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Abstract

Objective: To compare metaphase II (MI) rate, fertilization rate, and embryo quality with dual trigger gonadotropin-releasing hormone agonist
(GnRH) and normal dose human chorionic gonadotropin (hCG) versus a normal dose hCG trigger in antagonist intracytoplasmic sperm injection
(ICSI) cycles of poor ovarian responders.

Material and Methods: Patients defined as poor ovarian responders according to the Bologna criteria who underwent ICSI with GnRH
antagonist protocol and triggered with dual trigger or hCG alone for oocyte maturation. Main outcome measures were MIl rate, fertilization rate,
and embryo quality.

Results: Total gonadotropin doses and E, levels on trigger day were higher in the hCG trigger group. There were no significant differences with
regard to implantation rate (p=0.304), biochemical pregnancy rate (p=0.815), clinical pregnancy rate (p=0.378), and ongoing pregnancy rate
(p=0.635) between the groups.

Conclusion: Dual trigger of oocyte maturation with GnRH agonist and normal dose hCG in poor responders does not demonstrate improved

oocyte maturation, clinical pregnancy, and ongoing pregnancy rates. (J Turk Ger Gynecol Assoc 2018; 19: 98-103)
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Introduction

Poor ovarian response (POR) is known as the decrease of
fecundity. The first systematic definition of POR was identified
as the Bologna criteria in 2011 by The European Society of
Human Reproduction and Embryology (1). Patients with
POR have very poor outcomes despite improving treatment
modalities such as the use of different stimulation protocols or
adding adjuvant therapies (2).

Human chorionic gonadotropin (hCG) is almost always used to
trigger final oocyte maturation and is required to pick-up mature
oocytes from stimulated ovaries in in vitro fertilization (IVF)
and intracytoplasmic sperm injection (ICSI) cycles. After the
administration of gonadotropin-releasing hormone agonist (GnRH)
antagonists in IVF/ICSI cycles, triggering with GnRH agonists
and other methods (double trigger and dual trigger) has been

introduced (3-6). These triggering methods provide the release
of endogenous follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) surge like in the natural cycle for the maturation of
follicles. “Dual trigger” was first introduced by Shapiro et al. (6) in
co-treated patients with GnRH antagonist cycles for the purpose
of Ovarian Hyperstimulation syndrome (OHSS) prevention.
Besides prevention of OHSS, Lin et al. (7) demonstrated improved
implantation, clinical pregnancy, and live-birth rates in normal
responders using the dual trigger regimen.

Even though benefits were shown when using the dual
triggering regimen in high-responder and normal-responder
patients or having oocyte immaturity, few studies have been
performed to show the effects when using this regimen in the
poor-responder population (7-14).

The aim of the present study was to analyze whether the dual
trigger in POR might improve ICSI cycle outcomes.
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Material and Methods

This case-control study was approved by the institutional ethics
committee. A total of 47 ICSI cycles in which a dual trigger was
used for final oocyte maturation were performed from March
2015 until July 2015. Moreover, a review of medical records from
May 2012 through April 2014 was performed for poor responders
who were triggered with hCG. Controls included 62 ICSI cycles.
Both cases and controls were recruited consecutively.

Participants and treatment protocol

All patients who fulfilled the criteria defined by the European
Society of Human Reproduction and Embryology consensus in
2011 and underwent ICSI cycles with GnRH antagonist were
considered eligible (1). The Bologna criteria for poor responders
was defined as the presence of two of the following features:
1) Increased maternal age (40 years) or other risk factors for
POR, 2) A previously demonstrated POR (<3 oocytes with a
conventional stimulation protocol), 3) An abnormal ovarian
reserve test results (i.e., antral follicular count <5-7 follicles
or anti-Miillerian hormone <0.5-1.1 ng/mL) (1). Patients with
other infertility factors were excluded from the study.

