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Gonadotropin‑releasing hormone agonist trigger 
is a better alternative than human chorionic 

gonadotropin in PCOS undergoing IVF cycles for an 
OHSS Free Clinic: A Randomized control trial

ABSTRACT

OBJECTIVE: The objective of this study is to evaluate if gonadotropin‑releasing hormone 
agonist (GnRHa) trigger is a better alternative to human chorionic gonadotropin (hCG) in 
polycystic ovary syndrome (PCOS) of Indian origin undergoing in vitro fertilization (IVF) cycles 
with GnRH antagonist for the prevention of ovarian hyperstimulation syndrome (OHSS). 
DESIGN: Prospective randomized control trial. SETTING: Tertiary care center. 
MATERIALS AND METHODS: A total of 227 patients diagnosed with PCOS, undergoing 
IVF in an antagonist protocol were recruited and randomly assigned into two groups: 
Group A (study group): GnRHa trigger 0.2 mg (n = 92) and Group B (control group): 250 µg 
of recombinant hCG as trigger (n = 101) 35 h before oocyte retrieval. We chose segmentation 
strategy, freezing all embryos in both the groups. STATISTICAL ANALYSIS: Continuous 
variables were expressed as mean ± standard deviation independent sample t‑test and 
Kolmogorov–Smirnov test were used for continuous variables which were normally 
distributed and Mann–Whitney U‑test for data not normally distributed. MAIN OUTCOME 
MEASURES: Primary outcome: OHSS (mild, moderate, and severe) rates. Secondary 
outcomes: Maturity rate of the oocytes, fertilization rate, availability of top quality embryos 
on day 3 (Grade 1 and Grade 2). RESULTS: The incidence of moderate to severe OHSS 
in the hCG group was 37.6% and 0% in the GnRHa group with P < 0.001. The GnRHa 
group had significantly more mature oocytes retrieved (19.1 ± 11.7 vs. 14.1 ± 4.3), more 
fertilized oocytes (15.6 ± 5.6 vs. 11.7 ± 3.6), and a higher number of top quality cleavage 
embryos on day 3 (12.9 ± 4.7 vs. 7.5 ± 4.3) than the hCG group. CONCLUSIONS: The 
most effective strategy which significantly eliminates the occurrence of OHSS in PCOS 
following ovarian stimulation in antagonist IVF cycles is the use of GnRHa trigger yielding 
more mature oocytes and good quality embryos when compared with hCG trigger.
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INTRODUCTION

With a steady increase in the number of 
assisted reproductive technology cycles 
over the years, there has been an increase in 
the incidence of ovarian hyperstimulation 
syndrome (OHSS), posing an important 
medical problem for the clinicians.[1] Most 
of them are mild accounting for about 
20%–33%[2,3] with no adverse consequences 
to the patient. However, when OHSS is 
severe, it is associated with morbidity, the 
consequences may be lethal[4] and fatalities 
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have also been reported.[5] In in vitro fertilization (IVF) cycles 
following ovarian stimulation, the reported incidence of 
moderate to severe OHSS is 3%–8%, which increases to 
10%–20% in a high-risk population of polycystic ovary 
syndrome (PCOS).[6,7]

Exogenous human chorionic gonadotropin (hCG), 
surrogate for the endogenous mid-cycle surge of luteinizing 
hormone (LH) has been the gold standard trigger for final 
oocyte maturation in all IVF cycles. Due to its increased 
half-life when compared with LH and prolonged stimulatory 
effect on multiple corpora lutea is responsible for the entire 
cascade of OHSS through the vascular endothelial growth 
factor (VEGF) pathway mainly.[8,9] It has been proposed that 
the administration of a gonadotropin-releasing hormone 
agonist (GnRHa) instead of hCG, to induce the final 
oocyte maturation which is feasible in a GnRH-antagonist 
protocol[10] significantly reduces or eliminates the risk of 
OHSS.[11-16]

There have been concerns regarding the effectiveness 
of GnRHa to induce optimal oocyte yield and mature 
oocytes[12] which may lead to the reluctance of its routine 
use in PCOS for the prevention of OHSS. Like all other 
clinicians, we were also reluctant to use GnRHa in place 
of hCG as trigger in PCOS patients undergoing IVF cycles. 
The present study addresses if GnRHa trigger is a better 
alternative to hCG in all PCOS of Indian origin in terms 
of OHSS prevention, maturity of the oocytes, fertilization, 
and embryo quality.

