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INTRODUCTION 

Every patient expects and desires to take a healthy baby 

home on completion of an in vitro fertilisation (IVF) 

cycle. However, this is not always possible because IVF 

results, even in the best settings will also not guarantee 

this outcome. The outcome of any IVF cycle depends not 

only on maternal age but also heavily relies on the 

number and quality of retrieved oocytes. The number of 

oocytes retrieved plays a critical role in the IVF 

outcome.1-4 

The ovarian reserve represents a woman’s reproductive 

potential and a predictor of the number and quality of 
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oocytes retrieved during IVF.5-7 A woman is born with a 

fixed number of primordial follicles in the ovary that 

gradually deplete with age. The rate of depletion can vary 

among women. Women with poor ovarian reserve (POR) 

have fewer oocytes and a poor response to controlled 

ovarian hyperstimulation (COH) compared with other 

women of the same age group.  

As per the Bologna criteria, at least two of the following 

three characteristics must be present to make a diagnosis 

of POR: (1) advanced maternal age (≥40 years) or any 

other risk factors for POR, (2) a previous POR (≤ 3 

oocytes) with a conventional stimulation protocol, or (3) 

an abnormal ovarian reserve test (antral follicle count 

(AFC) <5-7 follicles, or anti-mullerian hormone (AMH) 

<0.5-1.1 ng/mL) However, this criterion is not universally 

accepted. There is no cut-off for the adequate number of 

retrieved oocytes, but generally a retrieval of 

approximately 10-15 oocytes per cycle is considered 

adequate.1 An adequate number of oocytes provides a 

sufficient number of embryos for transfer or 

cryopreservation. Patients with POR form a majority 

(25%-35%) of infertile patients.8-11 Patients with POR are 

challenging to treat.12-14 The aetiology and treatment of 

POR is very perplexing. No consensus on the best 

treatment modality for patients with POR has been 

reached despite great developments in the field of 

reproductive medicine. Retrieval of less than four oocytes 

is considered a poor or sub-optimal response to a 

stimulation.15,16 

Over the past few years, many tests have been developed 

to predict the ovarian reserve and ovarian responsiveness. 

Variables such as age, body mass index (BMI), basal 

estradiol, inhibin B, and follicle stimulating hormone 

(FSH) are indirect and less reliable markers of ovarian 

reserve.17 The most predictive and reproducible results 

are those of antral follicle count (AFC) and anti-mullerian 

hormone (AMH), although the superiority of each over 

the other is unknown. The outcome of the IVF cycle in 

poor responders can be dismal due to fewer retrieved 

oocytes. There are multiple COH protocols used in IVF 

for poor, normal, and hyper-responders.18 Different 

stimulation protocols and adjuncts have been attempted 

to increase the yield of retrieved oocytes in an IVF 

cycle.19,20 However, the best protocol and adjunct for a 

positive result is debatable.21-23 The COH protocol is 

basically planned depending on the patient’s 

demographic characteristics, ovarian reserve, and 

response in previous cycles (if available).24,25 The most 

commonly used protocols are the long protocol with 

gonadotropin-releasing hormone (GnRH) agonist and 

GnRH antagonist protocol.26 

After the initial flare-up, the GnRH agonist causes 

desensitisation of the pituitary gland. The pituitary gland 

is largely exhausted of luteinising hormone (LH). There 

is minimal residual LH in circulation by the time COH 

with gonadotropins is initiated, and LH-induced adverse 

effect is largely negated.  

Introduction of the GnRH antagonist was a major 

breakthrough in the field of assisted reproduction. The 

GnRH antagonist causes immediate pituitary suppression 

without the initial flare-up or oestrogen deficiency 

symptoms and is believed to result in shorter cycles, 

smaller dose of gonadotropins, and a reduced risk of 

ovarian hyperstimulation syndrome with agonist 

trigger.23,27 Researchers showed great interest in the 

GnRH antagonist in poor responders due to simpler 

stimulation protocols and lower gonadotropin 

requirements, leading to reduced cost and shorter 

downtime between two cycles. The antagonist protocol 

also allows the assessment of ovarian reserve just prior to 

starting the stimulation. The limitation of this protocol is 

that it is started late in the cycle and might not be to 

suppress LH before it adversely affects follicle and egg 

development. 

In this study, we compared the long GnRH agonist and 

GnRH antagonist protocols for patients with POR to find 

which protocol gave a better result (Figure 1). 

 

Figure 1: Flexible antagonist and agonist long 

controlled ovarian stimulation protocol. 

