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Objective: Is a single dose of gonadotropin‑releasing hormone agonist  (GnRHa) 
trigger to induce final oocyte maturation in polycystic ovarian syndrome  (PCOS) 
undergoing in  vitro fertilization  (IVF) cycles with GnRH antagonist protocol 
sufficient to provide optimal oocyte maturity? Design: This is a prospective, 
randomized, double‑blind, proof‑of‑concept study. Setting: This study was carried 
out at a tertiary care center. Material and Methods: A total of 125 patients diagnosed 
with PCOS defined as per the ESHRE/ASRM Rotterdam criteria (2003) undergoing 
IVF in antagonist protocol were randomized into two groups. Group A: single dose 
of GnRHa 0.2 mg, 35 h prior to oocyte retrieval, and Group B: 0.2 mg GnRHa 35 h 
prior to oocyte retrieval +  repeat dose of 0.1 mg 12 h following the 1st dose. 12 h 
post-trigger, luteinizing hormone  (LH), progesterone  (P4), and follicle‑stimulating 
hormone  (FSH) values were estimated. Statistical Analysis: Continuous variables 
were expressed as mean  ±  standard deviation and categorical variables as 
proportions where applicable. Independent sample t‑test was used for continuous 
variables which were normally distributed and Mann–Whitney U‑test for data not 
normally distributed. Chi‑square test or Fisher’s exact test was used for categorical 
variables where appropriate. Odds ratio  (OR) with 95% confidence intervals  (CIs) 
was calculated. In addition, receiver operating characteristic curve was used to 
evaluate the post-trigger LH, P4, and FSH values at 12  h as predictors of oocyte 
maturity. Main Outcome Measures: Primary outcome: maturity rate of the 
oocytes. Secondary outcomes: oocyte yield, fertilization rate, availability of good 
quality embryos on day 3, blastocyst conversion, OHSS rates, post-trigger serum 
LH  (IU/L), FSH  (IU/L), and P4 (ng/mL) levels implantation rate and clinical 
pregnancy rate. Results: A  higher number of mature (metaphase II) oocytes were 
obtained in Group B compared to Group A (OR of 0.47; CI: 0.38–0.57; P < 0.01). 
Significantly a higher number of blastocysts were obtained in Group  B than 
Group A (4.00 vs. 3.04; P = 0.023). The odds of clinical pregnancy per patient were 
higher in Group B (OR = 0.56; CI [0.27–1.24]), with a trend towards better clinical 
pregnancy in Group  B than in Group A. Conclusions: A  repeat dose of GnRHa 
trigger 12  h following the first dose probably by maintaining a sustained level of 
gonadotropins yielded a better maturity of oocytes, higher number of blastocysts, 
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Introduction

Gonadotropin‑releasing hormone agonist (GnRHa) trigger 
for final oocyte maturation in gonadotropin‑releasing 

hormone antagonist  (GnRHA) protocol has been a 
revolutionary tool in the armamentarium of assisted 
reproductive technology. The GnRHa trigger effectively 
results in the induction of final oocyte maturation[1] and 
ovulation,[2] in comparison with the standard human 
chorionic gonadotropin  (hCG).[3] GnRHa trigger has 
been a boon in polycystic ovarian syndrome  (PCOS) 
patients undergoing in  vitro fertilization  (IVF) cycles, as 
it significantly reduces or nearly eliminates the risk of 
ovarian hyperstimulation syndrome  (OHSS) due to its 
shorter half‑life.[4‑7] However, there have been concerns 
regarding the effectiveness of GnRHa to yield optimal 
mature oocytes,[8] with a few cases of empty follicle 
syndrome  (EFS) and immature oocyte syndrome being 
reported.[9‑11] This has led to the clinicians been skeptical 
of using GnRHa as the trigger of choice even in indicated 
cases such as PCOS and hyper‑responders.

The gonadotropin response following GnRHa trigger has 
a much shorter duration when compared to that of an 
endogenous LH surge in a natural cycle.[4‑6] As a result of 
this, the expected response might be suboptimal. Hence, 
a single dose of GnRHa might not be able to induce an 
LH surge above a threshold level and for a threshold 
duration (mimicking physiological surge) that is required 
for adequate oocyte maturation, more so in women 
with PCOS who exhibit neuroendocrine abnormalities. 
Additionally, in PCOS due to the priming effect of 
pituitary gonadotropes by the supraphysiological 
estradiol concentrations, marked increase in the number 
of follicles, and inadequate number of luteinizing 
hormone  (LH) receptors  (in particular the intermediate 
and small follicles),[12] a single dose of GnRHa could 
possibly be insufficient to yield an optimal response. 
The aim of this study was to establish if a second dose 
of GnRHa repeated 12  h following the initial dose 
optimizes the cycle outcome in terms of oocyte maturity 
in women with PCOS of Asian origin.