MATERIALS AND METHODS

Study design and participants
This prospective randomized study was conducted in 
a university-affiliated tertiary care center. A total of 
227 patients diagnosed with PCOS, undergoing IVF in 
an antagonist protocol between May 2013 and November 
2015 was recruited for the study. Approval for the study 
was obtained from the Institutional Review Board and 
Ethics Committee. All participants before allocation signed 
an informed written consent form after counseling about 
alternative options of OHSS prevention (cycle cancelation). 
The study followed the Consolidated Standards of 
Reporting Trials guidelines for reporting of randomized 
controlled trials (RCTs).

Sample size
The overall incidence of OHSS in high-risk groups 
undergoing IVF has been reported as 32%[1,4] and based 
on earlier publications,[11-14] we hypothesized that GnRHa 
trigger should lead to an 80% relative decline in the 
incidence of OHSS. Based on a two-sided significance level 
of 0.05 and 95% power, it was anticipated that with a fallout 

rate of about 10%, at least 88 patients would need to be 
recruited over an 18–24 month period.

Patient population
Inclusion criteria were: (i) All PCOS defined as per the 
ESHRE/ASRM Rotterdam criteria (2003) demonstrating 
two of the three criteria: (a) Oligo or anovulation, 
(b) clinical and/or biochemical signs of hyperandrogenism, 
(c) polycystic ovaries (as defined on ultrasonography): 12 or 
more follicles measuring 2–9 mm in diameter or increased 
ovarian volume (>10 cc) were recruited for the study, (ii) age 
20–37 years, (iii) normal early follicular phase serum follicle 
stimulating hormone (FSH) concentration (<10.0 IU/L), 
(iv) body mass index (BMI) >18 and <30 kg/m2, (v) presence 
of both ovaries, (vi) indication for IVF/intracytoplasmic 
sperm injection (ICSI), (vii) stimulation in a GnRH 
antagonist protocol, (viii) willingness to participate in the 
study.

Exclusion criteria were: (i) Age >37 years, (ii) donor cycles 
using GnRHa trigger, (iii) patients with hypogonadotropic 
hypogonadism, (iv) surgical retrieval of sperms. Patients 
were recruited for the trial for only one cycle.

Randomization
Eligible PCOS women were recruited and randomly 
assigned into the two groups (Groups A and B) in a ratio 
of 1:1 by means of computer-generated sequence using 
sealed opaque envelopes. Selection into the groups and 
randomization into the appropriate treatment protocol 
was performed by a study coordinator, and the sequence 
of allocation was concealed. The study was not blinded 
because the patients, as well as the clinicians, were aware 
of the treatment group.

Ovarian stimulation, patient monitoring, and 
cryopreservation
All subjects were pretreated with oral contraceptive pills 
in the previous cycle. Before starting stimulation, day 2 
FSH, LH, estradiol (E2), progesterone (P4), anti-mullerian 
hormone (AMH), and a baseline transvaginal scan was 
performed in all the patients. Controlled ovarian stimulation 
was started on day 2/3 of cycle with recombinant FSH, (Recagon, 
Organon). The starting dosage was individualized taking 
into consideration the patient’s age, BMI, antral follicle 
count (AFC), AMH, and previous ovarian response to 
stimulation and ranged from 112.5 to 175 IU daily for 4 days. 
Thereafter, the dose was adjusted on the basis of ovarian 
response and serum E2. Flexible multiple dose protocol was 
followed wherein GnRH antagonist, Ganirelix (Orgalutran, 
Organon) 0.25 mg/day subcutaneous (s.c) was started when 
the leading follicle was >14 mm and/or serum E2 concentration 
was >300 pg/mL. Both gonadotropin and antagonist were 
continued till the day of ovulation trigger. Monitoring of 
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follicular growth was achieved with serial ultrasound and 
serum E2 measurements and the dose of gonadotropins 
adjusted accordingly if necessary. GnRHa was administered at 
least 12 h after the last dose of GnRH antagonist. On the day of 
trigger, serum E2, LH, and P4 concentrations were measured. 
When three leading follicles achieved 17 mm diameter, final 
oocyte maturation was triggered with a single dose of 0.2 mg 
of Triptorelin (Decapeptyl, Ferring), s.c in Group A and with 
recombinant hCG (rhCG), (Ovitrelle, Serono) 250 mcg s.c in 
Group B. Transvaginal ultrasound-guided oocyte retrieval 
was performed 35 h post-trigger under intravenous sedation 
with single lumen oocyte retrieval needle progesterone. 
Coasting was not done in any cycle. Oral medroxy acetate, 
10 mg twice daily for a week was administered starting on 
the day of oocyte pick-up to avoid spotting and breakthrough 
bleeding.

