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Abstract 
Background: This study compared outcomes of the standard 6000 IU human chorionic gonadotropin (hCG) trigger 
with a dual trigger comprised of 6000 IU hCG and 1 mg leuprolide acetate for final oocyte maturation in an intracyto-
plasmic sperm injection (ICSI) cycle. By convention, ICSI was performed in most cases at the clinic.

Materials and Methods: In this retrospective study, a total of 50 women were included in each arm. Participants 
were matched for age, indication and number of prior assisted reproduction technology (ART) cycles. Women at risk 
for ovarian hyperstimulation syndrome (OHSS) were excluded. A flexible gonadotropin releasing hormone (GnRH) 
antagonist protocol was used and final oocyte maturation was triggered when two leading follicles were >17 mm. 
Distribution of variables was evaluated visually with histograms. Continuous variables were defined by mean (stand-
ard deviation) or median (25th-75th percentile) depending on distribution characteristics. Categorical variables were 
defined by numbers and percentages. Continuous variables were compared between the groups with the t test or 
Mann-Whitney U test as appropriate. Categorical variables were compared by the chi-square test and its derivatives 
as appropriate. A two-sided P<0.05 indicated statistical significance.

Results: Both groups had similar antral follicle counts, median parity (0) and number of previous failed cycles (0). 
The median number of oocytes (8 vs. 7), metaphase-two oocytes (6 vs. 5.5), blastocysts (1 vs. 1), clinical pregnancy 
rates (CPR) (28% vs. 22%), ongoing pregnancy rates (OPR) (22% vs. 20%) and pregnancy rate per transfer (53.3% 
vs 53.8%) were similar between the dual trigger and hCG only groups, respectively. 

Conclusion: Dual trigger for oocyte maturation stimulation failed to improve the ICSI outcome.
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Introduction
Ovarian stimulation for assisted reproduction technol-

ogy (ART) has three components: induction of multi-
follicular growth with gonadotropins, suppression of 
luteinizing hormone (LH) surge to prevent ovulation 
before egg retrieval and replacing the suppressed LH ac-
tivity to induce oocyte maturation, which is also known 
as triggering. It is believed that the mode of triggering 
has a significant impact on the efficacy and safety of the 
ART treatment (1).

Human chorionic gonadotropin (hCG) is the tradi-
tional agent used to trigger oocyte maturation. Similar-

ity between the beta subunits of LH and hCG molecules 
enable the latter to stimulate LH receptors on granulosa 
cells. However, the half-life of hCG is longer than LH 
and it induces longer stimulation of multiple corpora lu-
tea following oocyte retrieval. This is associated with 
an increased risk of ovarian hyperstimulation syndrome 
(OHSS), a major risk of ovarian stimulation (2-6).

A single bolus of a gonadotropin releasing hormone 
agonist (GnRH-a) also induces an endogenous LH 
surge. The short duration of the GnRH-a induced LH 
surge leads to luteolysis and significantly decreases the 
risk of OHSS. However, luteolysis is associated with 
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decreased pregnancy and increased miscarriage rates 
following fresh embryo transfer in GnRH-a triggered 
cycles (7-10).

The addition of a small dose of hCG for luteal phase 
support restores clinical outcome to some extent, but 
may increase the risk of OHSS, which justifies trigger-
ing without hCG in women at risk for OHSS (11).

Another suggested advantage of GnRH-a is the in-
duction of an endogenous follicle stimulating hormone 
(FSH) surge simultaneous with the LH surge. The use 
of a GnRH-a to induce both endogenous LH and FSH 
surges, and hCG trigger simultaneously known as the 
“dual trigger”, has been suggested to improve ART out-
comes (12-15).

It is suggested that addition of a GnRH agonist to the hCG 
trigger in women with low ovarian reserve could improve 
the in vitro fertilisation (IVF) outcome (16, 17). However, 
whether the dual trigger is beneficial over the traditional 
hCG trigger for the common ART patient is uncertain.

The present study aims to compare the laboratory and 
clinical outcomes of standard dose hCG trigger with a 
dual trigger of hCG and 1 mg leuprolide acetate.

Materials and Methods
The Koc University Clinical Research Ethics Com-

mittee, Istanbul, Turkey approved the protocol of this 
retrospective cohort study (2019.269.IRB1.049). All the 
patients had signed an informed consent for study par-
ticipation. 