Patients underwent controlled ovarian hyperstimulation
with the multi-dose GnRH antagonist and with a starting
gonadotropin (recombinant FSH or human menopausal
gonadotropin) dose of =300 IU, which were administered
from the second day of the cycle. GnRH antagonist (Ganirelix;
Merck Sharp and Dohme) was started 0.25 mg subcutaneously
from the day that the diameter of the leading follicle reached
=14 mm or serum estradiol (E,) reached >350 pg/mL, until
the day of the trigger. Patients were excluded from the study
whose cycles were cancelled because of unresponsiveness to
the gonadotropins. Cases were triggered with a combination
250 mcg choriogonadotropin alpha (Ovitrelle; Merck) plus 0.2
mg triptoreline acetate (Gonapeptyl; Ferring) subcutaneously
when follicles reached =17 mm in diameter. Controls were
triggered only with 250 mcg choriogonadotropin alpha when
follicles reached =17 mm in diameter. Serum E, levels were
assessed on the day of the trigger. Transvaginal ultrasound-
guided oocyte picks up was performed 35 hours after
triggering.

Luteal phase supplementation was provided by daily
administration of 90 mg vaginal progesterone gel (Crinone;
Serono) from the day after oocyte pick up until either a
negative pregnancy test or 10 weeks of gestation. If patients had
embryos after oocyte retrieval, transfer day and the number of
transferrable embryos were assessed according to embryo
quality and number of embryos. One proficient physician
transferred whole embryos that were at the cleavage stage.
Embryo quality was based on cleavage and morphology scores

assessing the size equality and percentage of the fragmentation
rate of the cells, as described by Veeck (15).

Serum B-hCG level was measured 14 days after embryo transfer
and positive pregnancy was defined above the level of >5 IU/L.

Outcome variables

The primary outcome was MII, fertilization and top-quality
embryo rates. Secondary outcomes were clinical and ongoing
pregnancy rate. Clinical pregnancy was defined as the presence
of a positive heart beat after 4 weeks of positive pregnancy.

Statistical analysis

Statistical analyses were performed using the NCSS (Number
Cruncher Statistical System) 2007 (Kaysville, Utah, USA). Data
are presented as mean, standard deviation, median (range),
ratio, minimum and maximum. Student’s t-test was used to
compare parametric data and the Mann-Whitney U test was
used to compare non-parametric data. Qualitative clinical
outcomes were examined using Fisher’s exact test. P<0.05
was considered statistically significant.

Results

The baseline characteristics are shown in Table 1. In the
hCG trigger group, day 3 FSH (9.6+5 vs 11%3.7, p=0.006)
was significantly higher than the dual trigger group. Other
characteristics did not significantly differ between the dual
trigger group and the hCG trigger group.

In terms of the cycle characteristics of the two groups, total
dose of gonadotropins (3165.4+1124.2 vs 3839.5+805.5 IU,
p=0.001) and E, on trigger day (647.5+361.9 vs 923.9+603.1
pg/mL; p=0.017) were significantly higher in the hCG trigger
group. Other parameters did not significantly differ between
the dual trigger group and the hCG trigger group (Table 2).
Dual trigger group compared with hCG trigger group with
regards to implantation rate, biochemical pregnancy rate,
clinical pregnancy rate, and ongoing pregnancy rate. There was
no statistically significant differences between ICSI outcomes
(Table 3). We detected no OHSS in either group.

Discussion

This case-control study assessed the effect of dual triggering
through an antagonist stimulation protocol in poor responder
women undergoing ICSI cycles. Although total gonadotropin
doses and E, levels on the trigger day were higher in hCG
trigger group, the results of this study suggest there was no
clinical difference when a dual trigger was used instead of an
hCG trigger in poor responder women.

hCG triggers are used conventionally in IVF/ICSI cycles.
Although this technique is thought to be successful, researchers
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are investigating new tools to prevent OHSS and to improve the
extent of mature oocytes obtained.