Materials and Methods
Study design and participants
This prospective, randomized, double‑blinded study 
was conducted at a university‑affiliated tertiary care 

center. A  total of 125  patients diagnosed with PCOS, 
undergoing IVF in an antagonist protocol between 
June 2014 and December 2016, were recruited for the 
study. The study followed the Consolidated Standards of 
Reporting Trials guidelines for reporting of randomized 
controlled trials  (RCTs). All participants before 
allocation signed an informed consent form. Approval 
was obtained from the Institutional Ethical Committee 
(ECR/773/INST/KA/2012).

Sample size
The primary end point was the number of metaphase 
II (MII) oocytes. Sample size calculation was performed 
to detect a difference in the mean number of MII oocytes 
between the two groups. A  sample size of 42 in each 
group was estimated with an assumption of obtaining a 
mean difference of 5 MII oocytes, with 0.05 probability 
of type I error and power of 80%. Accordingly, a sample 
size of 100 (50 in each group) patients was needed to be 
randomized, taking into account the dropouts.

Patient population
Inclusion criteria were ‑ (i) All PCOS defined as per the 
ESHE/ASRM Rotterdam criteria[13] undergoing their first 
cycle of IVF;  (ii) aged 21–35  years;  (iii) normal early 
follicular phase serum FSH concentration  (<8.0  IU/L); 
(iv) body mass index  (BMI) >18 and  <30  kg/m2; 
(v) both ovaries present;  (vi) indication for IVF or 
intracytoplasmic sperm injection (ICSI); (vii) stimulation 
in a GnRH‑antagonist protocol; and  (viii) willingness to 
participate in the study.

Exclusion criteria were  ‑  (i) Age  >35  years;  (ii) cycles 
triggered with hCG;  (iii) donor cycles using GnRHa 
trigger;  (iv) severe male factor infertility;  (v) patients 
with hypogonadotrophic hypogonadism; and (vi) uterine 
abnormalities. Patients were recruited for the trial for 
only one cycle.

Randomization
Patients were randomized on the day of trigger by 
a computer‑generated sequence with sealed opaque 
envelopes into two groups of fifty each  [Figure  1]. 
Group  A: single dose of GnRHa 0.2  mg, 35  h prior 
to oocyte retrieval, and Group  B: 0.2  mg of GnRHa 
35  h prior to oocyte retrieval  +  repeat dose of 0.1  mg 
12  h following the first dose. GnRHa: triptorelin 
acetate  (decapeptyl) was administered at least 12  h 

and a trend towards higher clinical pregnancy than a single dose in PCOS patients 
undergoing IVF in antagonist cycles.

Keywords: Gonadotropin‑releasing hormone agonist trigger, 
gonadotropin‑releasing hormone antagonist, mature oocytes (metaphase II), 
polycystic ovarian syndrome, repeat dose
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after the last dose of GnRH antagonist. The study nurse 
coordinated the randomization process and distribution 
of medication. The clinician, embryologist, and the 
statistician were blinded as they were unaware of the 
treatment group.

Ovarian stimulation, cryopreservation, and frozen 
embryo transfer
All PCOS patients recruited for the study were pretreated 
with oral contraceptive pills in the previous cycle. 
Prior to starting stimulation, estimation of day 2/3 
follicle‑stimulating hormone  (FSH), LH, estradiol  (E2), 
progesterone  (P4), anti‑Mullerian hormone  (AMH), and 
a baseline transvaginal scan were performed in all the 
patients. Controlled ovarian stimulation was started with 
recombinant FSH (Gonal‑f®, Merck‑Serono) in the dosage 
of 112.5–175  IU per day for 4  days from cycle day 2/3 
according to age, BMI, antral follicle count, AMH, and 
previous ovarian response to stimulation. 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 lead follicle was  ≥14  mm and/or 
serum estradiol concentration was  >300  pg/mL. Both 
gonadotropin and antagonist were continued till the day 
of trigger. Follicular development was monitored by 
transvaginal sonography (TVS) using a 4–8 MHz vaginal 
probe (Aloka, Prosound 6). On the day of trigger, serum 

E2, LH, and P4 concentrations were measured. When 
three lead follicles achieved 17‑mm diameter, the final 
oocyte maturation was triggered with a single dose of 
0.2  mg s.c triptorelin (decapeptyl, Ferring) 35  h prior 
to oocyte retrieval in both the groups and in Group  B, 
a repeat dose of 0.1  mg 12  h following the first dose. 
We preferred using triptorelin as GnRHa trigger, as 
currently, most IVF cycles in Asia and Europe are 
triggered with triptorelin.[8,14] Post-trigger, LH, FSH, 
and progesterone levels were measured 12  h following 
the first dose of GnRHa. Transvaginal ultrasound‑guided 
oocyte pickup  (OPU) was performed 35 h following the 
first dose under intravenous sedation with single‑lumen 
oocyte retrieval needle (Swemed, Vitrolife). Coasting was 
not done in any patients. No other intervention for the 
prevention of OHSS was undertaken. Postpickup on days 
4 and 7, an assessment for symptoms and signs of OHSS 
and a transvaginal sonography to assess the ovarian 
size, free fluid in pouch of Douglas, paracolic gutters, 
Morrison’s pouch, and pleura was performed. However, 
in case of symptoms such as abdominal distension/pain, 
vomiting, and difficulty in breathing, patients were 
advised to present at any time within 2 weeks of GnRHa 
administration.