Between January 2018 and September 2018, all wom-
en who planned to undergo egg retrieval for IVF/intra-
cytoplasmic sperm injection (IVF/ICSI) at the Koc Uni-
versity Assisted Reproduction Centre, except for those 
at high risk for OHSS, were given the dual trigger in 
the context of another study on granulosa cell function. 
These patients constituted the dual trigger group. Wom-
en who received only the recombinant hCG (rhCG) trig-
ger within three months immediately before and three 
months immediately after the dual trigger period con-
stituted the hCG group. The authors were blinded to the 
pregnancy outcomes at the time of matching.

The dual trigger consisted of 1 mg leuprolide acetate 
(Lucrin Daily, Abbott, USA, equivalent to 0.1 mg Deca-
peptyle) and 250 mcg (6000 IU) rhCG (Ovitrelle, Mer-
ck, Germany), while the conventional trigger was 250 
mcg (6000 IU) rhCG.

Women >45 years of age and with a history of recur-
rent pregnancy loss were excluded.

Gonadotropins were started on the 2nd or 3rd day of 
the patient’s menstrual cycle after ruling out ovar-
ian or endometrial pathology by a transvaginal ul-
trasound (TVUS) scan. The starting (rFSH) (Gonal 
F, Merck, Germany) dosage ranged between 225 and 
300 IU/day, according to ovarian reserve and body 
weight. Ovarian response to gonadotropins was eval-

uated by TVUS and serum oestradiol levels on the 
5th or 6th day of stimulation and every 1-3 days after-
wards, based on clinical judgment. Daily administra-
tion of 25 mg GnRH antagonist (Cetrotide, Merck 
KGaA, Germany) was started when the leading folli-
cle diameter reached 14 mm or serum oestradiol lev-
el exceeded 200 ng/ml. Final oocyte maturation was 
triggered when two leading follicles were >17 mm. 
Transvaginal egg retrieval was performed 36 hours 
after the trigger. Conventional ICSI was carried out 
and all embryos were cultured until the blastocyst 
stage. Luteal phase support with 90 mg vaginal mi-
cronized progesterone gel twice a day (Crinone 8%, 
Merck, Germany) was started on the evening of egg 
retrieval and continued until a negative pregnancy 
test or the 6th week of gestation.

Clinical pregnancy was defined as visualization 
of a gestational sac with a foetal heart beat by ultra-
sound at 6-7 weeks after embryo transfer. Ongoing 
pregnancy was defined as a pregnancy that proceeded 
beyond the 20th gestational week. Oocyte maturation 
rate referred to the proportion of metaphase II (MII) 
oocytes to all collected oocytes per cycle. Implanta-
tion rate (IR) was calculated per cycle as the number 
of embryos with heart beat divided by the number of 
blastocysts transferred.

Statistical analysis

Continuous variables were defined with mean (stand-
ard deviation) or median (25th-75th percentile), and were 
compared between the groups with the t test or Mann-
Whitney U test depending on distribution characteristics. 
Categorical variables were defined with numbers and per-
centages, and were compared between the groups with the 
chi-square test and its derivatives as appropriate. P<0.05 
were considered statistically significant.

Results
The study included 50 women in each group. Baseline 

characteristics of both groups were similar (Table 1). 
As shown in Table 2, the median number of oocytes col-

lected (8 vs. 7, P=0.33), MII oocytes (6 vs. 5.5, P=0.41), 
blastocysts (1 in both groups), fertilisation (70% vs. 77%) 
and blastulation (30% vs. 28%) rates were similar in the 
dual trigger and hCG groups, respectively. 