METHODS 

The present retrospective study was carried out in 

patients with POR who underwent IVF at a single centre 

from May 2019 to March 2020. A total of 356 patients 

underwent IVF out of which 99 had low ovarian reserve 

(AMH ≤1.5 ng/mL and AFC ≤4) and were included in the 

study. The GnRH antagonist protocol was carried out in 

53 cycles and the GnRH agonist long protocol in 46 

cycles. Patients with AMH less than 1.5 ng/mL and AFC 

less than 4 were considered as patients with POR and 

were included in the study.  

GnRH antagonist protocol 

On day 2-3 of the menstrual cycle, a baseline scan was 

performed to rule out ovarian cyst and assess the 

endometrium. Recombinant FSH (rFSH) (Gonal F, 

Merck Serono) at a dose of 225 IU was started daily. A 

transvaginal scan was carried out on day 5 to assess the 
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follicular growth and endometrial thickness and repeated 

daily till the initiation of the GnRH antagonist. The 

GnRH antagonist, injection cetrorelix acetate 

(CETROLIX, INTAS Pharmaceuticals) 0.25 mg/day, was 

added when the leading follicle was more than 1.4 cm. 

The alternate day scan continued till the trigger was 

administered with 10,000 IU of human chorionic 

gonadotropin (FERTIGYN, Sun Pharma) (HCG) when 

the leading follicle was more than 1.8 cm. 

GnRH agonist long protocol 

On day 2 of the cycle, a baseline transvaginal ultrasound 

examination was carried out to measure endometrial 

thickness and AFC. On day 5 of the menstrual cycle, 

patients were started on oral contraceptive pills for 21 

days. On day 21 of the menstrual cycle, the GnRH 

agonist, triptorelin (Decapeptyl, Ferring) (0.1 mg/ml, was 

initiated. The patient was reviewed on day 2 of the 

menstrual cycle to ascertain pituitary downregulation. If 

the patient satisfied the criteria of downregulation 

(endometrial thickness ≤4 mm, ovarian quiescence all 

follicle ≤10 mm), 225 IU of rFSH was started daily, and 

the agonist was continued. Alternate day transvaginal 

scans were continued from the 5th day of COH to 

monitor the follicular growth and endometrium till 

trigger. A trigger was given with 10,000 IU of HCG 

when the leading follicle was more than 1.8 cm. 

Oocyte retrieval and IVF 

Oocyte retrieval was performed trans-vaginally under 

ultrasound guidance after 36–40 h of trigger. The 

retrieved oocytes were washed in a G-MOPS solution 

(Vitrilife Sweden) and incubated for 2-3 hours in a G-

IVF solution (Vitrilife Sweden) in a humidified incubator 

at 6% CO2 at 37°C followed by an intracytoplasmic 

sperm injection (ICSI). 

Embryo transfer 

Embryo transfer was done on day 3 at the 8-cell stage. A 

maximum of two grade 1 embryos were transferred, and 

the surplus were frozen. Grade 1 embryo was defined as 

possessing 6-8 blastomeres of equal size. Luteal phase 

support in the form of micronized progesterone injection 

and tablet dydrogesterone were started from the day of 

oocyte pick-up as per guidelines.  

Statistical analysis 

SPSS was used for statistical analysis. Data on age, basal 

FSH concentration, basal LH concentration, AMH, AFC, 

expected and retrieved number of oocytes, and dose of 

gonadotropins used were noted.  

RESULTS 

The age of patients included in the study varied between 

22–44 years with an average age of 29.7±1.46 years in 

the agonist protocol and 30.28±1.53 years in the 

antagonist protocol. The duration of infertility in both 

groups were comparable (6.56±4.3 years in the agonist 

and 6.7±3.0 years in the antagonist group). The dose of 

gonadotropin used and the number of stimulation days 

were comparable in both groups. Comparison of the 

demographic features of the two groups is summarised in 

Table 1. 

 

Table 1: Demographic characteristics. 

 AP LP Statistical difference 

Age (in years) 29.7±1.46 30.28±1.53 NS 

BMI (kg/m2) 24.27±5.1 23.7±4.2 NS 

Duration of infertility (years) 6.7±3.0 6.56±4.3 NS 

AFC 3.18±0.44 2.78±0.40 NS 

AMH (ng/mL) 0.95±0.012 0.87±0.15 NS 

Baseline FSH (mIU/mL) 6.75±0.98 7.43±0.94 NS 

Baseline LH (mIU/mL) 5.76±0.91 5.76±1.15 NS 

Total duration of stimulation (days) 10.51±1.9 10.5±2.7 NS 

Total dose of gonadotrophins (IU) 3724.22±498.05 3422.97±391.46 NS 

Table 2: Comparison of results of antagonist/agonist protocol. 

