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Background: Despite the great advances in Assisted Reproductive Technologies 
(ART), management of poor responders has remained a great challenge. Gonadotropin 
releasing hormone antagonist (GnRH‑ant) has been offered as a patient friendly 
protocol. In the literature, conflicting data exists about the effect of the GnRH‑ant 
starting day on cycle outcomes. Aim: The aim of this study is to evaluate the effect 
of GnRH‑ant starting day on cycle outcomes of patients with poor ovarian response 
defined by Bologna criteria. Setting and Design: This retrospective cohort study was 
conducted at an ART clinic of a tertiary hospital. Materials and Methods: A total of 
361 cycles using flexible GnRH‑ant, 195 in Group A (GnRH‑ant administered before 
day 6 of stimulation) and 166 cycles in Group B (GnRH‑ant started on or after day 6), 
were selected retrospectively for the study. Statistical analysis: Statistical analysis 
of data was carried out using using IBM SPSS Statistics Software (20.0, SPSS Inc., 
Chicago, IL, USA). Independent samples t‑test and Mann–Whitney U test were used 
to analyze the variables. Results: Total antral follicle count was significantly higher in 
Group A compared to Group B (P = 0.009). Duration of stimulation was significantly 
shorter (P < 0.01) and total dose of gonadotropin used was lower in Group A when 
compared to Group B (P < 0.01). While higher number of oocytes was retrieved 
from Group A (P = 0.037), no between‑group differences were observed in number 
of mature oocytes, fertilized oocytes, clinical pregnancy rate or ongoing pregnancy 
rate (OPR) per embryo transfer (P > 0.05). Conclusion: Early GnRH‑ant start may 
point out a favourable response to ovarian stimulation in poor responders. However, 
clinical or OPRs were not different from the late GnRH‑ant start group.
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attempt to standardize the definition of POR in the 
literature. Briefly, two out of three criteria are required; 
(1) advanced maternal age (>40) or presence of any other 
risk factors, (2) previous poor response, (3) abnormal 
ovarian reserve tests.[4] Despite the various treatment 
protocols and interventions that have been investigated 
to improve ovarian response, including the use of high 
doses of gonadotropins, addition of growth hormone, 
androgens and androgen‑modulating agents, there is 
still no consensus on the optimal stimulation method 

Introduction

Despite the great advances in assisted reproductive 
technologies (ART), management of patients with 

decreased ovarian reserve has remained a great challenge, 
which comprises about 9%–24% of ART cycles.[1] Studies 
demonstrated that these patients have a poor ovarian 
response (POR) to controlled ovarian stimulation (COS) 
and associated with a decreased number of retrieved 
oocytes, decreased pregnancy rates, and increased 
cancellation rates when compared to normoresponders.[2,3] 
However, there has been no uniformity in the definition of 
POR until the Bologna criteria, which is the first concrete 
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to increase success rates.[5,6] Gonadotropin‑releasing 
hormone antagonist (GnRH‑ant) has been offered as 
an alternative protocol for poor responders with several 
theoretical advantages over microdose flare and long luteal 
down‑regulation protocols.[7,8] GnRH‑ant’s competetively 
bind to GnRH receptors which prevent binding of 
endogenous GnRH to this receptor. Therefore suppression 
of gonadotropin release occurs within a few hours without 
a flare‑up effect and gonadal function resumes without 
a lag effect following the use of GnRH‑ant.[9] A shorter 
duration of stimulation and fewer injections are other 
advantages. In flexible antagonist protocol, GnRH‑ant 
is administered when the leading follicle has reached 
a diameter of 12–14 mm, while in fixed dose regimen 
GnRH‑ant is started at day six of the COS.

In the literature, conflicting data exists about the effect 
of the antagonist starting day on cycle outcomes in ART 
cycles.[10‑12] This study was designed to evaluate the effect 
of antagonist start day on in vitro fertilization (IVF)/
intracytoplasmic sperm injection (ICSI) cycle outcome 
of poor responders diagnosed by Bologna criteria that 
used flexible GnRH‑ant protocol.