In all cases, intracytoplasmic sperm injection  (ICSI) 
was the mode of fertilization as per the standard 
operating procedure of the hospital. Fertilization 
was assessed 18  h following ICSI by the appearance 
of two pronuclei. Embryos were graded as per the 
Istanbul consensus;[15] cleavage‑stage embryos, 
Grade  1  (G1)  (good): <10% fragmentation, 
stage‑specific cell size, and no multinucleation. 
Grade  2  (G2)  (fair): 10%–25% fragmentation, 
stage‑specific cell size for majority of cells, and no 
evidence of multinucleation. Grade 3 (G3) (poor): severe 
fragmentation  (>25%), cell size not stage specific, 
and with evidence of multinucleation. Blastocysts 
were graded as follows: 1  –  early; 2  –  blastocyst; 
3  –  expanded; 4  –  hatched/hatching; inner cell mass: 
1  (good)  –  prominent, easily discernible, with many 
cells that are compacted and tightly adhered together; 
2  (fair)  –  easily discernible, with many cells that are 
loosely grouped together; 3  (poor) – difficult to discern, 
with few cells; trophectoderm: 1  (good)  –  many cells 
forming a cohesive epithelium; 2  (fair)  –  few cells 
forming a loose epithelium; 3  (poor)  –  very few cells. 
All embryos were cryopreserved by vitrification as 
described by Kuwayama et  al.[16] An open system 
using cryolock with 15% ethylene glycol, 15% 
dimethylsulfoxide  (DMSO), and 0.5 mol/L sucrose as 
cryoprotectants  (SAGE® vitrification kit, Origio) was 
used to vitrify the embryos. Blastocoel was collapsed 
with the help of laser  (Octax, MTG) and then vitrified 

Eligible PCOS patients for IVF
 (n = 125)

Excluded (n = 22)
♦ Failed to meet inclusion criteria (n = 13)
♦ Refused to participate (n = 9)

PCOS stimulated
(n = 103)

Cycles excluded (n = 3)
Significant drop in E2 (n = 1) 
IVF cycle was converted into IUI (n = 2)

Randomized on the day
of trigger n = 100

Allocated to Group A (n = 50)  Allocated to Group B (n = 50)

Lost to follow-up (n = 0)  Lost to follow-up (n = 0)

Intent to treat (n = 50)  Intent to treat (n = 50)

Had embryos frozen (n = 48)
Excluded for final analysis
(n = 2); 1-EFS, 1-PQE
FET cycles (n = 74)

Had embryos frozen (n = 50)
Excluded for final analysis
(n = 0)
FET cycles (n = 82)

Enrollment

Allocation

Follow-up

Analysis

Figure 1: Consolidated Standards of Reporting Trials flowchart of 
participants in the study
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using the same protocol, as described for day‑3 embryos. 
As a policy, at least 50% of 8 cell Grade  1  (CG1) and 
G2 embryos were cryopreserved, G3 embryos being 
discarded, and the remaining of G1 and G2 were 
cultured to blastocyst and frozen.

All frozen embryo transfer (FET) cycles were performed 
following pretreatment with oral contraceptive pill in an 
artificial cycle with a daily dose of orally administered 
6  mg of estradiol  (Progynova; Zydus Cadila). When 
the endometrium evaluated by TVS was  >8  mm with 
triple‑layer morphology, it was considered mature. This 
was followed by endometrial priming with 3  days of 
injectable progesterone  (gestone 50  mg; Ferring) for 
cleavage embryos and 5  days for blastocysts. If the 
endometrial thickness was <7 mm on day 9, transdermal 
preparation of estradiol  (Oestrogel, Besins) was added 
and the dose of progynova was increased to 12  mg. 
If the endometrial thickness remained  <7  mm in spite 
of prolonged estradiol priming  (with a maximum 
of 7  days’ additional estrogen supplementation), the 
cycle was canceled. Embryos selected for transfer 
were thawed on the day of transfer using 1.0 M 
sucrose  (Sage‑thawing kit, Origio). Following thawing, 
embryo quality was assessed by morphologic evaluation. 
For cleavage embryos, blastomeric survival of  ≥50% 
(with clear cellular boundaries and no degeneration) and 
for blastocysts, the ability of the blastocoel to reexpand 
within 2–6  h postthaw was identified as a live embryo. 
If not, the embryos were taken as failed to survive and 
were discarded. Embryos that survived the thaw were 
placed in a culture medium until transfer was performed. 
Survival rate of the embryos following thawing was 
calculated as the number of viable embryos to the 
number of those thawed. The maximum number of 
embryos thawed and transferred per FET cycle was three 
in cleavage embryos and two in blastocysts. The transfer 
was performed under ultrasound guidance using Sure‑Pro 
Ultra catheter  (Wallace). Luteal‑phase supplementation 
was continued with vaginal progesterone and estradiol 
for 14  days and when pregnancy was achieved till 
10 weeks of gestation.

