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Introduction

Ovarian stimulation with FSH, combined with 
GnRH agonist and triggered with hCG is a standard 
procedure in in vitro fertilization (IVF) and intra 
cytoplasmic sperm injection (ICSI) (Albano et al., 
1998; Devroey et al., 2009; Kolibianakis et al., 
2004). In the last decade the use of GnRH antagonists 
for down regulation has become more popular. It 
has been demonstrated before that the triggering for 
final oocyte maturation by hCG can be replaced by 
GnRH agonist (Gonen et al., 1990; Griesinger et al., 
2007; Humaidan et al., 2009; Humaidan, 2011; 
Shapiro et al., 2011; Imbar et al., 2012). In several 
randomized controlled trials it was demonstrated 
that the number of cumulus oocyte complexes 

(COCs) was certainly not lower and even higher in 
patients triggered by either GnRH agonist or hCG 
(Humaidan et al., 2005).

In spontaneous cycles FSH and LH show a 
midcycle surge. However, if hCG is used for 
triggering final oocyte maturation, FSH and LH 
concentrations do not rise and oocyte maturation 
relies entirely on the LH activity of hCG (Kol and 
Humaidan, 2010; Kyrou et al., 2011). 

On the other hand, GnRH agonist triggering of 
final oocyte maturation mimics the naturally 
occurring surge of gonadotropin hormones (Gonen 
et al., 1990). This strategy will initiate a flare-up of 
both FSH and LH (Kol and Humaidan, 2013). 
However the mechanism of the additional FSH 
effect on the periovulatory hormonal changes 
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Abstract 

A prospective randomized controlled trial comparing two groups of ICSI (intra-cytoplasmatic sperm injection) 
patients with a different form of triggering the final oocyte maturation has been performed. All patients received 
an ovarian stimulation for in vitro fertilisation (IVF) using an antagonist protocol using recombinant-FSH  
(rec-FSH) and Ganirelix. 120 Patients were randomized into two groups with similar clinical parameters. The first 
group had triggering with hCG, whereas the second group received a combination of hCG + GnRH agonist 
(Gonadotropin Releasing Hormone). As the primary endpoint, the number of metaphase II oocytes were analysed, 
the secondary endpoints were the number of cumulus oocyte complexes (COC), the number of fertilized oocytes, 
embryo morphology, pregnancy rate and the number of cryopreserved embryos. The mean number of MII oocytes 
in the hCG triggered group was 9.2 compared with 10.3 in the hCG-GnRH agonist group. There was no statistically 
significant difference in the number of COCs or pregnancy rates. However, the number of patients who received at 
least one embryo of excellent quality was significantly higher (p = 0.001) in the group with the combined triggering 
(45 out of 61 patients or 73.8%) versus the group with hCG triggering alone (28 out of 59 patients or 47.5%). The 
number of cryopreserved embryos was also higher in this group.

Key words: Dual triggering, final oocyte maturation, FSH surge, GnRH agonist triggering, hCG triggering, GnRH 
antagonist, IVF, ICSI.
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The study was registered at EudraCT in 
November 2011, and also at clinicalstudies.gov in 
November 2011. This second registration was 
reinstored in 2012 because of the replacement of the 
study coordinator. Institutional Review Board 
approval was obtained. Patient recruitment started 
in November 2011 and the last patient was 
randomized in September 2013. The cycle results 
were available in November 2013. 

Ovarian stimulation was performed using a 
starting dose of 200 IU of recombinant FSH 
(Puregon®, MSD, Brussels, Belgium) for all 
patients. Suppression of endogenous LH was 
performed by using 0.25 mg GnRH antagonist 
(Orgalutran®, MSD, Brussels, Belgium) from day 
six of FSH stimulation onwards. On day 7 of the 
stimulation an ultrasonic evaluation of the number 
and size of ovarian effect follicles was performed 
and the dose of recombinant FSH was adapted 
according to the individual reaction of the patient. 
Further ultrasonic and hormonal analysis followed 
every two days. Triggering of final oocyte 
maturation was performed as soon as three follicles 
of > = 17 mm diameter were present by either 
injecting 5000IU of hCG (Pregnyl®, MSD, Brussels, 
Belgium) or a combination of 0.2 mg GnRH agonist 
triptorelin-acetate (Gonapeptyl®, Ferring, Aalst, 
Belgium) plus 5000IU of hCG (Pregnyl®, MSD, 
Brussels, Belgium) concomitantly (Kolibianakis et 
al., 2004; Kyrou et al., 2011; Polyzos et al., 2012). 