Materials and Methods
Medical records of the patients treated at ART unit of a 
tertiary hospital between 2007 and 2016 were analyzed 
retrospectively. Flexible antagonist protocol cycles of 
patients with POR, defined by the Bologna criteria,[4] were 
selected for the study. Informed patient consent had been 
taken from all patients at the time of treatment for use 
of anonymised data for research or educational purpose. 
Anti‑mullerian hormone <1,1 ng/mL and antral follicle 
count (AFC) <5 were taken as cut‑off values to determine 
decreased ovarian reserve. Group A consisted of cycles 
that GnRH‑ant was started before day 6 of COS according 
to flexible antagonist protocol (GnRH‑ant started when 
leading follicle reached a diameter of 14 mm), whereas 
Group B consisted of cycles that GnRH‑ant was started at 
or after day 6 of COS according to the flexible protocol. 
Freeze‑thaw embryo transfer (ET) cycles, cycles that used 
protocols other than GnRH ant’s, cycles that did not fullfill 
the Bologna criteria and cycles with male factor, tubal factor 
or unexplained infertility were excluded from the study.

Age, body mass index (BMI), basal serum 
follicle‑stimulating hormone (FSH), luteinizing 
hormone (LH) and estradiol (E2) values, AFC, duration 
of infertility and characteristics of COS were recorded 
from the charts of the patients. The study was approved 
by the local ethics committee of the institution (Date: 
21.12.2016/Number: 219).

COS was performed using flexible GnRH antagonist 
protocol. Either pure recombinant FSH (Gonal‑F, Merck 

Serono, Germany; Puregon, Organon, Netherlands) and/
or human menopausal gonadotropin (hMG) (Menogon, 
Ferring Pharmaceuticals, Germany; Merional, IBSA, 
Switzerland) was started on day 2 or 3 of the menstrual 
cycle in accordance with BMI, patient’s age and the 
number of AFC. According to the follicular growth, 
monitored by serial transvaginal ultrasonography and 
serum E2 measurements, gonadotropin dose was adjusted 
for each patient. GnRH‑ant (Cetrotide, 0.25 mg/day, 
Serono, Germany) was started when the dominant follicle 
reached at a diameter of 14 mm for inhibition of 
premature LH surge. Recombinant human chorionic 
gonadotropin (hCG) (Ovitrelle; Merck Serono, Germany) 
was administered when at least three follicles reached 
a mean diameter of ≥17 mm. Oocyte pick‑up was 
performed by transvaginal ultrasound‑guided aspiration 
35.5–36 h after the hCG injection. ICSI was performed 
for all metaphase II oocytes.

ET was performed on day 3 or 5 under ultrasound 
guidance. Luteal phase support was provided by vaginal 
progesterone (Crinone 8% gel, Merck, Germany) twice 
daily or a combination of intramuscular (Progestan amp, 
Koçak Farma, Turkey) and vaginal progesterone starting 
from the day of oocyte retrieval. Pregnancy was 
determined by the β‑hCG level in blood tests performed 
12 days after ET and clinical pregnancy was defined as 
the presence of a gestational sac with accompanying 
fetal heartbeat by ultrasound 4 weeks following the 
ET procedure. Luteal support was continued up to 
10–12 weeks of gestation in cases of pregnancy.

Statistical analysis
Statistical analysis of data was carried out using 
using IBM SPSS Statistics Software (20.0, SPSS Inc., 
Chicago, IL, USA). Variables with normal distributions 
were compared using independent samples t‑tests. The 
Mann–Whitney U‑test was applied to the variables that 
were not distributed normally. The results are presented 
as mean ± standard deviation. For the categorical 
variables, Pearson’s Chi‑square analysis and Fisher’s 
exact tests were used. Statistical significance was 
assumed with a probability error of P < 0.05.

Results
A total of 361 cycles that fulfilled the inclusion criteria 
were selected for the study. Of the 361 cycles, 195 were 
included in Group A and 166 in Group B. Twelve cycles 
in Group A (6.2%) and 15 cycles in Group B (9%) were 
cancelled due to inadequate response to stimulation. ET 
was performed in 122 cycles in Group A and 87 cycles in 
Group B. Flow chart of the cycles is presented in Figure 1.