Intra cytoplasmic sperm injection (ICSI) was performed 
in all cases as per the standard operating procedure of 
the hospital. Fertilization was assessed 18 h following 
ICSI by the appearance of two pronuclei. Cleavage stage 
embryos were graded as per the Istanbul consensus: 
Grade 1 (good): <10% fragmentation, stage-specific cell 
size and no multinucleation. Grade 2 (fair): 10%–25% 
fragmentation, stage-specific cell size for majority of 
cells and no evidence of multinucleation. Grade 3 (poor): 
Severe fragmentation (>25%), cell-size not stage-specific 
and evidence of multinucleation. Embryos were vitrified 
by open system using cyrolock with 15% ethylene 
glycol, 15% dimethylsulfoxide, and 0.5 mol/L sucrose as 
cryoprotectants (Sage Vitrification Kit, Origio). Grade 1 and 
2 embryos were taken as top quality embryos which were 
frozen and all others being discarded.

Safety and tolerability assessment
The diagnosis of OHSS was based on the criteria by Navot 
et al.[8] An assessment for signs and symptoms of OHSS was 
performed on day 4 and 7 following oocyte retrieval which 
included a history and physical examination by a clinician. 
In case of symptoms such as abdominal distension/pain, 
nausea, vomiting, diarrhea, or any difficulty in breathing, 
patients were advised to present themselves at any point 
of time within 2 weeks of trigger administration. Based on 
the clinical symptoms, transvaginal sonography to assess 
the ovarian size, free fluid in pouch of Douglas, paracolic 
gutters, Morrison’s pouch, pleura, and a blood sample for 
E2 and to detect hemoconcentration defined as a hematocrit 
of 45%[8] was performed.

Immunoassay of hormones
Serum concentrations of FSH, LH, E2, and P4 were 
assayed using an automated electrochemiluminescent 
immunoassay system (e411 Roche Cobas). Assay sensitivity 
for FSH was 0.1 mIU/mL and for LH was 0.1 mIU/mL. 

Linearity for FSH and LH was 200 mIU/mL. The minimum 
detection limit of E2 was 5.0 pg/mL and linearity up to 
4300.0 pg/mL. The intra-(CVw) and inter-assay (CVb) 
coefficients of variation (CV) were 1.8% and 1.8%, 5.3%, and 
5.1% at a mean value of 1.2 and 103 mIU/mL, respectively 
for FSH. Similarly, CV’s for LH were 1.2% and 0.9%, 
2.0%, and 2.2% at concentrations of 5.81 and 159 mIU/mL. 
The CV’s for E2 was 5.7% and 1.9%, 6.2%, and 2.8% for 
concentrations of 34.8 pg/mL and 1018 pg/mL, respectively. 
AMH was measured using generation 2 ELISA kit (Beckman 
Coulter, sensitivity: 0.08 ng/mL, linearity: 0.16–22.5 ng/mL) 
having CVw of 5.4% and 3.6% and CVb of 5.6% and 4.5% at 
concentrations of 4.42 ng/mL and 14.03 ng/mL, respectively.

Outcome measures
Primary outcome
OHSS (mild, moderate, and severe) rates.

Secondary outcomes
Maturity rate of the oocytes, fertilization rate, availability 
of top quality embryos on day 3 (Grade 1 and Grade 2). 
Oocyte maturity was defined as the ratio of metaphase 
II (MII) oocytes to the total number of oocytes collected. 
Fertilization rate was defined as the ratio of normal fertilized 
oocytes (two pronuclei) to the number of MII oocytes.

Statistical analysis
Data were analyzed using Statistical Package for Social 
Sciences version 16.0 (SPSS Inc., USA). Continuous 
variables were expressed as mean ± standard deviation and 
Chi-squared test for categorical variables where appropriate. 
Independent sample t-test and Kolmogorov–Smirnov test 
were used for continuous variables which were normally 
distributed and Mann–Whitney U-test for data not normally 
distributed. P < 0.05 was considered statistically significant.