Serum oestradiol, progesterone, LH and FSH 
were measured at day two of the menstrual cycle 
before initiation of stimulation, on the day of 
triggering final oocyte maturation, on day one after 
triggering, on day two after triggering (day of oocyte 
retrieval), on day five after triggering (day of 
embryo replacement) and on day eight after 
triggering.

Thirty-six hours after triggering oocyte retrieval 
was performed by ultrasound guided vaginal follicle 
aspiration (Hoff et al., 1983; Morley et al., 2012). 
The luteal phase support was started after egg 
retrieval by vaginal administration of 200 mg 
micronized progesterone three times daily 
(Utrogestan®, Besins, Brussels, Belgium) (Germond 
et al., 2002). The number COCs was registered 
before being decumulated and the number of MII 
oocytes was analysed. ICSI was applied to all MII 
oocytes (Palermo et al., 1992). In accordance with 
the Belgian legislation, one or two embryos were 
replaced on day three after egg retrieval (Gordts et 
al., 2005; Ombelet et al., 2005). Supernumerary 
embryos of excellent quality were cryopreserved 
(slow freezing protocol) immediately after the fresh 
transfer (day three after oocyte collection). Embryos 
of excellent quality which met the following criteria: 

requires further investigation (Griffin et al., 2012; 
Humaidan, 2012; Humaidan et al., 2012; Kummer 
et al., 2013; Segal and Casper, 1992).

In this study we aim to investigate the role of the 
GnRH agonist induced FSH surge on the number of 
metaphase II (MII) oocytes. It could be expected 
that improved embryo quality would be obtained 
because of the mimicking of the natural mid cycle 
endocrinology. This phenomenon was investigated 
by comparing hCG triggering versus GnRH agonist 
combined with hCG triggering of final oocyte 
maturation in patients undergoing ICSI in a 
prospective randomized controlled trial (Palermo et 
al., 1992). The choice for dual triggering in the 
second group was initiated by the negative effect on 
implantation by the induction of final oocyte 
maturation by GnRH agonist alone (Kol and 
Humaidan, 2013).

Materials and Methods

The current randomized controlled trial was 
performed at the IVF centre of the hospital Jan 
Palfijn, Gent between November 2011 and 
September 2013. The inclusion criteria were tubal 
or male infertility, BMI < 32, age ≤ 38 years, 
absence of major endocrinologal pathology, first, 
second and third IVF cycle. Exclusion was made for 
couples with azospermia and patients with female 
uterine abnormalities and major endocrinological 
disorders including PCOS. Patients with ovarian 
endometriotic cysts were also excluded from the 
study. Recruitment took place at the first visit. 
Patients willing to participate, and meeting the 
inclusion and exclusion criteria were, after signing 
the informed consent form, randomized in two 
groups. Group A was assigned to the hCG triggering 
alone, whereas group B received the dual triggering. 
The randomization was performed by the study 
coordinator through a computer generated random 
number list. A statistician who was not involved in 
the recruitment or follow up of the patients 
performed the statistical analysis.

Since the primary endpoint was the number of 
metaphase II (MII) oocytes, sample size calculation 
was performed in order to detect a difference in the 
mean number of MII oocytes between the two 
groups, one (oocyte) with a power of 80%, tested by 
means of a t-test, and the two-sided at 5% 
significance level and standard deviation estimated 
at two. According to this power calculation 120 
patients were needed to be randomized in two 
groups: 59 patients were assigned to group A (hCG 
triggering alone) and 61 patients were assigned to 
group B (dual triggering group).
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embryos transferred in both groups was similar. 
There was no statistical difference in the number of 
patients that received a single or double embryo 
transfer (SET or DET). 

As shown in Table II, no significant differences 
were observed between the groups compared 
regarding the number of MII oocytes, the number of 
COCs, the number of fertilized oocytes (2PN) and 
the number of cryopreserved embryos. The number 
of patients with surplus embryos for cryopreservation 
was 35.6% (21/59) in group A and 54.1% (33/61) in 
the group with dual triggering (P = 0.04). In the 
group with hCG triggering alone (group A) 47.5% 
(28/59) of patients did have at least one embryo of 
excellent embryological morphology, as compared 
with 73.8% (45/61) in the group with dual triggering 
(group B) (P = 0.001) (Table II). 

No significant difference was observed in the 
implantation rate between the two groups (Table 
III). In group A (hCG) the implantation rate was 
34% (28/82) whereas in group B (hCG + agonist) 
the implantation rate was 22% (19/86). Finally 26 
out of 59 (44.1%) patients became pregnant in the 
group with hCG triggering alone and 19 out of 61 
(33.1%) in the group with the hCG combined with 
GnRH agonist triggering.

