-in-
IVF-ICSI), while it is strongly recommended in patients
showing high response to COS, thus at risk of OHSS.
Moreover, there are studies in literature suggesting
GnRH-a utilization also in other circumstances, such
as in donor cycles [15, 21-23], in fertility preservation
[24], and in freeze-all cycles [13, 25, 26].

In literature, authors have reported a difference in oocyte
and embryo competence when using GnRH-a instead of u-
hCG trigger; the results are however contrasting [27]. These
data include mainly fresh embryo transfer cycles with
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conventional luteal phase support [28, 29]. On the other hand,
when the analysis is based on cryopreserved embryo transfers,
no difference in maturation and fertilization rates in addition
to embryo quality in day 3 has been reported in either group
receiving GnRH-a or hCG ovulation trigger [23, 30-33].

In this scenario, the aim of our study was to outline putative
differences in oocyte/embryo competence, represented by the
mean maturation, fertilization, blastulation, euploidy, and im-
plantation rates per cycle across women adopting either trig-
ger and undergoing PGT-A cycles with trophectoderm biopsy
and vitrified-warmed SETs. This setting constitutes a strength
and novelty in the investigation of the effect of the trigger on
oocyte competence. In fact, any analysis not entailing blastu-
lation, euploidy, and cumulative live birth rates should be
considered incomplete, and therefore limited to this end.

Material and methods
Study population, inclusion, and exclusion criteria

This is an observational study including 2104 consecutive
patients undergoing COS for PGT-A between April 2013
and July 2018 at a private IVF center in Rome. The two
groups under analysis were clustered according to the trigger
strategy adopted for final oocyte maturation. Specifically, ei-
ther GnRH-a (dose 0.5 ml, Suprefact, Hoechst Marion
Roussel, Germany) or u-hCG (10,000 IU of intramuscular
chorionic gonadotropin, IBSA, Switzerland) were adminis-
trated during the period under investigation. We did not in-
clude patients with symptoms of functional hypothalamic
amenorrhea. During the observational period, 31 patients (2
and 29 in the GnRH-a and u-hCG groups, respectively) did
not retrieve any cumulus oocyte complex (COC) after oocyte
retrieval, and therefore were not included in the analysis
(Supplementary Figure 1). The COS cycles where no MII-
oocyte was retrieved (n=49) were instead included to assess
the maturation rates in the two groups; however, they were not
analyzed further (Supplementary Figure 1). Azoospermia was
an exclusion criterion as this condition may per se impact
oocyte developmental competence to the blastocyst stage
[34]. The indications for PGT-A were advance maternal age
(AMA), repeated implantation failure (RIF), and/or recurrent
pregnancy lost (RPL). Patients requiring PGT because of
monogenic conditions and structural rearrangements were
not included. Approval for the retrospective analysis of these
data was obtained from the IRB of Clinica Valle Giulia.

IVF protocols and procedures
Prior to starting COS, transvaginal ultrasound and basal as-

sessment of the ovaries were performed. In all protocols, COS
starts on day 2 or day 3 of the menstrual cycle with a fixed
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dose of recombinant or urinary gonadotrophin for 4 days. The
starting dose of the medications (150-300 IU per day) was
based on female age, BMI, and ovarian reserve markers. The
COS protocol was chosen based upon patients’ characteristics
and gynecologists’ assessment [35, 36]. The pituitary suppres-
sion in all patients was performed by administering a GnRH
antagonist regimen (cetrorelix, Cetrotide, Merck-Serono;
ganirelix, Orgalutran, MSD) and the injection was performed
daily after the identification of a leading follicle with a mean
diameter >13—14 mm. Follicular growth was monitored on
day 5 and successively every 2 days. When at least two folli-
cles reached >17-18 mm in mean diameter, the trigger for
final oocyte maturation was administered either through a
subcutaneous bolus of GnRH-a or an intramuscular injection
of u-hCG, the choice depended on the patients’ characteristics,
ovarian response, and gynecologists’ overall judgement.
Oocyte retrieval was performed ~35 h after the trigger.
Oocyte retrievals conducted beyond 35 h and 30 min from
the trigger were excluded from the analysis. The procedures
for oocyte retrieval, ICSI, embryo culture, trophectoderm bi-
opsy, vitrification, and warming have been all described pre-
viously in detail [37-39]. Briefly, all embryos were cultured in
a controlled humidified atmosphere (37°C, 6% CO, and
5%0,) up to the fully expanded blastocyst stage on days 5—
7. No assisted hatching was performed on day 3.
Comprehensive chromosome testing was conducted either
via quantitative polymerase chain reaction [40] or next gener-
ation sequencing [41] at Igenomix. In both cases, only whole
chromosome meiotic aneuploidies were reported. If at least
one euploid blastocyst was identified, embryo replacement
was performed in a subsequent menstrual cycle. After
warming, only single euploid blastocyst transfers were per-
formed. Endometrial preparation and transfer procedures were
conducted in artificial or modified natural cycles as described
earlier [42].

