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Introduction

This study compared, in high responders undergoing IVF treatment, GnRH agonist-only trigger and dual trigger on oocyte retrieval rate and cumulative live birth rate (LBR). The aim was to determine if the GnRH agonist-only triggers had provided outcomes comparable to dual trigger, while minimizing the risk of ovarian hyperstimulation syndrome (OHSS).





Materials and methods

A retrospective, matched case-control study was conducted at Taichung Veterans General Hospital, Taiwan, including women who underwent IVF/ICSI between January 1, 2014, and December 31, 2022. Inclusion criteria were: GnRH antagonist protocol and estrogen level >3,000 pg/ml on trigger day. Exclusion criteria were: immune/metabolic diseases, donated oocytes, and mixed stimulation cycles. Propensity score matching was applied to balance age, AMH level, and oocyte number between the GnRH agonist-only and dual trigger groups. Outcomes were analyzed for patients who had complete treatment cycles, focusing on oocyte retrieval rate and cumulative LBR.





Results

We analyzed 116 cycles in the agonist-only group, and 232 cycles in the dual trigger group. No inter-group difference was found in their age, BMI, and AMH levels. The dual trigger group had a higher oocyte retrieval rate (93% vs. 80%; p <0.05), while fertilization rates, blastocyst formation rates, and cumulative LBR were comparable. Notably, no OHSS cases had been reported in the GnRH agonist-only group, compared with 7 cases in the dual trigger group.





Conclusion

GnRH agonist-only triggers resulted in a lower oocyte retrieval rate compared to dual triggers but did not significantly affect cumulative LBR in high responders. This approach effectively reduces OHSS risk without compromising pregnancy outcomes, making it a preferable option in freeze-all strategies, despite a longer oocyte pick-up duration and a medium cost. GnRH agonist-only trigger, however, may not be suitable for fresh embryo transfers or patients with low serum LH levels on trigger day.
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1 Introduction

Assisted reproductive technology (ART) has significantly transformed the landscape of infertility treatment, enabling countless couples to realize their dream of parenthood. Central to this success is the precise timing of oocyte pick-up before ovulation (1).

In the natural cycle, the midcycle surge represents a noticeable hourly rise in the amplitude of the follicle-stimulating hormone (FSH) and luteinizing hormone (LH) pulses for approximately 48 hours. However, the short half-life of LH makes it impractical for use as an ovulation trigger in ART cycles (2). To enhance the outcomes of in vitro fertilization (IVF), a range of protocols have been developed and tested over time, with a focus on the use of gonadotropin-releasing hormone (GnRH) agonist and human chorionic gonadotropin (hCG) triggers.

Ovarian hyperstimulation syndrome (OHSS) commonly occurs following ovarian stimulation with gonadotropins for ART. The defining characteristic of OHSS is increased capillary permeability, which leads to ascites and pleural effusion. Vascular endothelial growth factor (VEGF) is the primary molecule responsible for this increased vascular permeability (3). The number of luteinized granulosa cells determines the incidence and severity of the syndrome (4). Consequently, patients who are younger and have a better ovarian reserve are at a higher risk of developing OHSS (5). Mild OHSS is typically self-limiting. However, severe OHSS can lead to significant complications such as massive ascites, pleural effusion, renal failure, oliguria, hypotension, and thrombosis. To prevent OHSS, the primary strategy is to limit the number of developing follicles. Secondary measures include the use of certain medications, such as dopamine agonists and angiotensin-converting enzyme inhibitors (6, 7). Nonetheless, the most effective prevention is to lower or avoid the use of HCG during the trigger phase (8).

As a trigger for the final maturation of oocytes, hCG, like LH, has been in use for >50 years (9, 10). It induces ovulation approximately 38-40 hours post trigger, mimicking the natural ovulation time and is long regarded as the gold standard (2). However, its extended biological effect increases the risk of OHSS, particularly in high responders. In contrast, the use of the GnRH agonist trigger has demonstrated improvements in both oocyte quality and quantity while reducing OHSS risk due to a shorter duration of LH elevation (11).

GnRH agonist-only trigger leads to luteolysis and corpus luteum insufficiency (12). Recent advancements have introduced the concept of a dual trigger, combining GnRH agonist and a reduced hCG dosage. This strategy, in GnRH antagonist cycles, aims to merge the benefits of GnRH agonist trigger with the luteal support provided by hCG, thereby mitigating premature luteinization risks and enhancing pregnancy outcomes (13). Moreover, it significantly enhances oocyte maturation, particularly in individuals with historically low rates of mature oocyte retrieval (14).

Despite the potential advantages of GnRH agonist and dual triggers, conflicting evidence exists on their effectiveness in high responders. Some studies suggest improved pregnancy outcomes with the GnRH agonist trigger, while others indicate poorer pregnancy rates compared to hCG triggers (15, 16). Similarly, outcomes with the dual trigger vary, with some studies reporting enhancements and others no improvement compared to the GnRH agonist trigger. These discrepancies may be due to differences in patient profiles, study methodology, and trigger protocol, necessitating further research for their clarification.