RESULTS

Participant flow
The participant flow is shown in Figure 1. Of the 227 PCOS 
patients screened for the study at our center, 210 were 
stimulated for IVF cycle. During stimulation before trigger, 
cycles were canceled in nine patients (Group A [n = 5]; 
Group B [n = 4]). In two patients, IVF cycle was converted 
into intrauterine insemination due to monofollicular growth 
and in Group A, two patients had a significant drop in E2 
levels and hence cycles were canceled. Patients with high E2 
levels >6000 ng/mL were excluded from analysis as additional 
measures (step-down protocol, cabergoline, intravenous [IV] 
albumin) was undertaken. Thus, 92 PCOS in Group A and 
101 in Group B were included in the main analysis.

Baseline and stimulation cycle characteristics
The age, BMI, causes, duration of infertility, parity, and 
seminal parameters were similar in both groups [Table 1]. 



Deepika, et al.: GnRHa trigger in PCOS for an OHSS free clinic

167Journal of Human Reproductive Sciences / Volume 9 / Issue 3 / Jul - Sep 2016

There were no significant differences with respect to 
AFC, duration of stimulation and the total dosage of 
gonadotropins. The AMH, number of dominant follicles 
(DFs) >17 mm, the number of intermediate follicles (IMFs) 
between 14 and 16 mm and peak E2 levels on the day of 
trigger was found to higher in the study group as compared 
to the control group [Table 2].

Outcomes
Primary outcome
Mild form of OHSS was seen in about 54 patients, of which 
53 (98.1%) was in the hCG group and only 1 patient (1.8%) 
was in the GnRHa group. The incidence of moderate to 
severe OHSS in the hCG group was 37.6% and 0% in the 
GnRHa group with P < 0.001 [Table 3].

Secondary outcomes
The GnRHa group had significantly more mature oocytes 
retrieved (19.1 ± 11.7 vs. 14.1 ± 4.3), more normally fertilized 
oocytes (15.6 ± 5.6 vs. 11.7 ± 3.6) and a higher number of top 
quality cleavage embryos on day 3 (12.9 ± 4.7 vs. 7.5 ± 4.3) 
than the hCG group [Table 4].

DISCUSSION

Ovarian hyperstimulation syndrome is encountered 
in clinical practice as an iatrogenic complication by an 
exaggerated response of ovarian stimulation in the aim 

Table 1: Baseline characteristics
Variables Group A 

(GnRHa), 
n=92

Group B 
(hCG), 
n=101

P

Age (years) 29.1±3.8 29.06±3.6 0.943
Primary infertility, n (%) 54 (58.7) 64 (63.3) 0.58
Secondary infertility, n (%) 38 (41.3) 37 (36.7) 0.57
Duration of infertility 6.8±2.8 6.2±2.3 0.168
Irregular menstrual cycles, n (%) 45 (48.9) 51 (50.5) -
Clinical hyperandrogenemia, n (%) 31 (33.7) 36 (35.6) -
BMI (kg/m2) 25±3.7 24.9±3.8 0.901
Values are expressed as mean±SD (95% CI) and n (%). P<0.05=Statistically significant. BMI=Body 
mass index, CI=Confidence interval, SD=Standard deviation, GnRHa=Gonadotropin‑releasing 
hormone agonist, hCG=human chorionic gonadotropin

Table 2: Stimulation cycle characteristics
Variables Group A 

(GnRHa), 
n=92

Group B 
(hCG), 
n=101

P

Day 2 FSH 5.2±1.5 5.1±1.3 0.683
AFC 26.3±4.8 25.1±4.5 0.08
AMH (ng/mL) 5.7±2.8 4.4±1.8 <0.001
Dosage of gonadotropin 1845±707 2095±906 0.127
Duration of stimulation 10±1.2 10±1.4 0.876
DF >17 12.7±4.3 10.9±2.9 0.001
IMF 14-16 mm 11.7±3.9 9.9±3.3 0.001
Peak E2 4678.1±1331 3870.4±1556 0.001
Peak P4 1.76±1.1 1.39±1.1 0.052
Values are expressed as mean±SD (95% CI). P<0.05=Statistically significant. FSH=Follicle 
stimulating hormone, AFC=Antral follicle count, AMH=Anti-mullerian hormone, DF=Dominant 
follicle, IMF=Intermediate follicle

Figure 1: CONSORT flowchart of the trial
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to produce multiple follicles so as to increase the number 
of oocytes available.[1,17] Severe OHSS is a potentially 
life-threatening, grave complication and occurs in 
about 2%–6% of IVF cycles resulting in hospitalization 
in about 1.9% of cases.[18] It is associated with massive 
ovarian enlargement, shift of protein-rich fluid from 
the intravascular space to the third space (abdominal, 
thoracic cavity), liver dysfunction, electrolyte imbalance 
resulting in significant morbidity and rarely, mortality 
due to thromboembolic disease, adult respiratory distress 
syndrome, and hepatorenal failure.[1,4]