Immunoassay of hormones
Serum levels of FSH, LH, E2, and P4 were measured 
using an automated electro‑chemiluminescent 
immunoassay system  (Roche Cobas e411). The 
assay sensitivity for FSH and LH was 0.1  mIU/mL 
and linearity was 200  mIU/mL. The coefficients of 
variation  (CV) with intra‑  (CVw) and inter‑assay  (CVb) 
coefficients were 1.8% and 1.8% and 5.3% and 5.1%, at 
a mean value of 1.2 and 103 mIU/mL, respectively, for 
FSH. Similarly, for LH, the CVw and CVb were 1.2% and 
0.9% and 2.0% and 2.2%, respectively, at concentrations 

of 5.81 and 159  mIU/mL. The CVs for estradiol were 
5.7% and 1.9% and 6.2% and 2.8% for levels of 34.8 
and 1018  pg/mL, respectively. The minimum detection 
limit for serum E2 was 5.0  pg/mL and linearity was up 
to 4300.0  pg/mL. 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 and 14.03 ng/mL, respectively.

Outcome measures
Primary outcome
Maturity rate of the oocytes: oocyte maturity was 
defined as the ratio of MII oocytes  (presence of a polar 
body) to the total number of oocytes retrieved. Optimal 
oocyte maturity was defined as  >75% and poor oocyte 
maturity was defined as <75%.

Secondary outcomes
The secondary outcomes were oocyte yield, fertilization 
rate, blastocyst conversion, OHSS rates, and post-
trigger serum LH  (IU/L), FSH  (IU/L), and P4  (ng/mL) 
levels. Oocyte yield was defined as the ratio of the 
total number of collected oocytes to the total number 
of follicles  >12  mm on the day of oocyte pickup. 
Fertilization rate was defined as the ratio of normal 
fertilized oocytes  (2 pronucleases) to the number of 
MII oocytes. Following thawing, survivability rate of 
the embryos, implantation, and clinical pregnancy rates 
were also evaluated. Implantation rate was defined as 
the number of gestational sacs visible on TVS divided 
by the number of embryos transferred per patient. 
Clinical pregnancy was defined as a positive serum 
beta‑hCG  (b‑hCG) with transvaginal sonographic 
evidence of a gestational sac with fetal heart beat at 
6 weeks of gestation.

Statistical analysis
Data were analyzed using the Statistical Package for the 
Social Sciences version 16.0 (SPSS, USA). Continuous 
variables were expressed as mean  ±  standard deviation 
and categorical variables as proportions where 
applicable. Statistical analyses were performed using 
the Chi‑square test or Fisher’s exact test for categorical 
variables where appropriate. Independent sample 
t‑test was used for continuous variables which were 
normally distributed and Mann–Whitney U‑test for data 
nonnormally distributed. Odds ratio  (OR) with 95% 
confidence intervals  (CIs) was calculated. P < 0.05 was 
considered statistically significant. In addition, receiver 
operating characteristic  (ROC) curve was used to 
evaluate the post-trigger values at 12  h of LH  (LH12), 
P4, and FSH following the first dose as predictors of 
oocyte maturity.
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Results
Participant flow
The participant flow is depicted in Figure 1. Of the 
125 eligible PCOS patients screened for the study at 
our center, 103 underwent stimulation for IVF cycle 
in an antagonist protocol. During stimulation, cycles 
in three patients were canceled before trigger. For the 
final analysis, two patients in Group A were excluded; 
one patient had EFS and in the other patient, all oocytes 
had cytoplasmic abnormalities resulting in poor quality 
embryos. Accordingly, 156 FET cycles (74 in Group A; 
82 in Group B) took place. A  total of 98  patients 
underwent the first FET cycle, 49  patients underwent 
the second FET, and 9 patients underwent the third FET 
across the groups.

Baseline and stimulation cycle characteristics
The age, parity, causes, duration of infertility, and seminal 
parameters were similar in both the groups  [Table  1]. 
Majority of the patients had primary infertility  (76% in 
Group A and 82% in Group  B), with anovulation as the 
prime cause of infertility in about 38% in Group A and 
about 44% in Group  B. The duration of stimulation and 
the total dosage of gonadotropins were similar in both the 
groups. The number of dominant follicles  ≥17  mm was 
observed to be significantly greater in Group  A than in 
Group B [Table 1].