Fresh embryo transfer was performed in 30 out of 50 
(60%) women in the dual trigger group and in 26 out of 
50 (52%) women in the hCG group (P=0.43). Clinical 
pregnancy rate (CPR, 28% vs. 22%, P=0.49) and on-
going pregnancy rate (OPR, 22% vs. 20% P=0.63) per 
woman were similar in the dual and hCG trigger groups, 
respectively. Pregnancy rate per transfer was 53.3% 
in the dual group and 53.8% in the hCG trigger group 
(P=0.96). CPR per transfer was 46.7% in the dual group 
and 42.3% in the hCG group (P=0.74). Both groups 
had a miscarriage rate of 8% and there were no cases of 
OHSS during the course of the study.
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Table 1: Baseline characteristics of women in the dual trigger and hCG only groups

Baseline characteristics Dual trigger (n=50) hCG only (n=50) P value
Age (Y) 33 (29-38) 33.5 (30-38) 0.90
Parity 0 (0-0) 0 (0-0) 0.18
Number of previous miscarriages 0 (0-0) 0 (0-0) 0.71
Number of previous failed IVF cycles 0 (0-1) 0 (0-1) 0.46
Duration of infertility (Y) 2 (1.5-4) 2.5 (2-4) 0.22
Cause of infertility 0.36
   Ovulatory disorder 2 2
   Low ovarian reserve 14 10
   Tubal factor 2 2
   Endometriosis 3 3
Male factor 13 8
Unexplained 10 20
Secondary infertility 6 5
Body mass index (kg/m2) 23.7 (22.1-26.5) 23.1 (20.4-26-6) 0.34
Antral follicle count 11.5 (5.7-17.2) 8 (5-12) 0.13
Oestradiol level on  trigger day (pg/ml) 1188 (678.8-1842.8) 1103 (780.8-1690) 0.61
Progesterone level on trigger day (ng/ml) 0.50 (0.25-0.63) 0.42 (0.29-0.70) 0.71
LH level at trigger day 2.6 (1.55-4.1) 3.5 (1.47-6.97) 0.34
Endometrial thickness (mm) 10 (7.9-11.8) 9.9 (8.5-11.9) 0.75
Gonadotropin starting dose (IU) 300 (281.2-300) 300 (300-300) 0.34
Total dose of gonadotropin 2329 (1950-2700) 2400 (2100-2944) 0.22
Duration of gonadotropin (days) 8 (7-10) 8 (8-10) 0.15

All values are median (25th-75th percentile). hCG; Human chorionic gonadotropin, IVF; In vitro fertilisation, and LH; Luteinizing hormone

Table 2: Comparison of outcomes between the dual trigger and hCG only groups

Outcome Dual trigger (n=50) hCG only (n=50) P value
Number of oocytes* 8 (4.75-8) 7 (4.75-10) 0.33
Number of MII oocytes* 6 (3-6) 5.5 (3-9) 0.41
Oocyte maturation rate* 0.80 0.75 0.90
Number of two pronuclear fertilised oocytes* 4 (2-4) 4 (2-7) 0.72
Fertilisation rate 0.70 0.77 0.47
Number of blastocysts* 1 (0-1) 1 (0-3) 0.77
Blastulation rate 0.30 0.28 0.33
Number of embryos transferred* 1 (0-1) 1 (0-1) 0.39
Number of frozen embryos* 1 (0-1) 0 (0-2) 0.92
Positive pregnancy test (pregnancy rate) 16/50 (32%) 14/50 (28%) 0.66
Pregnancy pate per transfer 16/30 (53.3%) 14/26 (53.8%) 0.96
CPR 14/50 (28%) 11/50 (22%) 0.49
CPR per transfer 14/30 (46.7%) 11/26 (42.3%) 0.74
IR 14/33 (42.4%) 11/28 (39.2%) 0.56
Number of miscarriages 4/50 (8%) 4/50 (8%) 0.64
LBR 11/50 (22%) 10/50 (20%) 0.80
LBR per transfer 11/30 (36.6%) 10/26 (38.4%) 0.42

*; Values are median (25th-75th percentile), hCG; Human chorionic gonadotropin, CPR; Clinical pregnancy rate, MII; Metaphase II, IR; Implantation rate, and LBR; Live birth rate.
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Fresh embryo transfer was performed in 30 out of 50 (60%) 
women in the dual trigger group and in 26 out of 50 (52%) 
women in the hCG group (P=0.43). Clinical pregnancy rate 
(CPR, 28% vs. 22%, P=0.49) and ongoing pregnancy rate 
(OPR, 22% vs. 20% P=0.63) per woman were similar in the 
dual and hCG trigger groups, respectively. Pregnancy rate 
per transfer was 53.3% in the dual group and 53.8% in the 
hCG trigger group (P=0.96). CPR per transfer was 46.7% 
in the dual group and 42.3% in the hCG group (P=0.74). 
Both groups had a miscarriage rate of 8% and there were no 
cases of OHSS during the course of the study.