No significant difference was detected between 
two groups regarding the age of the patients, BMI, 
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duration of infertility, baseline serum FSH, LH and E2 
levels (P > 0.05) [Table 1]. Total AFC of Group A was 
found to be significantly higher than Group B (4.9 ± 1.7 vs. 
4.4 ± 1.8, P = 0.009). Regarding COS parameters, serum E2 
levels at GnRH‑ant administration day were significantly 
higher (314.1 ± 12.8 vs. 246.4 ± 11.8 pg/mL, P < 0.01) 
and the duration of stimulation was significantly shorter 
in Group A when compared to Group B (8.8 ± 1.6 vs. 
10.6 ± 1.6 days, P < 0.01). Also, total gonadotropin 
dose used was lower in Group A when compared 
to Group B (2758.2 ± 822.5 vs. 3755.6 ± 965.9 IU, 
P < 0.01). There was no difference between groups 
regarding the number of follicles >17 mm, 15–17 mm and 
10–14 mm, but the E2 level on hCG day was significantly 
higher in Group A than Group B (1458.9 ± 900.8 vs. 
1192.1 ± 876.9 pg/mL, P = 0.013). While a higher number 
of oocytes was retrieved from Group A (6.4 ± 4.1 vs. 
5.5 ± 3.5, P = 0.037), no between‑group differences 
were observed in the number of mature oocytes and 
fertilized oocytes (P > 0.05). Clinical pregnancy 
rate (CPR) (25.4% vs. 26.4%) or ongoing pregnancy 
rates (OPR) (21.3% vs 21.8%) per ET were similar in 
both groups (P > 0.05) [Table 2].

Post hoc power analysis of this retrospective study was 
calculated by G‑power 3.1.9.2 software and revealed the 

power of 99,9% with an effect size of 0.8, and sample 
size of Group 1, n = 195 and Group 2, n = 166 with the 
alpha probability of 0.05.

Discussion
The study demonstrated that the early start of GnRH‑ant 
resulted in a shorter duration of stimulation and 
decreased amount of gonadotropin use in poor responder 
patients. Although more oocytes were retrieved in the 
early start group, no difference was found between CPR 
or OPRs.

GnRH‑ant is an attractive and patient‑friendly 
management option for poor responders in ART. 
Clinical use of GnRH‑ant provides a shorter duration 
of stimulation and a lower dose of gonadotropin 
consumption. Moreover, hormonal withdrawal symptoms 
that are commonly experienced with GnRH agonists are 
not seen with antagonist use.[13,14] A competitive block of 
pituitary GnRH receptors induces a rapid and reversible 
suppression of gonadotropin secretion.[15] GnRH‑ant 
is started on day 5 or 6 of stimulation in fixed dosing 
independent of follicle size, whereas in the flexible 
dosing, the antagonist is started as the follicles reach 
12–14 mm in diameter.[16] Although higher oocyte yield 
and lower total gonadotropin dose were reported in the 

Figure 1: Flow chart of the study and control groups
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flexible protocol than in the fixed protocol, no difference 
regarding the CPRs was observed.[17,18]

Retrieval of decreased number of oocytes is the major 
contributor of poor ART outcome in patients with 
decreased ovarian reserve. Fewer oocytes result in fewer 
embryos to select and transfer, which will eventually 
end up with decreased pregnancy rates compared with 
normoresponders.[19,20] AFC is a sensitive predictor of 
ovarian response which reflects the recruitable follicular 
cohort.[21,22] It was demonstrated in the literature that the 
number of antral follicles correlated closely with the number 
of retrieved oocytes.[23‑25] Chang et al., allocated patients 
into 3 groups according to their AFC (<3, 4–10, >10) 
and demonstrated a significant difference between groups 
regarding their number of retrieved oocytes.[23] In line with 
this study, a higher number of oocytes were retrieved from 
the group (Group A) which had a higher basal AFC in our 
study.