Outcomes
Table  2 shows the outcomes in both the groups. 
A  higher number of MII oocytes were obtained in 
Group  B than in Group A, with statistically significant 
odds favoring Group B  [Table  3], although the average 
number of oocytes retrieved was statistically greater in 
Group A [Table 2]. In addition, there was a significantly 

lower number of MIs  (2.76  ±  1.36  vs. 4.78  ±  2.90; 
P <  0.01) and Germinal vesicle (GV)s (0.64  ±  0.99  vs. 
1.84  ±  3.17; P  =  0.012) in Group  B when compared 
to Group  A. The odds favored Group  B significantly 
in the conversion of oocyte to MII and MII to 
fertilization [Table 3 and Figure 2]. A higher fertilization 
rate was observed in Group  B than Group  A. The 
odds for fertilization to cleavage and cleavage to 
8CG1 did not statistically favor either of the groups 
specifically  [Table  3]. However, because of improved 
odds in the initial two steps, there was a statistically 
significant higher number of blastocysts obtained in 
Group B than Group A [Table 2]. The 12 h post-trigger 
FSH, LH, and P4 values were the same in both the 
groups.

Table 1: Baseline and stimulation characteristics in both the groups
Variables Group A (n=50) Group B (n=50) P
Age (years) 29.80±3.71 29.30±3.24 0.47
Primary infertility n (%) 38 (76) 41 (82) ‑
Secondary infertility n (%) 12 (24) 9 (18) ‑
Duration of infertility 6.49±2.9 5.67±2.4 0.139
Irregular menstrual cycle n (%) 26 (52) 28 (56) ‑
Clinical hyper‑androgenemia n (%) 23 (46) 26 (52) ‑
BMI (kg/m2) 24.64±3.83 26.05±4.66 0.102
AMH (ng/mL) 5.87±3.13 6.07±2.96 0.745
AFC 25.16±4.76 25.96±8.39 0.559
Duration of stimulation (days) 10±1.18 10±1.36 0.876
Total dosage of gonadotropin 1845±707 2095±906 0.127
Dominant follicles ≥17 mm 13.72±4.45 11.54±5.46 0.030
Intermediate follicles 12‑16 mm 12.20±3.67 10.68±4.34 0.062
Peak E2 (pg/mL) 6379.02±2658.12 7041.44±3267.37 0.309
Peak P4 (ng/mL) 1.63±0.95 1.61±0.960 0.932
Values are expressed as mean±SD (95% CI) or n (percentage). P<0.05 ‑ statistically significant. BMI=Body mass index, AMH=Anti‑Mullerian 
hormone, AFC=Antral follicle count, SD=Standard deviation, CI=Confidence interval, E2=Estradiol, P4=Progesterone

Table 2: Outcomes
Variables Group A 

(n=50)
Group B 
(n=50)

P

Follicles >12 mm on 
the day of OPU

25.91±6.1 22.23±6.7 0.004

Oocytes retrieved 25.16±7.32 22.68±6.70 0.080
Mature oocytes (MIIs) 16.30±5.31 19.28±5.65 <0.001
Fertilized oocytes 15.58±4.82 17.97±5.07 0.043
8 CG1 embryos 12.26±4.29 13.28±3.79 0.211
Blastocysts 3.04±2.39 4.00±1.69 0.023
Post-trigger LH (IU/L) 42.79±14.17 41.27±13.42 0.615
Post-trigger FSH (IU/L) 24.9±13.9 29.2±12.8 0.120
Post-trigger P4 (ng/mL) 12.36±3.50 11.68±2.65 0.328
OHSS 0 0 ‑
All values are expressed as mean±SD (95% CI), P<0.05 ‑ statistically 
significant. LH=Luteinizing hormone, FSH=Follicle‑stimulating 
hormone, OHSS=Ovarian hyperstimulation syndrome, SD=Standard 
deviation, CI=Confidence interval, OPU=Oocyte pickup, 
P4=Progesterone, MII=Metaphase II, 8 CG1=8 cell Grade 1
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In FET cycle, the mean endometrial thickness in both 
the groups was 8  ±  2  mm. The mean survival rate of 
thawed embryos was 79% ± 20% and the odds for 
survivability of embryos was as follows: OR  =  1.49; 
CI: 0.95–2.35; P  =  0.08. In total, 336 embryos were 
transferred, with 225 blastocysts and 111 cleavage‑stage 
embryos replaced in 156  cycles across the groups; 
74 FET cycles in Group  A and 82 FET cycles in 
Group  B. The number of frozen‑thawed embryos 
transferred per cycle was comparable in both the groups 
(2.06  ±  0.245  vs. 2.02  ±  0.319, P  =  0.46). A  similar 
number of blastocyst transfers took place across both 
the groups, with 106 in Group A and 119 in Group B.