The main culprit triggering the syndrome is the presence 
of hCG[19] either exogenous or endogenous. Exogenous 
hCG administration results in early OHSS, an acute 
event usually occurring within 9 days after oocyte 
retrieval.[19,20] Late OHSS occurs after the initial 10-day 
period and is due to the endogenous hCG produced by 
an implanting embryo[4,20] or the administration of hCG 
for luteal phase support. hCG increases the ovarian 
vascular permeability and is responsible for activating 
the VEGF pathway resulting in OHSS. Prostaglandins, 
inhibin, renin-angiotensin-aldosterone system, insulin-like 
growth factor 1, interleukin-6, and other inflammatory 
mediators have all been implicated in the etiology of 
OHSS.[21] However, VEGF has been identified as the major 
mediator.[22] In addition, hCG has been shown to increase 
VEGF expression in the human granulosa cells, which in 
turn raises serum VEGF concentration thereby increasing 
the severity of OHSS.[21,22]

Exogenous hCG has been used to induce final follicular 
maturation in all IVF cycles as both hCG and LH bind 
to and activate the same receptor, LH receptor (LHR) 
which promotes follicular maturation, luteinization, and 
ovulation.[23] However, the hCG molecule has a high 
biological activity, which is about 6–7 times higher than 
the endogenous LH with a half-life exceeding 24 h, while, 
the half-life of LH is 60 min. hCG has a greater affinity to 
LHR as compared to LH, and thus exerts a more prolonged 
luteotrophic action for 8–9 days, multiple corpus luteum 
development and raised serum levels of E2 and P4 
throughout the luteal phase,[3] all of which increase the risk 
of developing OHSS.[6] This risk is similar for both urinary 
derived and rhCG.[24]

Various strategies have been used for preventing or 
decreasing the risks of OHSS: (1) Individualized controlled 
stimulation: Stimulation protocol is personalized after an 
assessment of primary risk factors.[25,26] (2) Choosing the 
right protocol: (a) Reducing the exposure to gonadotropins 
by “mild stimulation” protocols, where the administration 
of FSH is delayed until the mid to late follicular phase.[1] 
(b) Use of chronic low-dose protocol in PCOS.[27] (c) Use of 
GnRH antagonist protocols: Cochrane review showed that 
the incidence of severe OHSS was significantly lower in an 
antagonist protocol than in an agonist protocol (relative risk, 
0.61; 95% confidence interval [CI], 0.42–0.89; P = 0.01).[28] One 
of the advantages of GnRH antagonist protocol in high-risk 
patients is the potential use of GnRHa trigger. (3) Reduced 
dose of hCG trigger: As compared with the standard dose 
of 10,000 IU of hCG for trigger, doses of 5000 IU have 
been used without impairing the clinical outcome,[29] but 
questions do remain over its ability to reduce the risk of 
OHSS.[30] (4) Use of alternative agents as trigger – (a) GnRHa: 
In gonadotropin only or antagonist-stimulated cycles. 
(b) Recombinant LH: Mimics the natural LH surge and 
with a half-life of 10 h, a shorter and/or lower LH peak, it 
is expected that there should be a minimal risk of causing 
OHSS.[31] A poor cost/benefit ratio and decreased pregnancy 
rates reduces its applicability in the clinical situation.[1] 
(5) Use of insulin-sensitizing agents: A Cochrane review 

Table 3: Primary outcome
OHSS magnitude Trigger group, n (%) P

Group A 
(GnRHa), 

n=92

Group B 
(hCG), 
n=101

None 91 (90.1) 10 (9.9) <0.001
Mild 1 (1.9) 53 (98.1) <0.001
Moderate 0 35 (100) <0.001
Severe 0 3 (100) <0.001
Values are n (%). P<0.05=Statistically significant. GnRHa=Gonadotropin‑releasing 
hormone agonist, hCG=human chorionic gonadotropin, OHSS=Ovarian hyperstimulation 
syndrome