Previous research demonstrated that early start of 
GnRH‑ant’s resulted in a shorter duration of stimulation 
in antagonist cycles. Tannus et al., reviewed 442 IVF 
cycles of patients from the general IVF population that 
used flexible antagonist protocol. They demonstrated that 

the number of retrieved oocytes was decreased, duration 
of stimulation and total gonadotropin dose used was 
increased when the antagonist was started after day 6 of 
stimulation.[12] Although our study was performed on 
poor responders, it revealed similar results. Early start 
group had shorter duration of stimulation and consumed 
lower total dose of gonadotropins. Poor responder 
patients are characterised by early follicular recruitment, 
accelerated follicular growth and a relatively shorter 
follicular phase during COS.[26] So the poor responder 
group which has a relatively higher basal AFC, as in 
Group A, will produce more E2 which ends up with 
early antagonist start than the group that has lower 
AFC (Group B). Also this subgroup of patients will 
also reach the treshold follicle diameter required for 
ovulation trigger earlier than the other group, resulting 
in even shorter duration of stimulation.

There are conflicting data regarding the effect 
of GnRH‑ant administration day on pregnancy 
rates.[10,11] Kolibianakis et al., compared the cycle outcome 
of 111 normoresponder patients treated with either fixed 
or flexible antagonist protocols. They demonstrated a 
significantly lower implantation rate when the antagonist 
was delayed beyond the 6th day of stimulation, which 
could be attributed to altered endometrial receptivity.[10] 
In another study, 208 cases of normoresponders were 
categorized into three groups according to their antagonist 
starting day as group D4 for day 4, group D5 and D6 
for day 5 and 6 respectively. The biochemical, clinical, 
OPRs per started cycle were higher for D4 and D5 
than D6, which was interpreted by the researchers that 

Table 1: Demographic features of the patients and controlled ovarian stimulation parameters of the cycles
Group A (n=195) Grup B (n=166) P

Age (years) 34.4±4.9 34.5±4.7 0.212
BMI (kg/m2) 25.9±4.5 26.6±4.9 0.518
Basal FSH (IU/mL) 10.2±5.9 11.1±5.6 0.153
Basal LH (IU/mL) 5.5±2.7 5.5±2.8 0.311
Basal E2 (pg/mL) 53.7±40.4 45.1±29.8 0.056
Total AFC 4.9±1.7 4.4±1.8 0.009
Duration of GnRH antagonist use (days) 4.9±1.4 5.1±1.5 0.058
E2 level at antagonist administration day (pg/mL) 314,1±12,8 246,4±11,8 <0.01
Duration of stimulation (days) 8.8±1.6 10.6±1.6 <0.01
Total gonadotropin dose (IU) 2758.2±822.5 3755.6±965.9 <0.01
Number of follicles>17 mm on hCG day 2.4±1.6 2.0±1.5 0.088
Number of follicles between 15 and 17 mm on hCG day 1.9±1.61 2.1±1.8 0.597
Number of follicles between 10 and 14 mm on hCG day 3.2±3.6 2.1±1.8 0.057
E2 level on hCG day (pg/mL) 1458.9±900.8 1192.1±876.9 0.013
Endometrial thickness on hCG day (mm) 9.8±2.1 9.5±1.9 0.671
Number of total oocytes retrieved 6.4±4.1 5.5±3.5 0.037
Number of mature oocytes 4.5±3.3 3.9±3.1 0.121
Number of fertilized oocytes 2.4±2.2 2.2±2.1 0.129
BMI: Body mass index, FSH: Follicle stimulating hormone, LH: Luteinizing hormone, E2: Estradiol, AFC: Antral follicle count, GnRH: 
Gonadotropin releasing hormone, hCG: Human chorionic gonadotropin

Table 2: Results of the embryo transfer cycles
Group A 
(n=122)

Group B 
(n=87)

P

Clinical pregnancy/ET, n (%) 31 (25.4) 23 (26.4) 0.588
Ongoing pregnancy/ET, n (%) 26 (21.3) 19 (21.8) 0.588
ET: Embryo transfer
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rapid response was a positive predictor of a favourable 
IVF outcome.[11] However, others reported no effect on 
pregnancy outcomes either GnRH antagonist was started 
before or after stimulation day 6.[12,18] In line with the later 
reports, our study revealed no difference in CPR or OPRs.