Considering the growing adoption of freeze-all strategy, the necessity of dual triggering is questioned. The main drawback of GnRH agonist-only trigger lies in luteal-phase insufficiency, markedly impacting implantation and pregnancy rates in the fresh embryo transfer (ET) (17). However, this downside can be easily overcome by a freeze-all strategy.

In this study, we aimed to compare outcomes between GnRH agonist-only trigger and dual trigger in high responders using a GnRH antagonist protocol and freeze-all strategy. We hope to refine trigger methods for high responders in GnRH antagonist cycles.




2 Materials and methods



2.1 Subjects

This retrospective, matched case-control study was conducted at Taichung Veterans General Hospital, Taiwan. We enrolled women who had received IVF and/or ICSI during the period between January 1, 2014, and December 31, 2022. Inclusion criteria were as follows: (1) patients received GnRH antagonist protocol, (2) induction duration > 5 days, (3) estrogen level > 3000 pg/ml on the trigger day. Exclusion criteria were as follows: (1) patients with immune diseases or metabolic diseases, (2) patients receiving donated oocytes, (3) patients with embryos transferred from mixed stimulation cycles.

Propensity score matching was applied to select matched subjects with balanced age, anti-Mullerian hormone (AMH) level, and retrieval oocyte number, and at ratio of 1:2 between GnRH agonist-only trigger and dual trigger groups.

We analyzed patients who had completed their treatment cycles, either as the result of achieving a live birth or, ultimately, failing after transferring all of their embryos.




2.2 Controlled ovarian stimulation protocol

Patients received the GnRH antagonist cetrorelix acetate (Cetrotide, 0.25 mg/d SC; Merck Serono, Germany) starting on a flexible plan from stimulation days 5 to 7 with ultrasound monitoring 5 days after the onset of controlled ovarian hyperstimulation with gonadotropins.

The types and dosages of gonadotropin administration were individualized for each participant according to her age, body mass index, AMH, FSH/LH level, antral follicle counts on cycle days 2 to 3 and previous responses to ovarian stimulation. Dosages were adjusted according to the ovarian response as monitored by vaginal ultrasound folliculometry and serum estrogen (E2) level.




2.3 Triggering and luteal support protocol

When two or more follicles reached a mean diameter of 18 mm, an ovarian trigger was arranged. For the GnRH agonist-only trigger, patients were triggered with 0.2 mg Decapeptyl (Ferring Co., Germany). For dual trigger, patients were triggered with the same regimen of GnRH agonist and 250 mcg of recombinant hCG (Ovidrel; Merck Serono, Germany). Oocyte retrieval was performed 35 to 36 hours later. Progesterone 25mg/amp (Astar Co., Taiwan), 1 to 2 amp/day, was injected intramuscularly starting from the night of oocyte retrieval and continued or shifted to topical progesterone (8% Crinone; Merck-Serono, Germany) 90mg/day on the day of embryo transfer. The procedure was maintained until the pregnant patients had reached 8 complete weeks of gestation for luteal support (LS).

For the frozen-thaw cycle (FET), patients received an artificial hormone replacement regimen (Estradiol valerate 2 mg, Synmosa Co., Taiwan) with a step-up dose from 4 to 8mg/day for 5 days, to 6 to 12mg/day for 5 days, followed by twice daily doses of vaginal progesterone (8% Crinone; Merck Serono, Germany) at 90mg, plus estradiol valerate 12mg once the endometrial thickness had exceeded 8 mm on ultrasound images. Finally, dosage was maintained till the patient had reached 10 complete weeks of gestation for LS.

In addition, 0.1 mg Decapeptyl (Ferring Co., Germany) was also administered on day 6 after the start of luteal support. Embryo transfers (ET) were carried out on day 2, day 3, or day 5 of culture.




2.4 Outcome measures

The live birth rate (LBR) was defined as the percentage resulting in live newborns. The cumulative LBR per retrieval cycle was defined as the percentage of at least one live newborn from that retrieval cycle. The above results were followed up until 30 September 2023.




2.5 Statistical analyses

We applied the greedy nearest neighbor matching to calculate the propensity scores matched in baseline parameters at a ratio of 1:2 for Group 1 and 2. Categorical items were described using percentage and frequency, whereas continuous characteristics were assessed using descriptive statistics (number of subjects, mean, standard deviation). Parameters were compared using the two-sample t-test for continuous variables, and the comparison between categorical variables was conducted with the chi-square test. Significance was set at p <0.05. All analyses were performed on the SPSS-PC ver. 22.0 (SAS Institute Inc, Cary, NC, USA).




2.6 Editorial board members and editors

The study protocol was approved by the Ethics Committee of the Taichung Veterans General Hospital, No. CE24173B on 2024/04/05, and adhered to the relevant ethical guidelines. The Institutional Review Board of Taichung Veterans Hospital approved to waive the documentation of informed consent due to this research presented no more than minimal risk of harm to subjects which involves only data review.





