
Introduction
Poor ovarian reserve or response (POR) is a challenging 
situation in assisted-reproductive technology regarding 
definition, diagnosis, and treatment strategy (1). The 
prevalence of POR varies between 5.6% and 35.1% (2,3) 
and regardless of the applied definition, it is evident that, 
nowadays, the POR women account for an increasing 
number of women attending the in vitro fertilization 
clinics (4).

An inadequate response to controlled stimulation will 
result in a decreased number of oocyte pick-up (OPU), 
increased rates of cancellation, as well as a reduced number 
of transferred embryos and reduced rates of pregnancy in 
comparison with normal responder woman (5,6).

POR is commonly defined according to Bologna 
criteria (2011), but this definition was not agreed upon 
substantially and thus remained indistinct (7). The 
POSEIDON (Patient-Oriented Strategies Encompassing 
Individualized Oocyte Number) group is currently 

designed to enhance the definition and treatment of POR 
(8) and is regarded as a novel method for improving the 
assisted reproduction outcome (9). This method was 
adopted in our study as well.

Different regimens are used to improve the POR 
outcome although no ideal treatment protocol has proven 
to be superior to another (10,11).

The micro-dose flare-up regimen appears to be more 
successful with regard to the response of the ovaries or 
the pregnancy rate (PR) (12,13). Subsequent studies 
reported no effect on PR when using different doses 
of gonadotropin-releasing hormone (GnRH) agonist 
(i.e., placebo, 15, 50, and 100 µg/day). The fundamental 
concept of the protocol is the addition of the least dose 
of agonist for stimulating the secretion of gonadotrophins 
and reducing the premature luteinizing hormone (LH) 
surge (14).

Likewise, utilizing the GnRH protocol for pituitary 
down-regulation is a commonly used approach for 
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poor responders. They cause instant suppression by a 
competitive block of GnRH receptors and this block 
will prevent the premature release of LH and follicle-
stimulating hormone (FSH) (15).

This study was designed to assess the effectiveness of 
three various regimens of ovarian stimulation in POR 
patients who underwent assisted reproduction cycles 
including micro-dose, standard flare-up, and antagonist 
protocols.

Patients and Methods
Study Plan and Place
A prospective randomized controlled study was 
accomplished at the Higher Institute for the Diagnosis 
of Infertility and Assisted Reproduction Techniques, Al-
Nahrain University, Baghdad, Iraq, from July 2018 to 
May 2019 after the approval of the study by Fellowship of 
Infertility and Reproductive Medicine Committee in Iraq.

Participant Selection and Preparation 
POR women were selected according to POSEIDON 
criteria (8) and those who underwent ICSI- embryo 
transfer (ET) cycles for primary or secondary infertility 
were enrolled in the study. Informed written consent was 
obtained from all participants. 

Women who were within the age of less than 18 or 
more than 43 years and had a body mass index of ˃30, 
severe endometriosis, premature ovarian failure, thyroid 
dysfunction, or hyperprolactinemia were excluded from 
the study.

All the participants received combined oral contraceptive 
pills in the preceding menstrual cycles for 12-21 days in 
order to achieve a better-synchronized response and a 
scheduled period.

Women were asked to come on day 2-3 of their 
menstrual cycle. Then, baseline transvaginal ultrasound 
TVU (Sonographic device, Phillips) was performed on 
all the patients to rule out the existence of any ovarian 
cyst, follicle more than 10 mm in diameter, or thick 
endometrium more than 5 mm, as well as the existence of 
uterine fibroid. On the same day, baseline hormonal assay 
was performed using Immulite 2000XPi immunoassay 
system/Siemens to test hormones such as FSH, LH, 
the plasma levels of estradiol (E2), serum testosterone, 
serum prolactin, thyroid-stimulating hormone, and anti-
Müllerian hormone (AMH).

Treatment Protocols
Patients were randomly allocated to one of 3 groups 
undergoing micro-dose flare-up (1st group), standard-
dose flare-up (2nd group), and antagonist (3rd group) 
protocols.

In group 1, the patient received 25 µg of triptorelin 
subcutaneously on cycle day 2 or 3 and high dose 
gonadotrophins in the form of 300 IU FSH (Gonal –F, 
Serono, Geneva, Switzerland) and 150 IU HMG (Menopur; 

Ferring) given daily until the day of human chorionic 
gonadotropin (hCG) administration. Patients of group 2 
received 100 µg triptorelin administered on cycle day 2 or 
3 with high dose gonadotrophins given daily until the day 
of hCG administration. In group 3, patients received high 
dose gonadotrophins daily starting from 2nd to 3rd day 
of menses, then 0.25 mg/d of Cetrotide (Merck-Serono, 
Germany) was given subcutaneously when the dominant 
follicle approached 13-14 mm in diameter according to 
the flexible protocol and continued daily then after the 
day of hCG administration.

The follow-up of the patients was carried out in all three 
groups by serial TVU and E2 level every 2-3 days, and the 
dose of gonadotrophins was adjusted corresponding to the 
response. Serum E2 was measured on hCG administration 
day as well.