Discussion
In our study, universal use of dual trigger did not seem 

to provide any benefit regarding oocyte yield oocyte 
maturation, fertilisation, blastulation, implantation or CPR/
OPR compared to the hCG only trigger. However, the small 
number of samples is the shortcoming of this study. 

Effectiveness of dual triggering compared to hCG 
only or GnRH a only triggering has been investigated in 
a number of studies that vary greatly in design, methods 
and outcomes. Two randomised clinical trials (RCT) 
studied the effect of dual trigger in normo-responders. In 
the first one, Decleer et al. (18) studied 120 women <38 
years of age who did not have polycystic ovarian syndrome 
or endometriosis. The mean number of retrieved oocytes 
were similar between the dual trigger (5000 IU hCG and 
0.2 mg triptorelin acetate) and 5000 IU hCG trigger alone 
groups, respectively. The shortcoming of their study was 
the focus on day-3 embryos that had excellent quality. 
This subjective perception of excellence did not translate 
into better clinical outcomes as IR and OPR did not meet 
statistical significance between the dual trigger and hCG 
only groups. Moreover, day-3 embryo quality could be 
a poor predictor of blastulation, and the number of good 
quality day-3 embryos is a questionable outcome measure 
(19-21). 

Eftekhar et al. (22) randomized 192 normal responders to 
receive dual trigger or hCG only trigger. Although the mean 
number of oocytes (10.85 vs. 9.35) and embryos (6.86 vs. 
5.34) were statistically higher in the dual trigger compared 
to the hCG only group, there were no significant differences 
between implantation or CPR between the dual trigger and 
hCG only groups, respectively. In another RCT, Kim et al. 
(23) compared dual trigger and hCG trigger alone for 60 
women in each group. They observed that although the 
number of oocytes retrieved, fertilised oocytes and good 
quality embryos were similar in both groups, embryo IR 
(24.7% vs. 14.9%), CPR per cycle (53.3% vs. 33.3%) and 
live birth rate (LBR) (50.0% vs. 30.0%) were significantly 
higher in the dual trigger group compared to the hCG 
only group, respectively. They concluded that combined 
administration of GnRH a with rhCG might be beneficial 
in improving endometrial receptivity and pregnancy rates 
in GnRH antagonist cycles for IVF.

Ding et al. (24) conducted a systemic review and meta-
analysis to investigate the efficacy of dual trigger compared 

to hCG alone. In their four eligible RCTs that included 527 
women, they concluded that dual trigger was equivalent 
to hCG in triggering oocyte maturation and may be 
beneficial in improving reproductive outcomes; however, 
they emphasized that further intensive RCTs are needed to 
investigate the efficacy of dual trigger. 

Lin et al. (25) retrospectively compared the hCG only 
trigger and dual trigger in 376 normo-responder women, 
and reported that dual trigger significantly improved LBR. 
In another study, they evaluated the outcome of dual trigger 
in 427 cycles with fresh embryo transfer in patients with 
diminished ovarian reserve (antral follicle count of <5 
or serum AMH level of <1.1 ng/ml) (17). They reported 
significantly higher fertilisation rate, clinical pregnancy and 
LBR with dual trigger compared to hCG only triggering.

Schachter et al. (26) examined the effect of dual trigger 
in a RCT of 200 cycles in women with history of at least 
one failed IVF/ICSI cycle on the GnRH-a long protocol. 
Although the mean number of oocytes (7.9 vs. 9.9) and 
embryos (4.7 vs. 5.7) were similar between the dual trigger 
(5000 IU hCG plus 0.2 mg Triptorelin) and control (5000 
IU hCG) groups, there was a higher rate of OPR per 
transfer reported in the dual trigger group with marginal 
significance. 