3 Results

Our analysis was conducted on a total of 3822 cycles, including 116 cycles in the agonist-only trigger group and 232 cycles in the dual trigger group.

Table 1 shows no significant difference between the two groups regarding age, BMI, and AMH levels. In terms of stimulation cycle characteristics, the FSH dose was higher in the dual trigger cycles. Although the predicted number of oocytes by number of follicles with diameter ≥ 14 mm was higher in GnRH agonist-only trigger cycles, the retrieved oocyte count remained similar across both groups following case-matching. Table 2 shows that the oocyte retrieval rate appeared higher in the dual trigger group. There was no inter-group difference in fertilization rate, blastocyst formation rate and good embryo rates in both day 3 and day 5. We noted no OHSS had been documented in the GnRH agonist-only trigger group, whereas 7 patients experienced OHSS in the dual trigger group.


Table 1 | Baseline demographics and cycle characteristics of patients with agonist-only versus dual trigger.




Table 2 | Embryology results of patients with agonist-only versus dual trigger.



As for frozen embryo transfer, both groups utilized 100% artificial cycles. Information on the number of day 2 or day 3 embryos frozen in both groups is as follows: In the dual trigger group, 4 patients froze day 2 or day 3 embryos: Patient 1 froze 2 day 2 embryos. Patient 2 froze 6 day 2 embryos. Patient 3 froze 6 day 3 embryos. Patient 4 froze 6 day 3 embryos and 4 day 5 embryos. In the GnRH-only trigger group, only 1 patient froze 4 day 2 embryos. Additionally, no patients in the GnRH-only trigger group received fresh embryo transfer (ET), while 59 patients (25.1%) in the dual trigger group received fresh ET.

Figure 1 shows no statistically significant difference between the two groups regarding clinical pregnancy rate (CPR), LBR, and cumulative LBR. Particularly remarkable was a >80% cumulative LBR in both groups. Table 3 showed the total number of ET cycles.




Figure 1 | Pregnancy outcomes by different ovulation trigger protocol. FET, frozen embryo transfer; CPR, clinical pregnancy rate; LBR, live birth rate.




Table 3 | Number of embryo transfer cycle in both groups.



The distribution of embryo transfer numbers for different trigger groups and the average numbers of transferred embryos and good embryos are shown in Tables 4, 5. The data indicates that in single embryo transfer cycles, the dual trigger groups have a higher number of embryo transferred.


Table 4 | Comparison of embryo transfer cycle numbers and average transfer numbers between GnRH agonist-only trigger and hCG+GnRH agonist trigger groups.




Table 5 | Distribution of embryo transfer numbers of different trigger groups and days of embryo development.






4 Discussion

In IVF, LH plays a crucial role in activating oocyte maturation and resuming meiosis before oocyte retrieval. Various methods, such as using hCG and GnRH agonists, mimic the physiological LH surge necessary for IVF treatment. The historical gold standard is hCG, owing to its similar alpha subunit to LH (23, 24). However, its extended half-life is a disadvantage, since it contributes to the higher risk of OHSS, particularly in patients with higher AMH levels and PCOS (25, 26). Numerous strategies, like minimizing hCG dosage, and FET, have been employed to mitigate the OHSS risk. The most effective approach appears to be replacing hCG trigger with a GnRH agonist, which offers several advantages over hCG. GnRH agonists not only mimic LH but also provide FSH, resembling a more physiological cycle and can potentially promote nuclear maturation (27, 28). But the shorter LH surge induced by GnRH agonist may lead to insufficient luteal function, resulting in low ongoing pregnancy rates and greater early pregnancy loss (15, 29, 30). Studies also indicated more failures in collecting mature oocytes following GnRH agonist trigger (31). The results of previous studies are shown in Table 6.


Table 6 | Comparison of published studies: GnRH agonist-only trigger versus dual trigger (hCG + GnRH agonist) and pregnancy outcomes.



The dual trigger approach offers the advantage of combining both GnRH agonist and hCG, thereby reducing the OHSS risk by minimizing hCG dosage while it can also induce endogenous FSH and LH surges. Studies have shown that in poor responders, dual trigger could lead to an increase in the number of mature oocytes, CPR, and LBR (32, 33). Several questions remain unanswered regarding the use of dual trigger. For instance, should dual triggers be applied to those patients with a higher risk of OHSS? Is dual trigger superior to the GnRH agonist alone? And does it impact the oocyte retrieval rate? Only a limited studies have so far directly compared GnRH agonists with dual triggers. Two randomized controlled trials (RCTs) compared hCG and dual trigger (34, 35). Hass et al. concluded that dual trigger can result in higher CPR and LBR per transfer compared to hCG alone (34). Similarly, Maged et al., in a study involving poor ovarian responders undergoing ICSI and a GnRH-antagonist protocol, found that dual trigger is associated with higher chemical pregnancy rates compared to hCG alone (35). These findings highlight the potential benefits of the dual trigger approach, particularly in certain patient populations.