Outcome measures and statistics

The primary outcome was the mean euploid blastocyst rate per
cohort of MII oocytes, in cycles using GnRH-a rather than u-
hCG. The main secondary outcome was the mean maturation
rate per cohort of COCs. We also investigated the intermediate
outcomes such as the mean fertilization rate per cohort of
inseminated MII oocytes, the mean blastulation rate per cohort
of zygotes, and the mean euploidy rate per cohort of biopsied
blastocysts. Shapiro-Wilk test was used to assess a normal
distribution of the continuous variables. Mann Whitney U
tests were used to assess statistically significant differences
(p<0.05). All outcomes were then adjusted for confounding
in generalized linear models and linear regression analyses.
Fisher’s exact tests were adopted to assess statistically signif-
icant difference among categorical variables (p<0.05).
Whenever required, the data were adjusted through

multivariate logistic regression analyses. For instance, this
method was adopted to assess a putative association of the
trigger strategy with (i) the risk of zero MII-oocytes collected,
and (ii) the cumulative live birth delivery rate (CLBdR) per
completed cycle (i.e., “The number of deliveries with at least
one live birth resulting from one [...] aspirated ART cycle,
including all cycles in which fresh and/or frozen embryos are
transferred, until one delivery with a live birth occurs or until
all embryos are used, whichever occurs first” as defined by
[43, 44]). All statistical analyses were conducted with SPSS
(version 19; IBM, USA).

Results

We included 2104 patients undergoing ovarian stimulation for
PGT-A between April 2013 and July 2018. Among them,
1015 (48%) used a GnRH-a while 1089 (52%) used an u-
hCG trigger. Supplementary Figure 1 displays the flowchart
of the study. The two groups analyzed (GnRH-a and u-hCG,
respectively) were similar with regard to BMI, years of infer-
tility, previous live births, previous miscarriages, previous im-
plantation failures, and main cause of infertility, except for a
higher prevalence of “endocrine-ovulatory” infertility in the
GnRH-a group (4.7% versus 1.5% among patients adopting u-
hCG, p<0.01) (Supplementary Table 1). The groups were also
similar for COS duration (10+1.5 and 9.9+1.8 days), total
dosage of medications (2732+1388 and 2816+1491 IU), and
sperm factor (normozoospermic: 47% and 51%, moderate
male factor, i.e., 1-2 defects: 36% and 34%, oligoasthenote-
ratozoospermic: 17% and 15%). Significant differences, in-
stead, were reported with respect to maternal age (38.6+3.4
years and 40.1£3.1 years in GnRH-a and u-hCG groups,
p<0.01, respectively; Supplementary Figure 2A), AMH (2.8
+1.9 ng/ml and 1.5%1.2 ng/ml, p<0.01), and basal-FSH (8.0
+3.3 TU/I versus 9.5+4.4 TU/l, p<0.01) (Supplementary
Table 1). A significant difference can also be seen in the num-
ber of follicles with a mean diameter >15 mm on the day of
trigger administration (Supplementary Figure 2B).
Specifically, as shown in Supplementary Figure 2C, the ad-
ministration of GnRH-a increased across the years from April
2013 to July 2018, especially in function of the number of
follicles with a mean diameter >15 mm on the day of trigger.
Since 2013, we have never reported severe/critical-OHSS and
almost eradicated also moderate-OHSS.

As expected, among the cycles included in this study, a
higher number of COCs were retrieved in the GnRH-a
group with respect to u-hCG (13.6+7.3 and 7.2+4.6,
p<0.01, respectively; Supplementary Figure 3). However,
the mean maturation rate per cohort of COCs was similar in
the two groups, as shown in Fig. 1 across all ranges of
maternal age (i.e., <35, 35-37, 38-40, 41-42, and >42
years). This was confirmed also through a generalized linear
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model adjusted per maternal age (p-value=0.4, partial cta-
squared=0.0004, and power=0.14) and linear regression
analyses among ranges of maternal age (Supplementary
Table 2). MII oocyte was not retrieved in 8 out of 1015
(1%) and 41 out of 1089 (3.8%) cycles after GnRH-a and
u-hCG administration, respectively. However, this risk was
not associated with the type of trigger adopted. In fact, a
logistic regression analysis corrected for maternal age and
number of follicles with a mean diameter >15 mm on the
day of trigger resulted in a multivariate-OR 0.7, 95%CI1 0.3—
1.6, p=0.4 for the use of u-hCG rather than GnRH-a.