The GnRH agonist trigger was first introduced by Gonen et al.
(3). Triggering with a GnRH agonist causes the release of both
FSH and LH a natural cycle flares up, which is considered to be
more physiologic. A Cochrane meta-analysis showed triggering
with GnRH agonist instead of hCG was an acceptable method by
transferring freeze/thaw embryos compared with conventional
trigger in fresh cycles. The GnRH agonist trigger had similar live
birth rates with a substantial reduction in OHSS rates (16). After
an agonist trigger was defined, triggering with hCG and FSH
concomitantly showed the improvement of oocyte maturation
and fertilization in a previous study (17). GnRH receptors were
identified in the endometrium, in preimplanted embryo, and in
ovarian granulosa cells other than in the pituitary, and ovulation
has been regulated by GnRH (18-20). Moreover, Raga et al.
(21) showed that a GnRH agonist improved preimplantation
embryonic developments in a murine model, independent of
FSH.

The dual trigger was first introduced by Shapiro et al. (6). Despite
there being a scarcity of studies that investigated the impact of
a dual trigger in the literature; a dual trigger with standard dose
hCG provided higher oocyte retrieval numbers (7,12), higher
numbers of retrieved M2 oocytes (7,12), higher M2 oocyte rates
(7,22), higher numbers of cryopreserved embryos (7,23); and
improved implantation (7), clinical pregnancy (7,14) and live
birth rates (7) in normal responder patients.

In our study, we hypothesized that a GnRH agonist and release
of FSH due to a GnRH agonist flare up might have dual influence
and may enhance oocyte quality, M2 oocyte rate, fertilized
oocytes, and embryo quality, without affecting endometrial
receptivity and implantation in poor responders. However, we

found no differences in M2 oocyte retrieval, M2 oocyte rates,
number of total oocytes retrieved, fertilized oocytes, fertilization
rates, top and good quality embryos, and top-quality embryo
rates between the dual trigger group and the hCG trigger group.
Despite an enhancement of IVF/ICSI outcome when triggering
with dual triggers in normal responder patients, the lack of
difference between these parameters may depend on the
reason of an underlying oocyte dysfunction. Aneuploidy and
poor oocyte maturity is still the main problem needed to be
solved in poor responder patients (24).

Although GnRH agonist triggers have been shown to induce
oocyte maturation, low pregnancy and increasing miscarriage
rates were associated with luteal phase insufficiency (25,26).
Intensive luteal E; and progesterone were used to provide
luteal phase support but results were conflicting. Babayof et al.
(27) used this protocol first in patients at high risk for OHSS
and this study showed poor reproductive outcomes. This result
may be due to their low number of patients. In a previous
prospective randomized study, Engmann et al. (28) found
similar implantation and clinical pregnancy rates in patients at
high risk for OHSS undergoing IVF. Despite using intensive luteal
support, a retrospective study showed decreased implantation
and pregnancy rates in OHSS patients with high risk (29). Other
methods to support the luteal phase with GnRH agonist trigger
include the use of hCG after the GnRH agonist trigger and dual
trigger. Modified luteal phase support with hCG after a GnRH
agonist trigger has shown similar results in implantation, and
clinical and ongoing pregnancy rates compared with hCG (30).
In the dual trigger method, hCG prevents the luteolytic effect
of GnRH agonist and provides adequate luteal phase support
(6). Although the implantation and pregnancy rates were not
significantly different in normal responder patients undergoing

Table 1. Comparison of the dual trigger and human chorionic gonadotropin trigger: demographic characteristics

Total (n=109) Dual trigger (n=47) | hCG trigger (n=62) |p

Age (year) Mean = SD 35.6+3.9 35.3+4.1 35.8+3.8
Min-max (Median) 27-47 (36) 27-47 (36) 27-44 (36) 04952

BMI (kg/m?) Mean + SD 25.4%2.5 25.9+2.3 25x2.7 0.0802
Min-max (Median) 19.78-30.86 (26.1) 19.78-29.62 (26.3) 20.28-30.86 (25.1)