The weakness of this study is its retrospective design. 
However, participants were selected with strict inclusion 
criteria and according to our knowledge this is the first 
study investigating the effect of antagonist administration 
day on cycle outcomes in this specific subgroup of ART 
patients, namely poor responders diagnosed by Bologna 
criteria.

Conclusion
The results of this study showed that the early start of 
GnRH‑ant may point out a subgroup of poor responders 
which has a higher total AFC and a favourable response. 
However, no difference in clinical or OPRs was detected.

Data availability statement
The data that support the findings of this study are 
available from the corresponding author, upon reasonable 
request.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1. Vaiarelli A, Cimadomo D, Ubaldi N, Rienzi L, Ubaldi FM. What 

is new in the management of poor ovarian response in IVF? Curr 
Opin Obstet Gynecol 2018;30:155‑62.

2. Ulug U, Ben‑Shlomo I, Turan E, Erden HF, Akman MA, 
Bahceci M. Conception rates following assisted reproduction in 
poor responder patients: A retrospective study in 300 consecutive 
cycles. Reprod Biomed Online 2003;6:439‑43.

3. Saldeen P, Källen K, Sundström P. The probability of successful 
IVF outcome after poor ovarian response. Acta Obstet Gynecol 
Scand 2007;86:457‑61.

4. 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. Hum Reprod 2011;26:1616‑24.

5. Siristatidis CS, Hamilton MP. What should be the maximum 
FSH dose in IVF/ICSI in poor responders? J Obstet Gynaecol 
2007;27:401‑5.

6. Szymusik I, Marianowski P, Zygula A, Wielgos M. Poor 
responders in IVF – Is there any evidence‑based treatment for 
them? Neuro Endocrinol Lett 2015;36:209‑13.

7. Craft I, Gorgy A, Hill J, Menon D, Podsiadly B. Will GnRH 
antagonists provide new hope for patients considered ‘difficult 
responders’ to GnRH agonist protocols? Hum Reprod 
1999;14:2959‑62.

8. Chang PL, Zeitoun KM, Chan LK, Thornton MH 2nd, Sauer MV. 
GnRH antagonist in older IVF patients. Retrieval rates and 
clinical outcome. J Reprod Med 2002;47:253‑8.

9. Homburg R. Management of infertility and prevention of ovarian 
hyperstimulation in women with polycystic ovary syndrome. 
Best Pract Res Clin Obstet Gynaecol 2004;18:773‑88.

10. Kolibianakis EM, Albano C, Kahn J, Camus M, Tournaye H, 
Van Steirteghem AC, et al. Exposure to high levels of 
luteinizing hormone and estradiol in the early follicular phase of 
gonadotropin‑releasing hormone antagonist cycles is associated 
with a reduced chance of pregnancy. Fertil Steril 2003;79:873‑80.

11. Lainas TG, Sfontouris IA, Papanikolaou EG, Zorzovilis JZ, 
Petsas GK, Lainas GT, et al. Flexible GnRH antagonist versus 
flare‑up GnRH agonist protocol in poor responders treated by 
IVF: A randomized controlled trial. Hum Reprod 2008;23:1355‑8.

12. Tannus S, Weissman A, Boaz M, Horowitz E, Ravhon A, 
Golan A, et al. The effect of delayed initiation of 
gonadotropin‑releasing hormone antagonist in a flexible protocol 
on in vitro fertilization outcome. Fertil Steril 2013;99:725‑30.

13. Albano C, Felberbaum RE, Smitz J, Riethmüller‑Winzen H, 
Engel J, Diedrich K, et al. Ovarian stimulation with HMG: Results 
of a prospective randomized phase III European study comparing 
the luteinizing hormone‑releasing hormone (LHRH)‑antagonist 
cetrorelix and the LHRH‑agonist buserelin. European Cetrorelix 
Study Group. Hum Reprod 2000;15:526‑31.