To date 36 patients had frozen embryos 
transferred after thawing, 12 in group A and 24 in 
group B, leading to one (8.3%) and five (20.8%) 
pregnancies respectively. The combination of fresh 
embryo transfer with frozen/thawed embryo 
replacement brought the total pregnancy rate in 
group A to 27/59 (45.8%) whereas group B (dual 
triggering) achieved 24/61 pregnancies (39.3%).

In Figure 1 a graphical display of the evolution of 
the hormones following triggering of final oocyte 
maturation was made. There were no differences 
between the hCG and the GnRH agonist-hCG 
groups in terms of oestradiol (E2) and progesterone 

7 or 8-cell stage at day three after fertilization, less 
than 10% fragmentation and homogenous blasto
meres. According to the study protocol all embryo 
transfers were performed on day three after oocyte 
retrieval. Thirteen days after embryo transfer hCG 
and progesterone were measured. In case of positive 
hCG the vaginal administration of 600 mg 
micronized progesterone was continued until 
12 weeks of pregnancy. If hCG serum test was 
positive, an ultrasound confirmation of the 
pregnancy was performed 23 days after embryo 
transfer.

At the end of the treatment cycle we recorded in 
each patient the number of mature oocytes (MII), 
cumulus oocyte complexes, fertilized oocytes 
(2PN), excellent quality embryos and cryopreserved 
embryos. Hormonal evolution over the treatment 
cycle was analysed.

Comparison of continuous variables was 
performed using t-test and for comparing distribution 
of categorical variables, a Fisher Exact was used. 
For the analysis of the cycle ranking Pearson Chi2 

and Mantel-HaenszelChi2 were used. All tests were 
performed two-sided at 5% significance level. For 
statistical analysis of hormone profiles over time a 
mixed modelling approach was used, assessing the 
correlation between measurements within the same 
subject.

Results

Analysis of the covariates age, body mass index 
(BMI), basal FSH level, basal progesterone level, 
total dose of recombinant FSH administered during 
the stimulation, the number of days of stimulation 
as well as the cycle ranking did not demonstrate any 
differences between the groups compared, nor did 
the mean number of transferred embryos show any 
difference as shown in Table I. The mean number of 

Table I. — Basal patient characteristics and ovarian stimulation parameters between patients triggered with hCG and those 
triggered by GnRH agonist + hCG.

Group A
hCG triggering

Group B
Dual triggering

P-value

Age (y) (mean + SD) 30.5 ± 4.1 30.0 ± 3.6 NS 
BMI (kg/m2)  (mean + SD) 23.5 ± 5.1 23.8 ± 4.6 NS 
Basal FSH level (IU/L)(mean + SD) 7.5 ± 2.3 6.9 ± 3.4 NS 
Basal progesterone level (ng/mL) (mean + SD) 0.7 ± 0.3 0.8 ± 0.6 NS 
Total recFSH dose (IU)(mean + SD) 2 006 ± 457 2 083 ± 590 NS 
Duration of stimulation (days) (mean + SD) 11.4 ± 1.7 11.7 ± 2.1 NS 
Cycle ranking (mean + SD) 1.47 ± 0.65 1.67 ± 0.76 NS
Max E2 value (mean + SD) 2207.78 ± 173.71 2164.57 ± 262.13 NS
Single embryo transfer / dual embryo transfer 34/25 29/28 NS
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question as to whether there is a difference between 
triggering with hCG alone and triggering with the 
combination of GnRH analogues in collaboration 
with hCG in terms of number and quality of oocytes, 
embryological and clinical outcome and hormonal 
profiles. Concerning the hormonal curves it has 
been noted that there was no difference in the 
comparison of hormone evolution over time 
between both groups for both the oestradiol and 
progesterone levels in the luteal phase. However 
there was a significantly higher level of LH 
immediately after triggering in the combination 
group. Also the induction of a distinct and significant 
additional FSH surge has been observed in all 
patients of the group in which dual triggering took 
place. As far as the primary endpoint is concerned, 
there was no significant difference in the number of 
MII oocytes, neither was there a difference in the 
number of COCs or in the number of 2PN oocytes. 
However, as could be expected from the literature 
(Lin et al., 2013; Schachter et al., 2008) there was a 
significantly higher number of patients with at least 
one embryo of excellent quality in patients who 
were triggered by a combination of GnRH agonist 
and hCG.

In the same group, there was also a significantly 
higher number of patients with frozen embryos and 
more embryos frozen per patient. In group II, 132 
embryos were frozen versus 91 in group I (2.2 
versus 1.5 per patient).