 AP LP Statistical difference 

No. of oocytes retrieved 3.11±0.71 3.18±0.65 NS 

M II oocytes 2.37±1.13 2.33±0.72 NS 

Grade I embryos 2.19±1.51 2.17±1.1 NS 

No. of embryos transferred 1.9±0.80 1.8±0.6 NS 

Pregnancy rate per cycle 37.7% 32.6% NS 
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Of the 99 patients considered with AMH ≤1.5 and AFC 

≤4 who underwent IVF between May 2019 and Mar 

2020, 53 patients underwent the antagonist protocol and 

46 underwent the GnRH agonist long protocol. Out of the 

53 patients on antagonist protocol, 20 had a positive 

pregnancy test, and out of the 46 patients on agonist 

protocol, 15 were positive for pregnancy. Thus, 

implantation rates of 37.7% and 32.6% were found in 

antagonist and agonist protocols, respectively (Table 2).  

The pregnancy rate was higher in the antagonist group, 

but the difference was not statistically significant. 

Embryo transfer was not done in two patients of the long 

agonist protocol and one patient of the antagonist 

protocol due to nil retrieval of oocytes. The age of these 

cases was between 39 and 42 years with AMH values 

ranging from 0.4 ng/mL to 0.6 ng/mL. 

DISCUSSION 

An adequate stimulation protocol should assist the 

development and retrieval of an adequate number of 

mature oocytes.27 The number of retrieved oocytes in 

response to COH is a pivotal factor since it is an 

independent predictor of success of the cycle. Patients 

with POR are challenging to treat as the number of 

retrieved oocytes is very low in such cases, decreasing 

the overall chances of success and leading to the repeated 

cancellation of a cycle.28 

AMH and AFC can individually be used as a standalone 

test for predicting POR. Presently, there is no consensus 

on the definition of POR and no cut-off value of a 

hormonal test or ultrasonographic finding to predict poor 

response.29 

In this study, we took an AMH value of ≤1.5 ng/mL and 

AFC ≤4 as POR and compared the efficacy of the long 

agonist and antagonist protocols in such cases.  

Introduction of the GnRH antagonist in the field of 

assisted reproductive techniques is quite recent compared 

with the GnRH agonist, which has been in use in IVF 

cycles since the 1980s.30 The introduction of the GnRH 

antagonist was a new of hope for patients with POR. Due 

to its short inhibitory effect on pituitary, it was expected 

not to decrease the ovarian response during COH.31 The 

GnRH antagonist does not inhibit early folliculogenesis 

due to late introduction in the cycle, which is an added 

advantage for patients with a limited cohort of follicles.32 

The GnRH agonist, on the other hand, is administered for 

a longer duration throughout the cycle, competitively 

blocking the ovarian FSH receptors and suppressing the 

ovarian response to the gonadotropins.33 However, most 

of the studies have not found any difference in response 

to either protocols.8,22,30,34 Several studies found that the 

total duration of stimulation and total dosage of 

gonadotropins in the antagonist group was much less than 

that in long agonist group.35-40 In this study, the duration 

of stimulation was same in both the groups. Although the 

total gonadotropins used was higher in the antagonist 

group, the difference was not statistically significant. The 

number of retrieved oocytes was higher in the agonist 

group in some studies, the antagonist group in some 

studies, and similar in others.3,8,22,37-40 The number of 

retrieved oocytes in our study were also similar in both 

groups. Higher pregnancy rates have been reported in 

antagonist group in some studies.8,30,39 However, some 

research refutes this and claim to have found better result 

in the agonist group.22,40-42 This study found higher 

pregnancy rates in the antagonist groups as compared 

with the agonist group; however, the difference was not 

statistically significant. Cycle cancellation was found to 

be less in the antagonist group and similar results were 

also observed in our study.39 

CONCLUSION 

Nowadays, the number of patients with POR has 

substantially increased in all IVF clinics due to late 

marriage and delayed childbearing. Despite extensive 

research, multiple stimulation protocols, and the addition 

of adjuncts, the treatment of patients with POR remains 

challenging to treat. Due to the reduced quantity and 

quality of oocytes in a patient with POR, it remains a 

major poor prognostic factor. POR, as predicted by 

different tests, indicates that pregnancy is less likely, but 

not impossible. The diagnosis and best protocol in 

patients with POR remain debatable. All protocols aim at 

achieving maximum good quality oocytes and embryos. 

Patients with POR need an aggressive approach and 

proper counselling and support. A lot of work is still 

needed to customise COH protocols for patients with 

POR depending on different cycle characteristics. 
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