Fabris et al. (27) studied 81 patients who had more than 
50% immature oocytes in a previous rhCG only triggered 
ART cycle. The same women were given dual trigger in 
subsequent 81 cycles. Although they reported a significantly 
higher number of total and MII oocytes retrieved in the 
dual trigger group, it should be noted that any intervention 
almost always provides significant improvement in the 
second round of before-after studies where the first cycles 
are selected from those with particularly bad results. These 
findings are most likely explained by regression to the 
mean phenomenon, rather than a true biological effect (28, 
29). Similarly, Griffin et al. (30) recruited 27 women with 
history of more than 25% immature oocytes (germinal 
vesicle or metaphase I) in their previous IVF cycles when 
triggered with hCG alone and compared the outcome of 
dual triggering with their previous cycle in a retrospective 
study. The proportion of mature oocytes retrieved was 
almost double with the dual trigger protocol compared to 
their previous hCG only trigger cycle (75% vs. 38.5%, OR: 
2.51). However, similar to the Fabris et al. (27) study, the 
increase in oocyte maturation rate could likely be attributed 
to regression to the mean phenomenon.

Zhang et al. (31) compared dual trigger with hCG trigger 
only in a retrospective cohort study of 1350 poor responder 
patients diagnosed according to the Bologna criteria for 
poor responders. They reported increased numbers of 
mature oocytes with the dual trigger; however, fertilisation 
rate, number of viable embryos, implantation, and clinical 
pregnancy and miscarriage rates did not significantly differ 
between the groups. 

In summary, most studies reported improved intermediate 
outcomes rather than clinically relevant endpoints such as 
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IR or OPR, whereas RCTs and our study reported similar 
clinical outcomes with dual and hCG only triggering. In 
addition, another RCT that assessed the isolated effect of 
FSH exposure on the day of ovulation trigger also failed 
to demonstrate a beneficial effect on OPR/LBR over hCG 
triggering alone (32).

In the present study, we used dual triggering for all women 
except those who were at high risk for OHSS on the trigger 
day, regardless of ovarian reserve or their previous IVF 
history. Moreover, the authors were blind to the cycle and 
clinical outcomes during matching of the controls. Thus, 
selection bias was reduced by avoiding patient selection 
or physician preference. Still, the retrospective nature and 
the size of the study are the weaknesses of this study. On 
the other hand, use of any hCG, alone or in combination 
with another agent, in patients at high risk for OHSS is not 
currently advised (33). Thus, this may not be a weakness 
but a choice that helps the study more aptly reflect clinical 
practice.

Conclusion
Based on our study and previous RCTs, universal use of 

dual triggering does not seem to result in improved oocyte 
yield, oocyte maturation, fertilisation, IR, and CPR or 
OPR. Studies on dual triggering show conflicting results 
on different patient groups; thus, its benefit for all women 
who undergo IVF/ICSI lacks robust evidence and large, 
well-designed trials should be conducted.

Acknowledgments
There is no financial support and conflict of interest in 

this study.

Authors’ Contributions
B.Sh.; Project development, data collection, and 

manuscript writing. E.T.; Data analysis and critical revision 
of the manuscript. S.G.C., Data collection, analysis and 
critical revision of the manuscript. S.Y.; Data analysis, 
interpretation of the results, critical revision of the 
manuscript. I.K.; Performing IVF laboratory procedures, 
data managment, interpretation of results. B.A.; Protocol 
development, clinical management of patients data 
analysis, interpretation of the results, critical revition of 
the manuscript. All authors read and approved the final 
manuscript.

References
1. Abbara A, Clarke SA, Dhillo WS. Novel Concepts for inducing final 

oocyte maturation in in vitro fertilization treatment. Endocr Rev. 
2018; 39(5): 593-628.

2. Du DF, Li MF, Li XL. Ovarian hyperstimulation syndrome: a clinical 
retrospective study on 565 inpatients. Gynecol Endocrinol. 2020; 
36(4): 313-317.

3. Fauser BC, de Jong D, Olivennes F, Wramsby H, Tay C, Itskovitz-
Eldor J, et al. Endocrine profiles after triggering of final oocyte 
maturation with GnRH agonist after cotreatment with the GnRH 
antagonist ganirelix during ovarian hyperstimulation for in vitro 
fertilization. J Clin Endocrinol Metab. 2002; 87(2): 709-715.

4. Gonen Y, Balakier H, Powell W, Casper RF. Use of gonadotropin-

releasing hormone agonist to trigger follicular maturation for in vitro 
fertilization. J Clin Endocrinol Metab. 1990; 71(4): 918-922.