The mean fertilization rate per cohort of inseminated MII
oocytes was 73+20% and 73+25% and the blastulation rate
per cohort of zygotes was 49+27% and 47+33%, in patients
undergoing GnRH-a and u-hCG trigger, respectively. These
results were confirmed also through generalized linear
models adjusted per maternal age (fertilization rate: p-val-
ue=0.5, partial eta-squared=0.0002, and power=0.1; blastu-
lation rate: p-value=0.9, partial eta-squared=0.000004, and
power=0.05) and linear regression analyses among ranges
of maternal age (Supplementary Table 2). The mean euploi-
dy rate per cohort of biopsied blastocysts was higher in the
GnRH-a group compared to u-hCG group (45+34% and 41
+38%) as a consequence of a lower maternal age. In fact, no
significant association was reported in a generalized linear
model adjusted per maternal age (p-value=0.2, partial eta-
squared=0.001, and power=0.23) and through linear regres-
sion analyses among ranges of maternal age
(Supplementary Table 2).
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Range of maternal age at oocyte retrieval (yr)

The results of the primary outcome under investigation
(i.e., the mean euploid blastocyst rate per cohort of inseminat-
ed MII oocytes) were different in the two groups: 17+18% and
15421% in the GnRH-a and u-hCG groups, respectively.
Again, this difference was however secondary to diverse ma-
ternal ages in the two groups. Also in this case, when the data
were adjusted for maternal age, no association in favor of one
of the two trigger strategies was reported (Fig. 2). The gener-
alized linear model adjusted for maternal age highlighted a p-
value=0.2, a partial eta-squared=0.001, and a power=0.23 re-
garding the association between the use of u-hCG trigger
(rather than GnRH-a) and the mean euploid blastocyst rate
per cohort of inseminated MII oocytes. Similarly, the linear
regression models conducted according to ranges of maternal
age confirmed an absence of significant differences (Table 1).

To date, the rate of completed cycles is 88% (n=898/1015)
and 95% (n=1034/1089) and the LBR per vitrified-warmed
single euploid blastocyst transfer was 44% (n=403/915) and
46% (n=280/608) in GnRH-a and u-hCG trigger groups, re-
spectively. Furthermore, a difference in CLBdR among com-
pleted cycles was instead reported in favor of GnRH-a
trigger utilization (n=374/898, 42% and n=258/1034,
25%) (Supplementary Table 3); however, it was due to
a lower maternal age and a higher number of MII oo-
cytes inseminated. In fact, no association between the
ovulation trigger and this critical outcome was reported
in the multivariate logistic regression analysis (increas-
ing maternal age: OR=0.78, 95%CI 0.76-0.81 and p-
value<0.01; increasing number of MII oocytes
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coefficient B + SD

of the S.E.
<35 years Discussion
Constant 26:+2%
Use of u-hCG rather than GnRH-a +2.433.3% This study comprehensively analyzes the effect of a specific
p-value p=0.5 trigger utilization (GnRH-a or u-hCG) on the competence of
35-37 years the oocytes obtained after COS, in a setting entailing aneu-
Constant 25+1% ploidy testing, vitrification, and SET. Throughout a 5-year
Use of u-hCG rather than GnRH-a +1.5£2.0% period, there was no decrease in any embryological outcome
p-value p=0.5 under investigation (i.e., oocyte maturation, fertilization, blas-
38-40 years tulation, euploidy, and CLBdR) while the use of GnRH-a
Constant 17£1% generally increased. This scenario is the consequence of a
Use of u-hCG rather than GnRH-a +2.1£1.5% widespread use of GnRH antagonist COS at our center (i.e.,
p-value p=0.2 the only protocol that allows the pituitary to remain responsive
41-42 years to GnRH-a action). Via a combined adoption of antagonist
Constant 9+1% COS and GnRH-a, we contemporarily aimed at maximizing
Use of u-hCG rather than GnRH-a +1.4£1.6% the number of competent oocytes retrieved in a single ovarian
p-value p=0.9 cycle, minimizing the duration of COS together with the total
>42 years dose of the gonadotrophins used and, most importantly,
Constant 6+1% the risk for OHSS [45]. The increasing adoption of
Use of u-hCG rather than GnRH-a 1.7+1.1% GnRH-a trigger has been supported across these years
p-value p=0.1 at our center not only by the compulsory need for a

freeze-all strategy necessary for PGT-A but also by the
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safe implementation of clinical advances, such as blas-
tocyst culture, trophectoderm biopsy, and vitrified-
warmed single euploid embryo transfer [2, 46-48].