Durationof infertility (years) Mean = SD 7.7£5.7 8.2+5.5 7.2+5.8 0.951b
Min-max (Median) 1-25 (6) 1-20 (7) 1-25 (5)

Number of antral follicle counts | Mean + SD 4.8+1.7 5+1.8 4.7+1.7 0.203b
Min-max (Median) 1-8 (5) 2-7(6) 1-8 (5)

Basal FSH (IU/L) Mean = SD 10.4+4.3 9.6+5 11+3.7 0.006%%b
Min-max (Median) 3.1-26.1 (9.57) 3.05-26.1 (8.7) 4.2-21 (10.3)

Basal E, (IU/L) Mean + SD 64.1+64.8 51.4x32.4 73.7+80 0.132b
Min-max (Median) 11.8-472 (45.3) 20-206 (44) 11.8-472 (48)

a; Student’s t-test; P: Mann-Whitney U test; *: p<0.05; **: p<0.01; SD: Standard deviation; hCG: Human chorionic gonadotropin; BMI: Body mass index;

FSH: Follicle-stimulating hormone; E,: Estradiol; Min: Minimum; Max: Maximum
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Table 2. Comparison of the cycle characteristics between the dual trigger and human chorionic gonadotropin

trigger
Total (n=109) Dual trigger (n=47) hCG trigger (n=62) pP
Duration of stimulation (day) Mean =+ SD 8.5+1.9 8.5+2.1 8.5+1.7 0.935
Min-max 4-13 (8) 4-13 (9) 6-13 (8)
(Median)
Total dose of gonadotropins Median = SD 3548.9+1008.6 3165.4x1124.2 3839.5+£805.5 0.001%*
v Min-max 1200-5850 (3600) 1200-5550 (3000) 1800-5850 (3600)
(Median)
E, on trigger day (pg/mL) Mean = SD 804.7+529.3 647.5+361.9 923.9+603.1 0.017*
Min-max 169-2812 (696) 169-1506 (547) 238-2812 (721.5)
(Median)
Number of M2 oocytes Mean + SD 2+1.5 1.7x1.4 1.9%1.5 0.423
retrieved Min-max 0-6 (1) 0-5 (1) 0-6 (2)
(Mediyan)
MII rate Mean = SD 0.8+0.3 0.8+0.3 0.8+0.3 0.384
Min-max 0-1(1) 0-1(1) 0-1(0.7)
(Median)
Number of total oocytes Mean + SD 24x1.7 2.2+1.6 2.6x1.8 0.227
retrieved Min-max 0-8(2) 0-6 (2) 0-8 (3)
(Median)
Number of fertilized oocytes Mean + SD 1=x1.2 1+1.01 1.1x1.3 0.778
Min-max 0-5 (1) 0-4 (1) 0-5 (1)
(Median)
Number of top quality embryos | Mean * SD 0.3+0.5 0.3+0.5 0.4x0.5 0.607
obtained Min-max 0-1(0) 0-1(0) 0-1(0)
(Median)
Number of good quality Mean + SD 0.9+0.7 0.9%+0.7 0.8+0.7 0.643
embryos obtained Min-max 0-2 (1) 0-2 (1) 0-2 (])
(Median)
Top quality embryo rate Mean + SD 0.2x0.4 0.2x0.3 0.3x0.4 0.522
Min-max 0-1 (0) 0-1 (0) 0-1 (0)
(Median)
Transfer day Mean + SD 2.5x0.7 2.6+0.8 2.4%0.6 0.206
Min-max 1-5(2) 2-5(3) 1-3(2)
(Median)
Number of embryos transferred | Mean + SD 1.3+0.5 1.2+0.4 1.3+0.5 0.598
Min-max 1-2 (1) 1-2 (1) 1-2 (1)
(Median)