5. Imoedemhe DA, Chan RC, Sigue AB, Pacpaco EL, Olazo AB. A 
new approach to the management of patients at risk of ovarian 
hyperstimulation in an in-vitro fertilization programme. Hum 
Reprod. 1991; 6(8): 1088-1091.

6. Segal S, Casper RF. Gonadotropin-releasing hormone agonist 
versus human chorionic gonadotropin for triggering follicular 
maturation in in vitro fertilization. Fertil Steril. 1992;  57(6): 1254-
1258.

7. Alyasin A, Mehdinejadiani Sh, Ghasemi M. GnRH agonist trigger 
versus hCG trigger in GnRH antagonist in IVF/ICSI cycles: a review 
article. Int J Reprod Biomed. 2016; 14(9): 557-566.

8. Griesinger G, Diedrich K, Devroey P, Kolibianakis EM. GnRH 
agonist for triggering final oocyte maturation in the GnRH antagonist 
ovarian hyperstimulation protocol: a systematic review and meta-
analysis. Hum Reprod Update. 2006; 12(2): 159-168.

9. Humaidan P, Bredkjaer HE, Bungum L, Bungum M, Grondahl ML, 
Westergaard L, et al. GnRH agonist (buserelin) or hCG for ovulation 
induction in GnRH antagonist IVF/ICSI cycles: a prospective 
randomized study. Hum Reprod. 2005; 20(5): 1213-1220.

10. Kolibianakis EM, Schultze-Mosgau A, Schroer A, van Steirteghem 
A, Devroey P, Diedrich K, et al. A lower ongoing pregnancy rate can 
be expected when GnRH agonist is used for triggering final oocyte 
maturation instead of HCG in patients undergoing IVF with GnRH 
antagonists. Hum Reprod. 2005; 20(10): 2887-2892.

11. Seyhan A, Ata B, Polat M, Son WY, Yarali H, Dahan MH. Severe 
early ovarian hyperstimulation syndrome following GnRH agonist 
trigger with the addition of 1500 IU hCG. Hum Reprod. 2013; 28(9): 
2522-2528.

12. Ben-Haroush A, Sapir O, Salman L, Altman E, Garor R, Margalit T, 
et al. Does ‘dual trigger’ increase oocyte maturation rate? J Obstet 
Gynaecol. 2020; 40(6): 860-862.

13. Borgbo T, Povlsen BB, Andersen CY, Borup R, Humaidan P, 
Grondahl ML. Comparison of gene expression profiles in granulosa 
and cumulus cells after ovulation induction with either human 
chorionic gonadotropin or a gonadotropin-releasing hormone 
agonist trigger. Fertil Steril. 2013; 100(4): 994-1001.

14. Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Thomas S. 
Gonadotropin-releasing hormone agonist combined with a reduced 
dose of human chorionic gonadotropin for final oocyte maturation 
in fresh autologous cycles of in vitro fertilization. Fertil  Steril. 2008; 
90(1): 231-233.

15. Andersen Y. Effect of FSH and its different isoforms on maturation 
of oocytes from pre-ovulatory follicles. Reprod Biomed Online. 
2002; 5(3): 232-239.

16. Haas J, Zilberberg E, Nahum R, Sason AM, Hourvitz A, Gat I, et 
al. Does double trigger (GnRH-agonist + hCG) improve outcome in 
poor responders undergoing IVF-ET cycle? A pilot study. Gynecol 
Endocrinol. 2019; 35(7): 628-630.

17. Lin MH, Wu FSY, Hwu YM, Lee RKK, Li RS, Li SH. Dual trigger 
with gonadotropin releasing hormone agonist and human chorionic 
gonadotropin significantly improves live birth rate for women with 
diminished ovarian reserve. Reprod Biol Endocrinol. 2019; 17(1): 7.

18. Decleer W, Osmanagaoglu K, Seynhave B, Kolibianakis S, 
Tarlatzis B, Devroey P. Comparison of hCG triggering versus hCG 
in combination with a GnRH agonist: a prospective randomized 
controlled trial. Facts Views Vis Obgyn. 2014; 6(4): 203-209.

19. Glujovsky D, Farquhar C, Quinteiro Retamar AM, Alvarez Sedo CR, 
Blake D. Cleavage stage versus blastocyst stage embryo transfer 
in assisted reproductive technology. Cochrane Database Syst Rev. 
2016; (6): Cd002118.