There was no significant difference in the implantation 
rates between the two groups. The average number 
of FET to achieve a clinical pregnancy was similar 
in both the groups  (1.52  vs. 1.62; P  =  0.382). The 
odds of clinical pregnancy per patient were higher in 
Group  B  (OR  =  0.56; CI  [0.27–1.24]), with a trend 
toward better clinical pregnancy in Group  B than in 
Group A [Table 3].

Discussion
For more than three decades, hCG has lucratively 
been used as a surrogate for the endogenous mid‑cycle 

LH surge in all IVF cycles as both hCG and LH bind 
to and activate the same receptor, LH receptor  (LHr), 
promoting follicular maturation, luteinization, and 
ovulation.[17] However, the hCG molecule has a high 
biological activity, which is about six to seven times 
higher than the endogenous LH with a half‑life 
exceeding 24  h, while, the half‑life of LH is 60  min. 
hCG also has a greater affinity to LHr than LH, and 
thus exerts a more prolonged luteotrophic action for 
8–9  days, multiple corpus luteum development, and 
raised serum levels of estradiol throughout the luteal 
phase,[18] all of which increase the risk of developing 
OHSS in PCOS and hyper‑responders. To reduce this 
grave complication of OHSS and to achieve a favorable 
cycle outcome without cycle cancelation, GnRHa as a 
final oocyte maturation in GnRH antagonist protocol has 
emerged as a breakthrough modality.[6,19,20]

The LH surge in a natural cycle lasts 48 h and consists 
of three phases: ascending phase  (14  h), plateau 
phase  (14  h), and a descending phase  (20  h).[21] On the 
contrary, the LH surge induced by GnRHa is shorter, 
lasts for 24  h; consisting of only two phases: a short 
ascending phase lasting for  ~4  h and a descending 
phase lasting  ~20  h.[22] Thus, the effective duration of 
action is shorter with a lower amount of gonadotropins 
(LH and FSH) being released when compared to natural 
cycle.[21,23] It is known that the expansion of cumulus 
cells and resumption of meiosis begin 18  h after the 
onset of LH surge[24] and that the LH concentration 
must be maintained above a threshold for 14–27  h to 
maximize the oocyte maturation.[25] Hence, a single 
dose of GnRHa might not be able to maintain an LH 
concentration above a threshold for 14–27  h, sufficient 
to induce optimal oocyte maturation, may be due to its 
shorter duration and lower LH levels post-trigger. It has 
been reported that repeated injections of GnRHa increase 
the duration of LH secretion  (LH level was >100  IU/L) 
up to  >14  h.[23] Theoretically, a third or even a fourth 
administration may improve the amplitude and duration 
of the resultant endogenous gonadotropin surge, which 
is practically neither feasible nor cost effective. The 

Table 3: Cycle outcomes
Variables Group A (n=50) Group B (n=50) OR (95% CI) P
Maturity rate 915/1258 (72.7) 964/1134 (85) 0.47 (0.38‑0.57) <0.001
Fertilization rate 779/915 (85.1) 857/964 (88.9) 0.72 (0.54‑0.94) 0.02
8 CG1 embryos 613/765 (80.1) 699/844 (82.8) 1.09 (0.85‑1.39) 0.47
Blastocyst conversion rate 149/304 (49) 200/356 (56.2) 0.74 (0.57‑1.02) 0.05
Implantation rate 23/164 (14) 33/172 (19.2) 0.71 (0.38‑1.32) 0.28
Clinical pregnancy rate/ET 21/74 (28) 29/82 (35) 0.75 (0.36‑1.6) 0.34
Clinical pregnancy rate/patient 21/48 (44) 29/50 (58) 0.56 (0.27‑1.24) 0.15
Values are expressed as n (percentage) or OR (95% CI). P<0.05 ‑ statistically significant. OR=Odds ratio, CI=Confidence interval, ET=Embryo 
transfer, MII=Metaphase II, 8 CG1=8 cell Grade 1

Figure 2: Outcome represented as odds ratio with 95% confidence limits. 
The dotted line represents an odds ratio of 1.0. Fert=Fertilization
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LH concentration peaks to levels of 130  ±  60  IU/L at 
4 h with triptorelin and 107 ± 55  IU/L with leuprorelin, 
falling to 40 ± 20 IU/L at 12 h reflecting its clearance,[1] 
with levels returning to baseline after 24 h. Thinking in 
the same lines, we postulated a repeat dose of GnRHa 
at this crucial hour  (12 h) could maintain the amplitude 
and the duration of gonadotropin surge, thereby 
optimizing the oocyte maturity.