Max: Maximum

b: Mann-Whitney U test; *: p<0.05; **: p<0.01; E,: Estradiol; SD: Standard deviation; hCG: Human chorionic gonadotropin; MII: Metaphase II; Min: Minimum;

Table 3. Comparison of the standard and dual trigger methods

Dual trigger hCG trigger P
Fertilization rate (%) 41.6 (42/101) 43 (67/156) 0.829¢
Implantation rate (%) 3.2 (1/31) 9.3 (4/43) 0.3044d
Biochemical pregnancy rate (%) per transferred cycle 16 (4/25) 12.1(4/33) 0.815¢
Clinical pregnancy rate (%) per transferred cycle 4 (1/25) 12.1(4/33) 0.378¢
Ongoing pregnancy rate (%) per ET 3.2 (1/31) 7 (3/43) 0.635¢

¢: Pearson’s chi-square; d: Fisher’s exact test; ET: Essential thrombocythemia
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ICSI in a previous randomized controlled study, other reports
showed promising pregnancy results (7,8,14,23). In our study,
implantation and clinical and ongoing pregnancy rates were not
statistically significant. According to the previously mentioned
studies, luteal phase deficiency was not a concern in dual trigger
cycles. However, the lack of difference between implantation,
clinical and ongoing pregnancy rates in our study might be due
to our patient population who were all poor responders.

A limitation of this study is that it was underpowered regarding
the implantation rate, biochemical pregnancy rate, clinical
pregnancy rate, and ongoing pregnancy rate due to the low
poor responder population in our clinic. Another limitation is
that the hCG trigger group was recruited retrospectively.

In conclusion, no statistical significance was found between
a dual trigger and conventional hCG trigger. However, larger
prospective randomized controlled studies are needed to
evaluate whether a dual trigger enhances oocyte maturation
and improves ICSI outcome in poor responders.

Ethics Committee Approval: The ethics committee approval
of this study was obtained from Istanbul Zeynep Kamil Women
and Child Diseases Training and Research Hospital (Ethics
board number: 05/06/2015-84).

Informed Consent: Informed consent was taken to all
participants.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.E., B.D., EBE., CYA;
Design - A.E.; Materials - B.D., E.B.E., C.Y.A.; Writer - A.E.

Conflict of Interest: No conflict of interest is declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Ferraretti AP, La Marca A, Fauser BC, Tarlatzis B, Nargund G,
Gianaroli L, et al. ESHRE consensus on the definition of 'poor
response' to ovarian stimulation for in vitro fertilization: the Bologna
criteria. Human Reprod 2011; 26: 1616-24.

2. Patrizio P, Vaiarelli A, Levi Setti PE, Tobler KJ, Shoham G, Leong
M, et al. How to define, diagnose and treat poor responders?
Responses from a worldwide survey of IVF clinics. Reprod Biomed
Online 2015; 30: 581-92.

3. 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: 918-22.

4. Beck-Fruchter R, Weiss A, Lavee M, Geslevich Y, Shalev E. Empty
follicle syndrome: successful treatment in a recurrent case and
review of the literature. Hum Reprod 2012; 27: 1357-67.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hhas J, Zilberberg E, Dar S, Kedem A, Machtinger R, Orvieto R. Co-
administration of GnRh-agonist and hCG for final oocyte maturation
(double trigger) in patients with low number of oocytes retrieved
per number of preovulatory follicles-a preliminary report. J Ovarian
Res 2014; 7: 77.

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: 231-3.

Lin MH, Wu FS, Lee RK, 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: 1296-302.

Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C.
Comparison of "triggers" using leuprolide acetate alone or in
combination with low-dose human chorionic gonadotropin. Fertil
Steril 2011; 95: 2715-7.

O'Neill KE, Senapati S, Maina I, Gracia C, Dokras A. GnRH agonist
with low-dose hCG (dualtrigger) is associated with higher risk of
severe ovarian hyperstimulation syndrome compared to GnRH
agonist alone. J Assist Reprod Genet 2016; 33: 1175-84.