The use of GnRH agonist alone as a trigger restricted in clinical practice due to reports on its poorer pregnancy outcomes, particularly among patients who may exhibit insufficient LH production under GnRH agonist trigger, affecting final oocyte maturation (36). O’Neill et al. suggested that dual trigger protocols may enhance the number of retrieved oocytes and improve their maturation compared to GnRH agonist-only triggers (18). In a randomized control study including patients of relatively advanced ages, GnRH agonist-only triggers have a lower oocyte retrieval rate and lower LBR (22). However, conflicting findings exist, with some studies indicating no significant differences in outcomes between GnRH agonist-only triggers and dual triggers. For instance, Jones et al. found that both GnRH agonist and dual trigger groups present a higher number of mature oocytes compared to hCG-only trigger (19). Similarly, Maslow et al. reported no difference in oocyte maturation between patients given GnRH agonist-only triggers and dual triggers, regardless of estrogen levels on the trigger day (20). He et al, in a retrospective study, reported that among patients retrieving over 15 oocytes with a freeze-all strategy, no extra benefit was found in using hCG compared to GnRH agonist-only triggers (21). These studies also reported no discrepancies in the following: rates of oocyte maturation, fertilization, top-quality day 3 embryos, cumulative LBR, and neonatal outcomes. Regarding fresh embryo transfer cycles, GnRH agonist triggers are associated with poorer pregnancy outcomes. However, in freeze-all cycles, the outcomes of FET appear excellent (37, 38). In our study, we similarly noticed no difference in pregnancy rates, in terms of 1st frozen ET pregnancy rate or cumulative LBR.

In our study, we observed a difference in oocyte retrieval rates between the two groups, with a rate of 93% in the dual trigger group and 80% in the agonist-only trigger group. This finding is consistent with a previous randomized controlled study conducted by Zhou et al. (22). It is our standard procedure to aspirate all follicles larger than 10mm and perform a maximum of 6 flushes if no oocytes have been detected under the microscope during an oocyte retrieval. Our embryologist typically would examine the fluid retrieved during oocyte pick-up in real-time to confirm successful oocyte retrieval. According to our own real-world experiences, we encountered more frequent difficulties in oocyte retrieval in agonist only trigger cycles. The use of GnRH agonist-only triggers may lead to a longer procedure time and consequently increase the consumption and cost of the medium.

Previous studies have shown that a dual trigger may result in a better good embryo rate (18, 22); however, we did not observe this finding in our research. In our study, we hypothesize that the GnRH-agonist-only trigger may result in a lower oocyte retrieval rate. Although the rate of good-quality embryos is similar between the GnRH agonist-only trigger and dual trigger groups, the total number of good embryos may be lower due to the reduced number of retrieved oocytes in the former group. This reduction could be attributed to the retrieval process selectively capturing more mature oocytes or those with better potential to develop into good embryos. A 2016 study also observed that adding a bolus of hCG significantly increased the oocyte retrieval rate but did not affect oocyte maturity or fertilization rate (39). In our clinical experience, we have often noticed that an agonist-only trigger is associated with a lower retrieval rate. This may be due to the lack of hCG to induce mucification of granulosa cells (40). We agree that a dual trigger can improve the oocyte retrieval process. However, considering the risk of OHSS and the cumulative live birth rate, it may be beneficial for some patients to accept a slightly lower oocyte retrieval rate in exchange for a reduced risk of OHSS without compromising the cumulative live birth rate.

The limitations of this study are as follows: first, it is not a randomized study. Additionally, the sample size is relatively small. While all oocyte pick-up procedures were performed at our hospital using the same equipment, they were conducted by different doctors, which could introduce variability in the procedure. Furthermore, the retrospective nature of the study may have inherent biases, and cannot completely eliminate all potential confounding factors.

In conclusion, the use of GnRH agonist-only trigger results in (a) similar parameters of embryonic development and (b) comparable cumulative pregnancy rates, as compared to dual trigger in patients with estrogen levels exceeding 3000 pg/ml on the trigger day. For these patients, GnRH agonist-only trigger is preferable due to no difference in the final reproductive outcomes, and the nearly risk-free on OHSS compared to dual triggers. However, it should be noted that the oocyte retrieval rate was significantly lower in the GnRH agonist-only trigger group and that potentially would lead to an extended duration of oocyte pick-up procedure. Also, it may not be a good choice for patients who wish to undergo fresh ET or have low serum LH levels on the day of trigger, since a lower LH level is associated with reduced ongoing pregnancy rates, LBR, and higher miscarriage rates with the GnRH agonist-only trigger (41). In summary, while the use of GnRH agonist alone as the trigger agent showed comparable pregnancy rates and may mitigate the risk of OHSS, it is important to consider the lower oocyte retrieval rate and potential overload in medium cost and procedure time associated with this approach.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by Ethics Committee of the Taichung Veterans General Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The Institutional Review Board of Taichung Veterans Hospital approved to waive the documentation of informed consent due to this research presented no more than minimal risk of harm to subjects which involves only data review.