There is clearly a subgroup of patients who respond 
poorly following GnRHa trigger, with decreased oocyte 
yield, maturity, and quality.[26] This has been explained 
by an inadequate LH surge (magnitude and/or duration) 
and possibly, inadequate FSH surge leading to suboptimal 
signaling at the level of the follicles resulting in 
failure to achieve the final oocyte maturation. As 
the pituitary gland is the site of action for GnRHa, 
any temporary or permanent dysfunctions of the 
hypothalamic–pituitary–ovarian  (HPO) axis might not 
produce optimal flare effect, resulting in deficient final 
follicular maturation. Hence, women with hypothalamic 
amenorrhea are not the candidates for GnRHa trigger. 
A  yet another subset of population who could be at 
risk of suboptimal response following GnRHa trigger 
is in women with PCOS, a condition with HPO axis 
dysfunction. Furthermore, in these high‑responder 
patients because of the phenomenon of self‑priming 
of gonadotroph cells in the pituitary by high E2 
concentrations,[12] the expected response in relation to 
gonadotropin secretion could be suboptimal. Furthermore, 
the resultant endogenous LH  (and FSH) action on the 
follicular cells could be inadequate, given the increase 
in the number of intermediate follicles and possibly the 
inadequate neovascularization surrounding these follicles, 
which leads to suboptimal delivery of the gonadotropins. 
We therefore hypothesized that in this subset of population 
with PCOS, a repeat dose of GnRHa could optimize the 
oocyte maturity and thereby the cycle outcome.

We chose segmentation strategy,[27] freezing all the 
embryos in both groups, followed by frozen‑thawed 
embryo transfer in the subsequent hormone replacement 
therapy (HRT) cycle. Fresh embryo transfer was 
deferred to prevent early and late‑onset OHSS, impaired 
endometrial receptivity due to supraphysiologic steroid 
levels, and concerns of luteal‑phase deficiency with 
lower implantation and ongoing pregnancy rates.[28] 
In addition, the advent of vitrification has enabled us 
in obtaining a high survivability of embryos and 
significantly higher ongoing pregnancy rates,[29] with 
better obstetric and perinatal outcomes.[30]

In the present preliminary proof‑of‑concept study, we 
observed that the number of dominant follicles ≥17 mm 
and intermediate follicles between 12 and 16  mm on 

the day of trigger were significantly higher in Group A. 
Although a significantly higher proportion of the number 
of oocytes’ retrieved to the number of preovulatory 
follicles was seen in Group A, yet a significantly higher 
yield of MII oocytes was obtained in Group B with an 
odds of 0.47 (P < 0.001) [Figure 2]. This was associated 
with a statistically significant lesser number of MIs and 
GV oocytes in Group B, suggestive of a better maturity 
with a repeat dose of GnRHa 12  h following the first 
dose. We propose that this effect possibly could relate 
to the maintenance of LH and  (probably FSH) above a 
threshold level for a prolonged duration of more than 
24 h by a repeat dose of GnRHa as evident in Group B. 
Though the induction of the physiological FSH surge 
is still uncertain, it seems to promote the formation of 
LH receptors in luteinizing granulosa cells, cumulus 
expansion,[31,32] and resumption of meiosis,[33] with 
retrieval of more mature oocytes as proven in various 
studies.[7,34‑36]

In a preliminary commendable work by Itskovitz et  al. 
in 1991,[22] even before the advent of antagonists, they 
reported that a bolus dose of GnRHa was able to trigger 
an adequate mid‑cycle LH/FSH surge, resulting in oocyte 
maturation. In the same study, involving 14  patients 
(6 normal responders and 8 hyper‑responders), the group 
also reported that a second injection of GnRHa had no 
effect on LH release, at least as reflected in the serum 
levels of LH, 2 hours after its injection, suggesting 
that pituitary desensitization had already occurred 12  h 
after the first injection. This study involved the use of 
gonadotropins only without the occupation of GnRH 
receptors on the gonadotrophic cells by the antagonist 
for the agonist to displace allowing reevaluation of 
stimulating a mid‑cycle rise in endogenous LH. Under 
these circumstances, the dynamics and endocrine 
profiles of the mid‑cycle gonadotropin surge could vary. 
Further studies have proven that the hormone profiles 
consistent with pituitary suppression occurred by day 
6 of GnRHa administration.[37] Thus, as evident in our 
study, the continued flare effect lasting for the next 24 h 
with a repeat dose of GnRHa 12  h following the first 
dose resulted in a better oocyte maturity. This could 
have been correlated biochemically as well, which is a 
limiting factor.

A rise in serum LH and progesterone following GnRHa 
trigger indicates that an endogenous flare has occurred 
and oocyte maturation has been initiated.[1,38] Hence, we 
also evaluated the post-trigger LH, P4, and FSH at 12 h 
as a predictor of oocyte maturity. In a retrospective study 
by Shapiro et  al.,[39] a diminution in oocyte maturity 
was seen when LH levels measured at 12 h post-trigger 
were  <52  IU/L, with a dramatic decrease when LH12 
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define an appropriate LH and P4 cutoff as a predictor of 
EFS following GnRHa trigger.

Our study demonstrates a trend toward better 
fertilization, higher number of G1 embryos available 
on day 3 and better blastocyst conversion, yielding a 
greater number of blastocysts in Group  B. Following 
transfer of frozen embryos in the subsequent HT cycle, 
a trend toward a higher clinical pregnancy rate was 
observed in Group  B (58% vs. 44%) who received a 
repeat dose of GnRHa 12 h later, though not statistically 
significant.