Recently, Thorne and colleagues reported similar euploidy
rates among cycles using either GnRH-a or u-hCG triggers
[49]. Our data confirm their evidence with a more detailed
investigation, including the addition of a thorough analysis
of the patients’ population in which GnRH-a was adopted,
the prevalence of moderate-OHSS, all the intermediate em-
bryological outcomes like maturation, fertilization, and blas-
tulation rates, a larger number of cycles included (539 in
Thorne’s and 2651 in our study), and, lastly, a different kind
of GnRH-a trigger (buserelin in our study and leuprolide ace-
tate in theirs). This last point is particularly interesting since it
is still debated whether the kind and/or dose of GnRH-a may
have an effect on the clinical outcomes [50-52]. The repro-
ducibility of Thorne’s data in our clinic is therefore
reassuring. Still, as recommended also by the ESHRE
in its recent guidelines (https://www.eshre.eu/Guidelines-
and-Legal/Guidelines/Ovarian-Stimulation-in-IVF-ICSI),
future studies comparing different kinds of GnRH-a,
routes of administration (e.g., sub-cutaneous or intrana-
sal), and dose are required.

Likewise, we reported no association between the
type of trigger used and the LBR per euploid blastocyst
transfer (915 and 608 transfers performed in the GnRH-
a and u-hCG groups, respectively), as recently sug-
gested also by Makhijani and colleagues (145 and 118
transfers performed, respectively) [53]. Nonetheless,
these authors analyzed only the first transfers, without
investigating the effect of the trigger on IVF efficacy
defined as CLBdR among completed cycles. For this
reason, we included this crucial outcome in our study
and, once the data were adjusted for maternal age and
number of MII oocytes inseminated, no significant as-
sociation was reported. Yet, the populations of patients
receiving either one or the other trigger are too different
to draw any clear conclusion.

Besides its limitations, our study was not designed to de-
fine whether a trigger strategy is better compared to the other
in a given population of patients. It is rather a large retrospec-
tive survey of real-life data aimed at assessing whether the
competence of the gametes retrieved was affected by the use
of GnRH-a trigger rather than u-hCG. In this context, our data
must be considered observational and future randomized con-
trolled trials in identical populations of patients are encour-
aged. As a matter of fact, though, this analysis testifies how an
increasing implementation of GnRH-a trigger across 5 years
reported an absence of moderate-OHSS without any impact
on IVF efficacy and efficiency. Future analyses not only lim-
ited to blastocyst culture, PGT-A, and freeze-all setting are
needed. For instance, the use of GnRH-a trigger associated
with protocols rescuing the luteal phase has been suggested
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to permit fresh embryo transfer strategies [54, 55], a possibil-
ity that deserves detailed investigations.

Poor responder patients, although representing a peculiar
category of women, were not excluded from this investigation
mainly for two reasons: (i) a putative impact of the trigger
adopted on oocyte competence might be even more detrimen-
tal for them in view of the lower number of eggs collected, (ii)
normally GnRH-a is not indicated unless the clinician wants to
keep the option open for a double stimulation in the same
ovarian cycle (DuoStim), an intriguing possibility that de-
serves valuable further insights.

Another downside of our study is the absence of hormonal
assessment during COS, which is not common practice at our
center. However, this is in line with the ESHRE guidelines
that do not suggest a routine monitoring of LH and estradiol
levels during COS since such evaluation might not involve a
higher safety nor efficacy compared to ultrasound monitoring
alone (https://www.eshre.eu/Guidelines-and-Legal/
Guidelines/Ovarian-Stimulation-in-IVF-ICSTI).

Future studies specifically conducted in patients
showing oligomenorrhea, pituitary dysfunction, or alter-
ations of basal hormone assessment (FSH, LH, and es-
tradiol) are desirable. In fact, these women were not
included here since GnRH-a in this population is not
advisable [56].

Lastly, this analysis entails only u-hCG, without rec-hCG
trigger. Nevertheless, the urinary and the recombinant forms
of the molecule are equally recommended from the ESHRE
(https://www.eshre.eu/Guidelines-and-Legal/Guidelines/
Ovarian-Stimulation-in-IVF-ICSI) as some studies reported
the absence of difference among them in terms of IVF
outcomes [57, 58].

Conclusion

This observational study portrays our 5-year real-life experi-
ence with an increased utilization of GnRH-a trigger, in a
clinical setting that entails blastocyst culture, trophectoderm
biopsy, and vitrified-warmed euploid SET. Once comparing
the use of GnRH-a to u-hCG trigger among different ranges of
maternal age, similar results were reported in regard of em-
bryological outcomes per cohort of COCs retrieved and MII
oocytes inseminated. Furthermore, when adjusted for mater-
nal age and number of MII oocytes inseminated, no significant
difference has been reported in the probability of obtaining a
chromosomally normal live birth after IVF in either group
receiving GnRh-a or u-hCG ovulation trigger. In conclusion,
this study supports the fact that GnRH-a trigger is a valid
alternative to u-hCG in freeze-all cycles not only for patients
at high risk for OHSS (e.g., PGT, oocyte donation, fertility
preservation).
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