Author contributions

YW: Data curation, Formal analysis, Writing – original draft, Writing – review & editing, Resources, Software. YY: Project administration, Supervision, Writing – original draft. HG: Data curation, Resources, Writing – original draft. YC: Data curation, Writing – original draft. HK: Conceptualization, Writing – original draft. JC: Data curation, Formal analysis, Methodology, Resources, Software, Writing – original draft. LC: Data curation, Resources, Writing – original draft. SC: Data curation, Methodology, Resources, Writing – original draft. MC: Conceptualization, Data curation, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

The authors would like to thank the Biostatistics Task Force of Taichung Veteran General Hospital for their assistance.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Sunderam, S, Kissin, DM, Zhang, Y, Jewett, A, Boulet, SL, Warner, L, et al. Assisted reproductive technology surveillance - United States, 2017. MMWR Surveill Summ. (2020) 69:1–20. doi: 10.15585/mmwr.ss6909a1

2. Yen, SS, Llerena, O, Little, B, and Pearson, OH. Disappearance rates of endogenous luteinizing hormone and chorionic gonadotropin in man. J Clin Endocrinol Metab. (1968) 28:1763–7. doi: 10.1210/jcem-28-12-1763

3. Soares, SR, Gomez, R, Simon, C, Garcia-Velasco, JA, and Pellicer, A. Targeting the vascular endothelial growth factor system to prevent ovarian hyperstimulation syndrome. Hum Reprod Update. (2008) 14:321–33. doi: 10.1093/humupd/dmn008

4. Delvigne, A, and Rozenberg, S. Preventive attitude of physicians to avoid ohss in ivf patients. Hum Reprod. (2001) 16:2491–5. doi: 10.1093/humrep/16.12.2491

5. Practice Committee of American Society for Reproductive M. Ovarian hyperstimulation syndrome. Fertil Steril. (2008) 90:S188–93. doi: 10.1016/j.fertnstert.2008.08.034

6. Alvarez, C, Marti-Bonmati, L, Novella-Maestre, E, Sanz, R, Gomez, R, Fernandez-Sanchez, M, et al. Dopamine agonist cabergoline reduces hemoconcentration and ascites in hyperstimulated women undergoing assisted reproduction. J Clin Endocrinol Metab. (2007) 92:2931–7. doi: 10.1210/jc.2007-0409

7. Ata, B, Yakin, K, Alatas, C, and Urman, B. Dual renin-angiotensin blockage and total embryo cryopreservation is not a risk-free strategy in patients at high risk for ovarian hyperstimulation syndrome. Fertil Steril. (2008) 90:531–6. doi: 10.1016/j.fertnstert.2007.07.1309

8. Humaidan, P, Kol, S, Papanikolaou, EG, and Copenhagen Gn RHATWG. Gnrh agonist for triggering of final oocyte maturation: time for a change of practice? Hum Reprod Update. (2011) 17:510–24. doi: 10.1093/humupd/dmr008

9. Casper, RF. Basic understanding of gonadotropin-releasing hormone-agonist triggering. Fertil Steril. (2015) 103:867–9. doi: 10.1016/j.fertnstert.2014.12.129

10. Humaidan, P, and Alsbjerg, B. Gnrha trigger for final oocyte maturation: is hcg trigger history? Reprod BioMed Online. (2014) 29:274–80. doi: 10.1016/j.rbmo.2014.05.008

11. Alyasin, A, Mehdinejadiani, S, and Ghasemi, M. Gnrh agonist trigger versus hcg trigger in gnrh antagonist in ivf/icsi cycles: A review article. Int J Reprod BioMed. (2016) 14:557–66. doi: 10.29252/ijrm.14.9.557

12. Gonen, N, Casper, RF, Jurisicova, A, Yung, Y, Friedman-Gohas, M, Orvieto, R, et al. Does gonadotropin-releasing hormone agonist cause luteolysis by inducing apoptosis of the human granulosa-luteal cells? J Assist Reprod Genet. (2021) 38:2301–5. doi: 10.1007/s10815-021-02226-w

13. Shapiro, BS, Daneshmand, ST, Garner, FC, Aguirre, M, and 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) 90:231–3. doi: 10.1016/j.fertnstert.2007.06.030

14. Griffin, D, Feinn, R, Engmann, L, Nulsen, J, Budinetz, T, and Benadiva, C. Dual trigger with gonadotropin-releasing hormone agonist and standard dose human chorionic gonadotropin to improve oocyte maturity rates. Fertil Steril. (2014) 102:405–9. doi: 10.1016/j.fertnstert.2014.04.028

15. 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) 20:1213–20. doi: 10.1093/humrep/deh765

16. Li, S, Zhou, D, Yin, T, Xu, W, Xie, Q, Cheng, D, et al. Dual trigger of triptorelin and hcg optimizes clinical outcome for high ovarian responder in gnrh-antagonist protocols. Oncotarget. (2018) 9:5337–43. doi: 10.18632/oncotarget.23916