The pregnancy rate in the dual triggering group 
was lower than that obtained in the group triggered 
by hCG alone, despite the fact that the number of 
good quality embryos was significantly lower in the 

following triggering of final oocyte maturation. 
However, the FSH curve showed a more distinct 
surge after administration of GnRH agonist in the 
group with combined triggering. The FSH levels 
remain at a higher level for a longer period after 
combined triggering. There is no LH surge in the 
group of hCG triggering whereas a clear and very 
explicit LH-peak can be observed in the group with 
combined triggering. 

No OHSS was diagnosed in the study population, 
either in the group with hCG triggering, or in the 
dual triggering group. 

Discussion 

Both groups in the current study were comparable 
regarding female age, BMI, basal FSH, basal 
progesterone, total dose of recombinant FSH needed 
and the number of days required for stimulation. 

So far it has been demonstrated that the 
administration of GnRH analogues for final 
maturation of oocytes after stimulation with 
recombinant FSH in combination with suppression 
of the LH surge by GnRH antagonists is a valuable 
alternative for classical hCG-triggering (Griesinger 
et al., 2006; Humaidan et al., 2005, 2009; Humaidan, 
2010; Itskovitz et al., 1991; Kol et al., 2011; Kol 
and Humaidan, 2013). However, simultaneous 
administration of 5000 IUhCG (normal triggering 
dose) and GnRH agonists for triggering the final 
maturation of the oocytes has only been studied in a 
limited number of studies (Schachter et al., 2008; 
Lin et al., 2013). The present randomized trial is a 
prospective study dealing with the specific research 

Table II. — Embryological parameters between patients triggered with hCG and those triggered with GnRH agonist + hCG.

Group A
hCG triggering

Group B
Dual triggering

P-value

MII oocytes (mean + SD) 9.2 ± 6.7 10.3 ± 6.8 NS 
Cumulus Oocyte Complexes  (mean + SD) 12.0 ± 7.2 13.9 ± 8.7 NS 
2PN oocytes (mean + SD) 6.0 ± 4.5 7.4 ± 5.2 NS 
Cryopreserved embryos  (mean + SD) 1.5 ± 2.9 2.2 ± 2.9 NS 
Patients with at least one top quality embryo 28/59 ( 47.5%) 45/61 (73.8%) 0.001
Patients with embryos for  cryopreservation 21/59 (35.6%) 33/61 (54.1%) 0.04

Table III. — Comparison of clinical outcome.

Endpoint Group A
hCG triggering

Group B
Dual triggering

P-value

Implantation rate (mean number of foetal sacs per 
embryo transferred)

28/82 (34%) 19/86 (22%) NS

On-going Pregnancy rate 26/59 (44.1%) 19/61 (31.1%) NS
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(Galindo et al., 2009; Griesinger et al., 2007, 2011; 
Groenewoud et al., 2012). In case of an egg donation 
program in which all oocytes are vitrified for 
subsequent use, the combined triggering as used in 
the current study might be advantageous considering 
the increase in number of good quality embryos 
(Griesinger et al., 2006). However, it should be 
noted that such a strategy is only acceptable if there 
is no risk for OHSS (Engmann et al., 2008; Devroey 
et al., 2011; DiLuigi et al., 2010).

Notwithstanding the higher incidence of good 
quality embryos after dual triggering, a similar on-
going pregnancy rate was observed; future 
randomized trials are still needed to assess the effect 
of the observed increase in embryo quality on 
pregnancy rate.

Our data corroborates the findings of Fatemi et al. 
(2010) concerning spontaneous LH surge and hCG 

hCG-only triggered group. The reason for this 
discrepancy – better embryo-quality yet lower 
pregnancy rate – is still unclear. A possible 
explanation could be a negative effect on the 
endometrial receptivity, induced by the higher LH 
levels and the additional FSH surge. Further 
research is required to analyse these effects.

Since the combination of hCG and GnRH agonist 
for triggering appears to have a beneficial effect on 
embryo morphology, there might be an opportunity 
for this strategy for final oocyte maturation i.e. 
especially in patients with repeated poor embryo 
morphology although a potentially negative effect 
of this dual triggering on implantation cannot be 
excluded (Fanchin et al., 2001). Therefore 
vitrification of all oocytes and embryos obtained 
and replacement of the frozen/thawed embryos in a 
natural or artificial cycle might be considered 

Fig. 1. — Graphic display of the evolution of FSH, LH, Estradiol and progesterone levels following triggering of final oocyte 
maturation (blue line: hCG group, red line: dual triggering group).
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