Table 4: Secondary outcomes
Variables Group A (GnRHa), (n=92) Group B (hCG), (n=101) P
Number of oocytes 23.5±7.8 20.8±5.4 0.006
Number of mature oocytes (MII) 19.1±11.7 14.1±4.3 <0.001
Maturity rate (%) 1760/2158 (81.6) 1530/2101 (72.8) <0.001
Number of fertilized oocytes (2PNs) 15.6±5.6 11.7±3.6 <0.001
Fertilization rate, n (%) 1518/1760 (86.2) 1191/1530 (77.8) 0.001
Top quality cleavage embryos 12.9±4.7 7.5±4.3 0.001
Top quality cleavage embryos, n (%) 84 (91.3) 75 (74.3) 0.002
Poor quality cleavage embryos, n (%) 8 (8.7) 26 (25.7) 0.002
Values are expressed as mean±SD (95% CI) and n (%). P<0.05=Statistically significant. CI=Confidence interval, SD=Standard deviation, GnRHa=Gonadotropin‑releasing hormone agonist, 
hCG=human chorionic gonadotropin, MII=Metaphase II, 2PNs=Two pronuclei
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by Tso et al. showed that the use of metformin 3 months 
before IVF lowers the risk of OHSS by 63%.[32] (6) Coasting: 
Coasting does not eliminate OHSS and may result in 
compromised cycle outcomes in terms of lower oocyte yield, 
decreased implantation and pregnancy rates, especially in 
cases of prolonged coasting.[33,34] DiLuigi et al. demonstrated 
that GnRHa prevents the development of OHSS in 
high-risk patients leading to improved clinical outcomes 
when compared to coasting.[35] (7) Cryopreservation of 
all embryos: Although early OHSS associated with hCG 
administration may still occur.[36] (8) Avoidance of hCG 
for luteal phase support in patients prone for OHSS.[1] 
Cochrane review showed that hCG potentiated the risk 
of OHSS with no effect on the clinical pregnancy and live 
birth rate.[37] (9) In vitro maturation (IVM): IVM is not widely 
used due to a reduced live birth rate in comparison with the 
standard IVF.[1] (10) Cycle cancellation: Cycle cancellation 
and withholding hCG is the only guaranteed method 
for the prevention of early OHSS.[38] However, in many 
cases, this will be the last resort for clinicians considering 
the financial impact and psychological distress that it 
causes to the patients. (11) Other possible strategies for 
preventing OHSS: (a) GnRH antagonist salvage: A decrease 
or plateau in serum E2 levels within 24–48 h after the initial 
administration of GnRH antagonist in IVF cycles may 
interrupt the development or progression of the condition 
while salvaging the current cycle.[1] (b) IV albumin and 
hydroxyethyl starch (HES): Binds to the vasoactive agents 
responsible for the development of OHSS and facilitate 
their removal from the circulation. HES is preferable over 
albumin as it is nonbiological and there was a statistically 
significant decrease in severe OHSS with HES use without 
any effect on pregnancy rates (Cochrane review by Youssef 
et al.)[39] The routine use of them to prevent OHSS cannot be 
recommended and requires more compelling evidence. (c) 
Dopamine agonists: Cabergoline acts at the VEGF receptor 
and thereby prevents VEGF-mediated vascular permeability 
through its antiangiogenic properties. Tang et al. in their 
Cochrane review[40] and Leitao et al.[41] in their systemic 
review[41] found cabergoline to be effective in preventing 
the occurrence of moderate and severe OHSS without 
any negative impact on the oocytes retrieved or clinical 
pregnancy. (d) Vasopressin-induced VEGF secretion 
blockade: A novel therapy, vasopressin V1a receptor 
antagonist, relcovaptan inhibits VEGF by modulating 
vasoconstriction and vascular smooth muscle proliferation, 
though further research in this area is required.[42] (e) 
Glucocorticoids: Inhibits both VEGF gene expression in the 
vascular smooth muscle cells and vasodilatation, though this 
does not eliminate the risk of OHSS and the nonspecificity 
of action may result in undesirable side effects.[43]