17. 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) 87:709–15. doi: 10.1210/jcem.87.2.8197

18. O’Neill, KE, Senapati, S, Maina, I, Gracia, C, and Dokras, A. Gnrh agonist with low-dose hcg (Dual trigger) is associated with higher risk of severe ovarian hyperstimulation syndrome compared to gnrh agonist alone. J Assist Reprod Genet. (2016) 33:1175–84. doi: 10.1007/s10815-016-0755-8

19. Jones, BP, Al-Chami, A, Gonzalez, X, Arshad, F, Green, J, Bracewell-Milnes, T, et al. Is oocyte maturity influenced by ovulation trigger type in oocyte donation cycles? Hum Fertil (Camb). (2021) 24:360–6. doi: 10.1080/14647273.2019.1671614

20. Maslow, BL, Guarnaccia, M, Stefanacci, C, Ramirez, L, and Klein, JU. The use of gnrh-agonist trigger for the final maturation of oocytes in normal and low responders undergoing planned oocyte cryopreservation. Hum Reprod. (2020) 35:1054–60. doi: 10.1093/humrep/deaa042

21. He, Y, Tang, Y, Chen, S, Liu, J, and Liu, H. Effect of gnrh agonist alone or combined with different low-dose hcg on cumulative live birth rate for high responders in gnrh antagonist cycles: A retrospective study. BMC Pregnancy Childbirth. (2022) 22:172. doi: 10.1186/s12884-022-04499-0

22. Zhou, C, Yang, X, Wang, Y, Xi, J, Pan, H, Wang, M, et al. Ovulation triggering with hcg alone, gnrh agonist alone or in combination? A randomized controlled trial in advanced-age women undergoing ivf/icsi cycles. Hum Reprod. (2022) 37:1795–805. doi: 10.1093/humrep/deac114

23. Hoff, JD, Quigley, ME, and Yen, SS. Hormonal dynamics at midcycle: A reevaluation. J Clin Endocrinol Metab. (1983) 57:792–6. doi: 10.1210/jcem-57-4-792

24. Ezcurra, D, and Humaidan, P. A review of luteinising hormone and human chorionic gonadotropin when used in assisted reproductive technology. Reprod Biol Endocrinol. (2014) 12:95. doi: 10.1186/1477-7827-12-95

25. Sun, B, Ma, Y, Li, L, Hu, L, Wang, F, Zhang, Y, et al. Factors associated with ovarian hyperstimulation syndrome (Ohss) severity in women with polycystic ovary syndrome undergoing ivf/icsi. Front Endocrinol (Lausanne). (2020) 11:615957. doi: 10.3389/fendo.2020.615957

26. Seyhan, A, Ata, B, Polat, M, Son, WY, Yarali, H, and Dahan, MH. Severe early ovarian hyperstimulation syndrome following gnrh agonist trigger with the addition of 1500 iu hcg. Hum Reprod. (2013) 28:2522–8. doi: 10.1093/humrep/det124

27. Castillo, JC, Humaidan, P, and Bernabeu, R. Pharmaceutical options for triggering of final oocyte maturation in art. BioMed Res Int. (2014) 2014:580171. doi: 10.1155/2014/580171

28. Zelinski-Wooten, MB, Hutchison, JS, Hess, DL, Wolf, DP, and Stouffer, RL. Follicle stimulating hormone alone supports follicle growth and oocyte development in gonadotrophin-releasing hormone antagonist-treated monkeys. Hum Reprod. (1995) 10:1658–66. doi: 10.1093/oxfordjournals.humrep.a136151

29. 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) 20:2887–92. doi: 10.1093/humrep/dei150

30. Itskovitz, J, Boldes, R, Levron, J, Erlik, Y, Kahana, L, and Brandes, JM. Induction of preovulatory luteinizing hormone surge and prevention of ovarian hyperstimulation syndrome by gonadotropin-releasing hormone agonist. Fertil Steril. (1991) 56:213–20. doi: 10.1016/S0015-0282(16)54474-4

31. Castillo, JC, Garcia-Velasco, J, and Humaidan, P. Empty follicle syndrome after gnrha triggering versus hcg triggering in cos. J Assist Reprod Genet. (2012) 29:249–53. doi: 10.1007/s10815-011-9704-8

32. Chern, CU, Li, JY, Tsui, KH, Wang, PH, Wen, ZH, and Lin, LT. Dual-trigger improves the outcomes of in vitro fertilization cycles in older patients with diminished ovarian reserve: A retrospective cohort study. PloS One. (2020) 15:e0235707. doi: 10.1371/journal.pone.0235707

33. Lin, MH, Wu, FS, Hwu, YM, Lee, RK, Li, RS, and 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) 17:7. doi: 10.1186/s12958-018-0451-x

34. Haas, J, Bassil, R, Samara, N, Zilberberg, E, Mehta, C, Orvieto, R, et al. Gnrh agonist and hcg (Dual trigger) versus hcg trigger for final follicular maturation: A double-blinded, randomized controlled study. Hum Reprod. (2020) 35:1648–54. doi: 10.1093/humrep/deaa107