Jung YH, Kim YY, Kim MH, Yoo YJ, Jo JD. Optimal usage of dual
trigger to prevent HSS in a long protocol IVF cycle. Fertil Steril 2014;
102: 222.

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: 63-
8.

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: 405-9.

Zilberberg E, Haas J, Dar S, Kedem A, Machtinger R, Orvieto R.
Co-administration of GnRH-agonist and hCG, for final oocyte
maturation (double trigger), in patients with low proportion of
mature oocytes. Gynecol Endocrinol 2015; 31: 145-7.

Schachter M, Friedler S, Ron-El R, Zimmerman AL, Strassburger D,
Bern O, et al. 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: 1087-93.

Veeck L. Preembryo grading. In: Veek LL, editor. Baltimore:
Williams & Wilkins; 1991. p. 121-44.

Youssef MA, Van der Veen F, Al-Inany HG, Mochtar MH, Griesinger
G, NagiMohesen M, et al. Gonadotropin-releasing hormone
agonist versus HCG for oocyte triggering in antagonist-assisted
reproductive technology. Cochrane Database Syst Rev 2014:
CD008046.

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: 1655-60.

Kim YA, Kim MR, Lee JH, Kim JY, Hwang KJ, Kim HS, et al.
Gonadotropin-releasing hormone agonist reduces aromatase
cytochrome P450 and cyclooxygenase-2 in ovarian endometrioma
and eutopic endometrium of patients with endometriosis. Gynecol
Obstet Invest 2009; 68: 73-81.

Jelodar GA, Gholami S, Jafarpour F. Effect of GnRH on guinea pig
endometrium at preimplantation stage. Indian J Exp Biol 2007; 45:
242-6.



J Turk Ger Gynecol Assoc 2018; 19: 98-103

Eser et al.
Dual trigger in poor responder patients

103

20.

21.

22.

23.

24.

25.

Yu B, Ruman J, Christman G. The role of peripheral gonadotropin-
releasing hormone receptors in female reproduction. Fertil Steril
2011; 95: 465-73.

Raga F, Casan EM, Kruessel J, Wen Y, Bonilla-Musoles F, Polan
ML. The role of gonadotropin-releasing hormone in murine
preimplantation embryonic development. Endocrinology 1999;
140: 3705-12.

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: 231-3.

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: 203-9.

Liu XJ. Targeting oocyte maturation to improve fertility in older
women. Cell Tissue Res 2016; 363: 57-68.

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.

26.

27.

28.

29.

30.

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

Babayof R, Margalioth EJ, Huleihel M, Amash A, Zylber-Haran E,
Gal M, et al. Serum inhibin A, VEGF and TNF alpha levels after
triggering oocyte maturation with GnRH agonist compared with
HCG in women with polycystic ovaries undergoing IVF treatment: a
prospective randomized trial. Hum Reprod 2006; 21: 1260-5.
Engmann L, DiLuigi A, Schmidt D, Nulsen J, Maier D, Benadiva C.
The use of gonadotropin-releasing hormone (GnRH) agonist to
induce oocyte maturation after cotreatment with GnRH antagonist
in high-risk patients undergoing in vitro fertilization prevents the risk
of ovarian hyperstimulation syndrome: a prospective randomized
controlled study. Fertil Steril 2008; 89: 84-91.

Orvieto R, Rabinson J, Meltzer S, Zohav E, Anteby E, Homburg
R. Substituting HCG with GnRH agonist to trigger final follicular
maturation a retrospective comparison of three different ovarian
stimulation protocols. Reprod Biomed Online 2006; 13: 198-201.
Kol S, Humaidan P, Itskovitz-Eldor J. GnRH agonist ovulation trigger
and hCG-based, progesterone-free luteal support: a proof of
concept study. Hum Reprod 2011; 26: 2874-7.