Of the various strategies enumerated above for the 
prevention of OHSS, the most effective strategy to date is the 

use of GnRHa as trigger in antagonist cycles, which virtually 
eliminates its occurrence as proven in various studies.[1,11-16] 
Itskovitz et al. in 1988,[44] first introduced the concept that 
GnRHa trigger eliminates OHSS in high-risk patients, 
10 years even before the GnRH antagonist era. With GnRH 
antagonists becoming more clinically in usage, GnRHa have 
gained much interest and has become possible to trigger 
final oocyte maturation and ovulation as an alternative 
to hCG.[12,45] The GnRHa displaces the antagonist from its 
receptor, activating the receptor, which causes a flare-up 
effect, inducing gonadotropin release. The GnRHa-induced 
surge, although effectively stimulates ovulation and oocyte 
maturation, there exist differences in regards to its duration 
and profile when compared to that of the natural cycle 
LH surge.[12,45] The GnRHa-induced LH surge consists 
of two phases: A short ascending limb (~4 h) and a long 
descending limb (~20 h), with a total duration of 24–36 h.[12] 
While, the LH surge of the natural cycle is characterized by 
three phases: A rapidly ascending phase of 14 h, a plateau 
phase lasting for 14 h, and a descending phase of 20 h, in 
total of 48 h.[12] Thus, the total amount of gonadotropins 
released with GnRHa trigger is significantly reduced 
when compared to natural cycle. The shorter duration of 
the endogenous LH surge induced by GnRHa trigger and 
the rapid demise of the corpora lutea by withdrawal of LH 
support reduces the risk of OHSS.[12,15,16,45] VEGF proves to 
be significantly lower in patients receiving GnRHa instead 
of hCG, both at the messenger RNA and protein level.[12]

We chose segmentation strategy,[46] freezing all embryos in 
both groups, followed by frozen-thawed embryo transfer in 
the subsequent cycle for these reasons. (1) Deferring fresh 
embryo transfer to prevent early onset OHSS. (2) To avoid 
the possibility of occurrence of late-onset OHSS in case 
of pregnancy by early embryonic hCG. Late-onset forms 
tend to be more often severe and of longer duration.[4] 
(3) Concerns of luteal phase deficiency following GnRHa 
trigger with fresh embryo transfers significantly lowering 
the implantation and ongoing pregnancy rates.[2,10,11] The 
optimal type of luteal phase support with a fresh transfer 
is still subjected to research and has not reached its final 
form.[47] (4) The advent of vitrification has enabled us in 
obtaining a high survival of embryos after warming with 
significantly higher ongoing pregnancy rates,[48] better 
obstetric and perinatal outcomes.[49] (5) To avoid embryo 
exposure to extremely high steroid levels. It has been shown 
that a high ovarian response to ovarian stimulation and the 
accompanying supraphysiologic steroid levels impairs the 
endometrial receptivity, as well as being embryo-toxic.[50]

In this study, although the number of DFs, IMFs, and peak E2 
on the day of trigger (12.74 ± 4.3 vs. 10.91 ± 2.9), (11.7 ± 3.9 vs. 
9.9 ± 3.3), and (4878.1 ± 2531 vs. 3870.4 ± 1556), respectively 
was all higher in the study group as compared with the 
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hCG group [Table 2], yet none developed moderate or 
severe OHSS (0% in GnRHa group vs. 37.6% in hCG 
group) [Table 3]. In concordance, two randomized studies 
in patients at risk of OHSS by Babayof et al.[51] and Engmann 
et al.[13] reported an incidence of 31% OHSS in the hCG group 
versus 0% in the GnRHa trigger group. Similar results were 
obtained by Griesinger et al.[52] and Manzanares et al.[53] in 
PCOS and high responders with an incidence of 0% OHSS in 
the GnRHa group. Cochrane review showed that the GnRHa 
was associated with lower risk of OHSS (mild, moderate, or 
severe) than hCG (eight RCTs, odds ratio [OR]: 0.15, 95% CI: 
0.05–0.47) in fresh autologous cycles.[47] In a recent systematic 
review and meta-analysis by Youssef et al. 2015,[54] GnRHa 
seem to be safer than traditional hCG due to the associated 
low risk of OHSS in fresh autologous cycles (ten RCTs, OR: 
0.06, 95% CI: 0.02–0.19).[54] However, majority of studies 
evaluated the role of GnRHa in normoresponders with 
normal to low risk of developing OHSS. The role of agonist 
trigger in terms of OHSS incidence was further elucidated 
used the donor-recipient model in randomized clinical trials 
and none of the patients developed OHSS whereas the OHSS 
incidence after hCG triggering was between 4% and 17%.[55,56] 
Cochrane review also confirmed a lower incidence of OHSS 
in the donors triggered with GnRHa group than in the hCG 
group (three RCTs, OR: 0.05, 95% CI: 0.01–0.28).[47]

In addition, the use of GnRHa trigger has resulted in 
higher patient convenience during the luteal phase, with 
less abdominal distension and discomfort as reported by 
Hernández et al.[57] and Cerrillo et al.[58] The patients in this 
study who were followed up on day 4 and 7 following 
oocyte retrieval were totally asymptomatic and almost 
none had nausea, vomiting, abdominal distension/pain in 
the GnRHa group. Only one patient in the GnRHa group 
manifested with nausea and mild abdominal discomfort 
on the 3rd day postoocyte retrieval and settled with 
symptomatic treatment. On the contrary, in the hCG group, 
35 patients had moderate OHSS, 13 of whom required 
hospitalization for 3–5 days and 3 patients (2.9%) had severe 
OHSS requiring intensive care in the hospital for 5–7 days.