20. Graham J, Han T, Porter R, Levy M, Stillman R, Tucker MJ. Day 
3 morphology is a poor predictor of blastocyst quality in extended 
culture. Fertil Steril. 2000; 74(3): 495-497.

21. Milki AA, Hinckley MD, Gebhardt J, Dasig D, Westphal LM, Behr 
B. Accuracy of day 3 criteria for selecting the best embryos. Fertil 
Steril. 2002; 77(6): 1191-1195.

22. Eftekhar M, Farid Mojtahedi M, Miraj S, Omid M. Final follicular 
maturation by administration of GnRH agonist plus HCG versus 
HCG in normal responders in ART cycles: an RCT. Int J Reprod 
Biomed. 2017; 15(7): 429-434.

23. Kim CH, Ahn JW, You RM, Kim SH, Chae HD, Kang BM. Combined 
administration of gonadotropin-releasing hormone agonist with 
human chorionic gonadotropin for final oocyte maturation in GnRH 
antagonist cycles for in vitro fertilization. J Reprod Med. 2014; 
59(1-2): 63-68.

24. Ding N, Liu X, Jian Q, Liang Z, Wang F. Dual trigger of final oocyte 
maturation with a combination of GnRH agonist and hCG versus a 

Dual Trigger Compared to hCG Alone in ICSI



Int J Fertil Steril, Vol 15, No 4, October-December 2021299

hCG alone trigger in GnRH antagonist cycle for in vitro fertilization: 
a systematic review and meta-analysis. Eur J Obstet Gynecol 
Reprod Biol. 2017; 218: 92-98.

25. Lin MH, Wu FSY, Lee RKK, Li SH, Lin SY, Hwu YM. Dual trigger 
with combination of gonadotropin-releasing hormone agonist and 
human chorionic gonadotropin significantly improves the live-birth 
rate for normal responders in GnRH-antagonist cycles. Fertil Steril. 
2013; 100(5): 1296-1302.

26. Schachter M, Friedler S, Ron-El R, Zimmerman AL, Strassburger D, 
Bern O, Raziel A. Can pregnancy rate be improved in gonadotropin-
releasing hormone (GnRH) antagonist cycles by administering 
GnRH agonist before oocyte retrieval? A prospective, randomized 
study. Fertil Steril. 2008; 90(4): 1087-1093.

27. Fabris AM, Cruz M, Legidos V, Iglesias C, Munoz M, Garcia-Velasco 
JA. Dual triggering with gonadotropin-releasing hormone agonist 
and standard dose human chorionic gonadotropin in patients with 
a high immature oocyte rate. Reprod Sci. 2017; 24(8): 1221-1225.

28. Barnett AG, van der Pols JC, Dobson AJ. Regression to the mean: 
what it is and how to deal with it. Int J Epidemiol. 2005; 34(1): 215-220.

29. Morton V, Torgerson DJ. Regression to the mean: treatment effect 
without the intervention. J Eval Clin Pract. 2005; 11(1): 59-65.

30. Griffin D, Feinn R, Engmann L, Nulsen J, Budinetz T, Benadiva 
C. Dual trigger with gonadotropin-releasing hormone agonist and 
standard dose human chorionic gonadotropin to improve oocyte 
maturity rates. Fertil Steril. 2014; 102(2): 405-409.

31. Zhang J, Wang Y, Mao X, Chen Q, Hong Q, Cai R, et al. Dual 
trigger of final oocyte maturation in poor ovarian responders 
undergoing IVF/ICSI cycles. Reprod Biomed Online. 2017; 35(6): 
701-707.

32. Lamb JD, Shen S, McCulloch C, Jalalian L, Cedars MI, Rosen MP. 
Follicle-stimulating hormone administered at the time of human 
chorionic gonadotropin trigger improves oocyte developmental 
competence in in vitro fertilization cycles: a randomized, double-
blind, placebo-controlled trial. Fertil Steril. 2011; 95(5): 1655-1660.

33. Mourad S, Brown J, Farquhar C. Interventions for the prevention of 
OHSS in ART cycles: an overview of Cochrane reviews. Cochrane 
Database Syst Rev. 2017; 1(1): CD012103

Shakerian et al.