35. Maged, AM, Ragab, MA, Shohayeb, A, Saber, W, Ekladious, S, Hussein, EA, et al. Comparative study between single versus dual trigger for poor responders in gnrh-antagonist icsi cycles: A randomized controlled study. Int J Gynaecol Obstet. (2021) 152:395–400. doi: 10.1002/ijgo.13405

36. Meyer, L, Murphy, LA, Gumer, A, Reichman, DE, Rosenwaks, Z, and Cholst, IN. Risk factors for a suboptimal response to gonadotropin-releasing hormone agonist trigger during in vitro fertilization cycles. Fertil Steril. (2015) 104:637–42. doi: 10.1016/j.fertnstert.2015.06.011

37. Griesinger, G, Kolibianakis, EM, Papanikolaou, EG, Diedrich, K, Van Steirteghem, A, Devroey, P, et al. Triggering of final oocyte maturation with gonadotropin-releasing hormone agonist or human chorionic gonadotropin. Live birth after frozen-thawed embryo replacement cycles. Fertil Steril. (2007) 88:616–21. doi: 10.1016/j.fertnstert.2006.12.006

38. Griesinger, G, Berndt, H, Schultz, L, Depenbusch, M, and Schultze-Mosgau, A. Cumulative Live Birth Rates after Gnrh-Agonist Triggering of Final Oocyte Maturation in Patients at Risk of Ohss: A Prospective, Clinical Cohort Study. Eur J Obstet Gynecol Reprod Biol. (2010) 149:190–4. doi: 10.1016/j.ejogrb.2009.12.030

39. Lu, X, Hong, Q, Sun, L, Chen, Q, Fu, Y, Ai, A, et al. Dual trigger for final oocyte maturation improves the oocyte retrieval rate of suboptimal responders to gonadotropin-releasing hormone agonist. Fertil Steril. (2016) 106:1356–62. doi: 10.1016/j.fertnstert.2016.07.1068

40. Russell, DL, and Robker, RL. Molecular mechanisms of ovulation: co-ordination through the cumulus complex. Hum Reprod Update. (2007) 13:289–312. doi: 10.1093/humupd/dml062

41. Benmachiche, A, Benbouhedja, S, Zoghmar, A, and Humaidan, P. Low lh level on the day of gnrh agonist trigger is associated with reduced ongoing pregnancy and live birth rates and increased early miscarriage rates following ivf/icsi treatment and fresh embryo transfer. Front Endocrinol (Lausanne). (2019) 10:639. doi: 10.3389/fendo.2019.00639




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Wang, Yi, Guu, Chen, Kung, Chang, Chen, Chuan and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1461317-g001.jpg
90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

Pregnancy outcomes by different ovulation trigger protocol

(98/116),

84.50%
(81/109),

74.30%

68.10%

AN

CPR in Ist FET cycles (p=0.27) LBR in 1st FET cycles (p

# GnRH agonist-only trigger

(111/163), (73/109),
66.90%

(189/232),
81.50%

(97/163),
59.50%

0.212) Cumulative LBR in finish cycles
(p=0.485)

# Dual trigger (hCG+ GnRH agonist)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        GnRH agonist-only trigger, compared to dual trigger, reduces oocyte retrieval rate in high responders without affecting cumulative live birth rate

      

        		

          Introduction

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Subjects

          



          		

            2.2 Controlled ovarian stimulation protocol

          



          		

            2.3 Triggering and luteal support protocol

          



          		

            2.4 Outcome measures

          



          		

            2.5 Statistical analyses

          



          		

            2.6 Editorial board members and editors

          



        



        



        		

          3 Results

        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Number of
patients

(GnRH agonist-
only trigger/
dual trigger)

Treatment
protocols

and IVF
characteristics

GnRH
agonist-only
trigger outcomes

Dual
trigger outcomes

OHSS rate
(GnRH agonist-
only trigger/
dual trigger)

Retrospective  108/66 Antagonist protocol/ Number of oocytes Total number oocytes 0/6% O’Neil
cohort study high responders retrieved: 16.5/pregnancy | retrieved 17.5 etal/
outcomes not available /pregnancy outcomes 2016 (18)
not available
Retrospective | 232/59 Antagonist protocol/ Number of oocytes Number of oocytes 0/8.5% Jones et al./
cohort study oocyte retrieved: 14/pregnancy retrieved: 13.5/pregnancy 2019 (19)
donation cycles outcomes not available outcomes not available
Retrospective | 959/50 Antagonist protocol/ | Number of oocytes Number of oocytes 0/0 Maslow
cohort study oocyte retrieved: 18.3/pregnancy retrieved: 18.24/pregnancy etal/
cryopreservation outcomes not available outcomes not available 2020 (20)
cycles
Retrospective  577/403 Antagonist protocol | Number of oocytes Number of oocytes 0/1.49% Y. He etal/
cohort study retrieved: 22.93/LBR retrieved: 22.41/LBR 2022 (21)
54.22%/cLBR 74.35% 54.20%/cLBR 74.35%
Randomized 164/168 Antagonist protocol/ Retrieval rate 84.1%/ Retrieval rate 87.9%/ No data Zhou et al./
controlled advanced-age women | Number of oocytes Number of oocytes 2022 (22)
trial (= 35 years) retrieved: 3.81/LBR 14.1% retrieved: 4.08/LBR 32.6%