With GnRHa trigger and fresh embryo transfer, the addition 
of hCG with standard luteal phase support to improve 
implantation and clinical pregnancy results in an increased 
risk of OHSS.[59] A high incidence of early-onset OHSS (22%) 
after GnRHa trigger was reported in a retrospective study 
in a population of high-responder patients who received 
a low-dose hCG rescue protocol. Here, the investigators 
proceeded with modified luteal phase protocol instead 
of a freeze-all policy, despite retrieval of as many as 
50–65 oocytes in some patients.[59] In a similar study by 
Datta et al.[60] an incidence of mild-to-moderate OHSS of 
16.2% with GnRHa trigger and 31.0% with hCG trigger in 
high responders with the addition of a single hCG dose 

of 1500 IU in the luteal phase was reported. However, 
this again was a retrospective study with a small sample 
size (GnRHa [n = 62]; hCG [n = 29]). On the contrary, 
an RCT in a high-risk population consisting of patients 
with a follicle count between 15 and 25 did not show any 
OHSS (0% in GnRHa vs. 2% in hCG), despite the use of 
the aforementioned low-dose hCG 1500 IU rescue in the 
luteal phase.[2,45] Thus, the need to set an upper cutoff limit 
of follicles for the use of hCG in luteal support in fresh 
transfer and freeze all policy after GnRHa trigger have 
been commented by Humaidan et al.[2] In the literature, 
two cases of severe OHSS after GnRHa trigger in GnRH 
antagonist protocol without the administration of any hCG 
for luteal phase support possibly due to GnRH receptor, 
FSH receptor, or LHR gene mutations has been reported.[61]

A possible advantage of the GnRHa-induced surge over 
the hCG-induced surge is the simultaneous induction of a 
surge of FSH resembling that of a natural cycle. Although 
the exact role of this mid-cycle FSH surge has not been 
clear, it has been shown that it promotes nuclear maturation 
with the resumption of meiosis.[12] This might explain the 
retrieval of more metaphase oocytes after GnRHa trigger 
compared with hCG trigger.[11,12,44,45] The retrieval of more 
mature oocytes in the GnRHa triggered group in this study 
when compared to the hCG group [Table 4] supports the 
previous clinical findings of a possible beneficial effect of 
the mid-cycle FSH surgeon oocyte maturity.

There has been no difference in the fertilization rates and 
embryo quality scores when GnRHa is used as trigger 
instead of hCG.[13,52,57] A meta-analysis by Griesinger et al. 
reported that the use of GnRHa to trigger final oocyte 
maturation in IVF compared well with hCG triggered cycles 
with respect to the number of mature oocytes obtained and 
subsequent embryonic cleavage.[62] In this study, there was 
a statistically significant higher number of mature oocytes, 
higher fertilization, and top quality embryos on day 3 
favoring GnRHa trigger [Table 4].

The strengths of this study, being a randomized control 
trial performed in Indian Asian PCOS population with 
an adequate sample size. The study had some limitations 
too. Although there were good number of top quality 
embryos available on day 3, they could have been cultured 
to blastocyst and then frozen instead of freezing all 
cleavage embryos on day 3. Furthermore, the outcome in 
frozen-thawed cycles including the live birth rate is being 
collected and will be reported when available.

CONCLUSIONS

The most effective strategy which virtually eliminates the 
occurrence of OHSS in PCOS after ovarian stimulation 
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in antagonist IVF cycles, is the use of GnRHa trigger in 
combination with cryopreservation leading to an “OHSS 
free clinic,” which can soon be a reality. Thus, the trigger 
of choice in PCOS should be GnRHa yielding more mature 
oocytes and good quality embryos when compared with 
hCG trigger. Furthermore, GnRHa triggering provides a 
higher patient convenience in the luteal phase, reducing 
the treatment burden and morbidity.
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