We encountered no cases of mild, moderate, or 
severe OHSS  (0%) in both the groups aborting OHSS 
completely. Furthermore, the patients followed up on 
days 4 and 7 following oocyte retrieval were totally 
asymptomatic and none had nausea, vomiting, abdominal 
distension/pain, or breathlessness, resulting in higher 
patient convenience during the luteal phase. Our study 
reemphasizes the implementation of GnRHa trigger with 
antagonist protocols in PCOS undergoing IVF for an 
OHSS‑free clinic.

The strength of the present study is that it is a 
proof‑of‑concept RCT to explore if a repeat dose of 
GnRHa in PCOS undergoing IVF in GnRH antagonist 
cycles would optimize the cycle outcome. Post-trigger 
LH, P4, and FSH values, which were measured as a part 
of secondary outcome, would provide us insight about 
their predictability of oocyte maturity and empty follicle 
syndrome. However, further large studies would help us to 
define the appropriate cut-off post-trigger values to guide 
the clinicians and thereby rescue the cycle. Our study had 
some limitations. The sample size was small as this was 
aimed to evaluate a proof of concept. The study included 
relatively young nonobese PCOS women, and our results 
may not be applicable to obese women with PCOS. In 
addition, as the endocrine profile differs in normal and 
poor responders, the results of the study again may not be 
applicable in this set of population. Measurement of LH 
has inherent challenges including intersubject differences 
in basal LH, short half‑life, and intrasubject diurnal 
fluctuation. Therefore, peak levels of LH may have been 
missed due to the short ascending limb of LH rise, lasting 
approximately 4  h after GnRHa trigger. The numbers 
were likely too small to detect significant differences in 
pregnancy outcomes, though a higher trend was observed 
with a repeat dose of GnRHa. Further, the reproductive 
outcome including the live birth rate is being collected 
and will be reported when available.

Conclusions
A repeat dose of GnRHa 12  h following the first dose 
in PCOS undergoing IVF with antagonist provides 

was  <12  IU/L in hyper‑responders and oocyte donors. 
In our study involving PCOS patients, a post-trigger 
LH12 of 40.69 IL/L predicted oocyte maturity with 
a sensitivity of 84% and specificity of 72.2% and the 
area under the curve to predict this maturity was 0.848 
[Figure 3]. However, the post-trigger FSH and P4 values 
at 12 h were not predictive of oocyte maturity. Further, a 
repeat post-trigger measurement of LH at 12 h following 
the second dose would help to validate the hypothesis 
if LH and FSH levels were sustained, which would 
associate with better outcomes in Group B. This was not 
done in our study due to additional costs involved and 
burden to the patients, which are limiting factors.

We encountered one case of EFS with an incidence of 
1/100 (1%), which is similar to that occurring following 
hCG trigger of 0.1%–3.1%.[11,40,41] In the indexed case, 
despite the presence of about 18 preovulatory follicles 
on the day of trigger with peak E2  =  4800  ng/mL, 
LH = 1.64 IU/L, and P4 = 1.21 ng/mL, no oocytes were 
obtained following aspiration of six dominant follicles in 
one ovary. The procedure was abandoned, cycle rescued 
with recombinant hCG 250mcg (Ovitrelle, Merck 
Serono) and an oocyte pickup   35 h later retrieved 11 
oocytes. Here, the post-trigger values of LH and P4 
at 12  h were 9.71  IU/L and 2.8  ng/mL, respectively. 
Earlier reports have shown that patients with EFS have 
a suboptimal post-trigger serum LH levels of  <15  IU/L 
and progesterone levels of  ≤3.5  ng/mL.[12,38] This was a 
case of pseudo EFS, probably due to inappropriate drug 
administration as a result of human error resulting in 
a suboptimal LH surge. Comparatively lower levels of 
post-trigger values could have alerted us, averting this 
complication. This still could be a random occurrence, 
and further studies in larger groups would help us to 

Figure  3: Receiver operating characteristic curve for post-trigger 
luteinizing hormone, follicle-stimulating hormone, and P4 as predictors 
of oocyte maturity
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a better cycle outcome than a single dose in terms of 
maturity of oocytes, higher number of blastocysts, and 
a trend towards improvement in clinical pregnancy. 
Though an increase in the study population and larger 
studies will allow us to confirm the significance of these 
preliminary findings, the current recommendation of two 
doses of GnRHa trigger 12  h apart should be further 
refined. Following the same line of thinking, the most 
appropriate dosing of GnRHa in PCOS should also be 
further determined. Our study also adds to the literature 
endorsing the routine use of GnRHa trigger in all PCOS 
patients undergoing IVF with freeze‑all strategy for an 
OHSS‑free clinic.
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