OHSS, Ovarian hyperstimulation syndrome; LBR, Live birth rate; cLBR, cumulative live birth rate.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Trigger protocol GnRH hCG +
agonist- GnRH

only agonist
(n=116) (n=232)

No. of oocytes retrieved 240+ 77 237 £ 8.2 0.383
Fertilization oocyte numbers 170 £ 7.1 163 £7.1 0.424
Oocytes retrieval rate 80% 93% <0.001**
(retrieved oocytes/number of

follicles with diameter >

14 mm)

Fertilization rate 71% 70% 0.426
Good embryo * numbers 53+40 6.0 + 4.5 0.179
(at day3)

Rate of good embryos * 29% + 16% 34% + 21% 0.268
(at day3)

Blastocyte formation rate 53% + 22% 55% + 24% 0.646
Good blastocyst ® humbers 7.0+ 5.0 6.4 +5.1 0.623
Rate of good blastocyst b 39% + 22% 39% + 23% 0.781
Ovarian hyperstimulation 0 cycle 7 cycles

syndrome (OHSS)

“ p<0.01.

“Cleavage stage embryo was defined as good quality embryos if they were composed of at least
seven to eight cell grade 1 or 2 on day 3, according to the Veeck classification system.
"Grade according to Gardner classification system of “3BA” or greater was defined as good
quality blastocyst.





OEBPS/Images/fendo.2024.1461317_cover.jpg
& frontiers | Frontiers in Endocrinology

GnRH agonist-only trigger, compared to
dual trigger, reduces oocyte retrieval rate in
high responders without affecting
cumulative live birth rate





OEBPS/Images/table4.jpg
GnRH hCG+

agonist- GnRH
only trigger agonist

Day 2 embryo transfer 0 2 (0.62%)
cycle numbers

Day 3 embryo transfer 0 5 (1.55%)
cycle numbers

Day 5 embryo transfer 198 (100%) 315 (97.83%)
cycle numbers

Average transfer number 3
of Day 2 embryo

Average transfer number 3
of Day 3 embryo

Average transfer number 14
of Day 3 good embryo *

Average transfer number 1.58 1.75 <0.001**
of Day 5 embryo

Average transfer number 1.5 1.64 0.006**
of Day 5 good embryo b

“p<0.01.

“Cleavage stage embryo was defined as good quality embryos if they were composed of at least
seven to eight cell grade 1 or 2 on day 3, according to the Veeck classification system.
®Grade according to Gardner classification system of “3BA” or greater was defined as good
quality blastocyst.





OEBPS/Images/table3.jpg
Number of ET cycle 2 3 4 5 6

Patient number in dual trigger group (n=232) 147 54 24 4 2 1
(63.4%) (23.3%) (10.3%) (1.7%) (0.86%) (0.43%)

Patient number in GnRH-only trigger group (n=116) 69 23 13 6 2 3

(59.5%) (19.8%) (11.2%) (5.2%) (1.7%) (2.6%)






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
Trigger GnRH hCG + GnRH
protocol agonist only = agonist

(n= 116) (n=232)
Age (years) 345+ 4.1 343 +28 0.635
BMI (kg/m?) 226+ 3.7 223+37 0471
AMH (ng/ml) 6.14 +£ 3.0 6.13 + 3.65 0.139
Total FSH dosage (IU) | 2457.8 + 841.9 27404 + 9514 0.040*
Total LH dosage (IU) 7254+ 532.4 794.9+ 725.4 0.240
Induction 10.9 + 0.99 1043 £ 1.21 0.372
duration (days)
Endometrium 11.8+ 2.4 11.7 £3.1 0.909
thickness (mm)
No. of > 14mm follicle | 18.4 + 8.10 152 £ 6.0 <0.001**
Estradiol on day of 5622.1 £ 1695.5 4931.6 + 1888.7 0.002*

hCG administration
(pg/m)

“p < 0.05.
“p<0.01.






OEBPS/Images/table5.jpg
Embryo transfer

number

GnRH agonist-only trigger 87 108 3 0
group Day 5 cycle numbers | (43.94%) = (54.55%) | (1.52%)

hCG+ GnRH agonist 0 1 0 1
trigger group Day 2 (50%) (50%)
cycle numbers

hCG+ GnRH agonist 0 1 3 1
trigger group Day 3 (20%) (60%) (20%)
cycle numbers

hCG+ GnRH agonist 93 209 12 1
trigger group Day 5 (29.52%) = (66.35%) | (3.81%) | (0.32%)

cycle numbers