14. Olivennes F, Belaisch‑Allart J, Emperaire JC, Dechaud H, 
Alvarez S, Moreau L, et al. Prospective, randomized, controlled 
study of in vitro fertilization‑embryo transfer with a single 
dose of a luteinizing hormone‑releasing hormone (LH‑RH) 
antagonist (cetrorelix) or a depot formula of an LH‑RH 
agonist (triptorelin). Fertil Steril 2000;73:314‑20.

15. Loutradis D, Vomvolaki E, Drakakis P. Poor responder protocols 
for in‑vitro fertilization: Options and results. Curr Opin Obstet 
Gynecol 2008;20:374‑8.

16. Devroey P, Boostanfar R, Koper NP, Mannaerts BM, 
Ijzerman‑Boon PC, Fauser BC, et al. A double‑blind, 
non‑inferiority RCT comparing corifollitropin alfa and 
recombinant FSH during the first seven days of ovarian 
stimulation using a GnRH antagonist protocol. Hum Reprod 
2009;24:3063‑72.

17. Ludwig M, Katalinic A, Banz C, Schröder AK, Löning M, 
Weiss JM, et al. Tailoring the GnRH antagonist cetrorelix 
acetate to individual patients’ needs in ovarian stimulation for 
IVF: Results of a prospective, randomized study. Hum Reprod 
2002;17:2842‑5.

18. Al‑Inany H, Aboulghar MA, Mansour RT, Serour GI. Optimizing 
GnRH antagonist administration: Meta‑analysis of fixed versus 
flexible protocol. Reprod Biomed Online 2005;10:567‑70.

19. Mahutte NG, Arici A. Role of gonadotropin‑releasing hormone 
antagonists in poor responders. Fertil Steril 2007;87:241‑9.

20. Ubaldi F, Vaiarelli A, D’Anna R, Rienzi L. Management of 
poor responders in IVF: Is there anything new? Biomed Res Int 
2014;2014:352098.

21. Hendriks DJ, Mol BW, Bancsi LF, Te Velde ER, Broekmans FJ. 
Antral follicle count in the prediction of poor ovarian response 
and pregnancy after in vitro fertilization: A meta‑analysis and 
comparison with basal follicle‑stimulating hormone level. Fertil 
Steril 2005;83:291‑301.

22. Jayaprakasan K, Chan Y, Islam R, Haoula Z, Hopkisson J, 
Coomarasamy A, et al. Prediction of in vitro fertilization outcome 
at different antral follicle count thresholds in a prospective cohort 
of 1,012 women. Fertil Steril 2012;98:657‑63.

23. Chang MY, Chiang CH, Hsieh TT, Soong YK, Hsu KH. Use 
of the antral follicle count to predict the outcome of assisted 
reproductive technologies. Fertil Steril 1998;69:505‑10.

24. Frattarelli JL, Lauria‑Costab DF, Miller BT, Bergh PA, Scott RT. 



Kahyaoglu, et al.: Early GnRH antagonist start in poor responders

405Journal of Human Reproductive Sciences ¦ Volume 14 ¦ Issue 4 ¦ October-December 2021

Basal antral follicle number and mean ovarian diameter predict 
cycle cancellation and ovarian responsiveness in assisted 
reproductive technology cycles. Fertil Steril 2000;74:512‑7.

25. Bancsi LF, Broekmans FJ, Eijkemans MJ, de Jong FH, 
Habbema JD, te Velde ER. Predictors of poor ovarian response 
in in vitro fertilization: A prospective study comparing basal 

markers of ovarian reserve. Fertil Steril 2002;77:328‑36.
26. Yang YC, Li YP, Pan SP, Chao KH, Chang CH, Yang JH, 

et al. The different impact of stimulation duration on oocyte 
maturation and pregnancy outcome in fresh cycles with GnRH 
antagonist protocol in poor responders and normal responders. 
Taiwan J Obstet Gynecol 2019;58:471‑6.