When one or more follicles reached ≥18 mm in 
diameter and E2 ≥ 500 pg/mL, 5000-10 000 IU of hCG 
was administered intramuscularly in the form of Pregnyl 
(Gonasi HP 10000, IBSA, Rome, Italy) for final maturation 
and oocyte pick-up (OPU).

If these criteria failed to meet following 10-12 days of 
ovarian stimulation initiation, then the cycle would be 
canceled because of an inadequate ovarian response.

OPU was carried out 35-36 hours following hCG 
triggering and fertilization was performed via ICSI. The 
embryo was transferred in the third day to the entire 
participants in case of fertilization occurrence and all of 
them received vaginal progesterone Cyclogest suppository 
400 mg twice daily (Cyclogest, 400 mg, Actavis, Barnstaple, 
UK) as a luteal phase support, starting from the day of 
OPU and continued up to 10-12 weeks if the pregnancy 
test was positive.

The pregnancy test in the form of serum B-hCG was 
performed 14 days after ET. Clinical pregnancy was 
confirmed two weeks later by TVU, showing the presence 
of the gestational sac. In addition, the fertilization rate 
was determined as the percentage transformation of 
microinjected oocytes into two pronuclei, followed by 
estimating the implantation rate as the ratio between 
the number of the gestational sac to the number of the 
transferred embryo.

Outcome Measures
The primary outcome measure was the retrieved number 
of prime oocytes and the secondary outcomes included 
fertilization, implantation, and PRs.

Statistical Analysis
The statistical analysis was accomplished by utilizing 
SPSS, version 20. Continuous and categorical parameters 
were presented as means ± SD, as well as frequencies 
and percentages, respectively. Finally, one-way ANOVA 
and chi-square tests were utilized for mean comparison 
between the three groups. The P ≤ 0.05 was considered 
statistically significant. 
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Results
This prospective study included 114 POR women who were 
recruited following POSEIDON criteria and undergoing 
ICSI cycles. Then, they were randomly categorized into 
three equal (38 women each) groups according to the 
treatment protocol, including micro-dose, flare-up, and 
antagonist protocol groups. No statistically significant 
variation was observed among the three groups regarding 
age, weight, the period of infertility, previous IVF, and 
previous cancellation cycle. Neither day 2 hormonal assay 
(i.e., FSH, serum estradiol, and AMH) nor antral follicle 
count (AFC) showed any significant difference (Table 1).

The peak of E2 varied significantly among the 3 groups 
at hCG administration day and a higher estradiol level 
was observed in the standard flare-up group compared to 
micro-dose and antagonist groups (1160.99 ± 922.83 versus 
898.39 ± 70.82 and 718.46 ± 604.04, respectively). Further, 
the thickness of endometrium differed significantly at the 
hCG triggering day and higher thickness was found in the 
micro-dose group as compared to flare-up and antagonist 
groups (10.72 ± 1.79 versus 9.00 ± 1.70 and 8.45 ± 1.92, 
respectively).

There was no significant variation among the groups in 
the days of stimulation, the total dose of gonadotrophins, 
and the number of the retrieved oocytes. However, the 
required days for stimulation and total gonadotropin for 
stimulation in the antagonist group were non-significantly 
less compared to flare-up and the micro-dose groups 
(Table 2).

Likewise, no significant difference was detected in 
fertilization and implantation rates among the groups. 
However, fertilization and implantation rates were both 
non-significantly more in the micro-dose group compared 
to antagonist and flare-up groups. 

Finally, the PR was more in the micro-dose group 
compared to antagonist and flared-up groups, but the 
difference was not statistically significant. It should be 
mentioned that the PR was equal in both flare-up and 
antagonist groups. The results further revealed that there 
were lower cancellation rates in micro-dose group (10 
cases, 26.3%) compared to antagonist 1(6 cases, 42.1%) 

and flare-up (17 cases, 44.7%) groups although the 
difference was not significant (P > 0.05), related data are 
shown in Table 3.

Discussion
The successful treatment of POR still represents a major 
obstacle to the clinician despite the major improvement 
in assisted-reproductive technology and the suggested 
multiple strategies, but unfortunately, effective treatment 
is yet unknown (16,17).

Studies comparing the micro-dose regimen with the 
antagonist regimen in treating women with a reduced 
response (18-23) are relatively less in comparison to those 
comparing the antagonist with agonist flare-up protocol in 
POR women undergoing ICSE-ET (24-30). Furthermore, 
there is still a debate on the effectiveness of these three 
protocols.

Our study was designed to evaluate the efficacy of these 
three protocols (i.e., micro-dose flare-up, standard-dose 
flare-up agonist l, and flexible antagonist protocols) in a 
group of POR women chosen according to POSEIDON 
criteria. This study, to the best of our knowledge, is the 
first one to compare these three protocols in patients who 
were recruited according to the POSEIDON criteria. The 
demographic, clinical, and hormonal assay parameters 
were matched for the three groups with no noticeable 
variation.

The results of the current study revealed that the micro-
dose flare-up regimen provided better results in the 
matter of collected mature oocytes, as well as fertilization, 
and implantation rates and the clinical PR with a lower 
cancellation rate although the results failed to reach a 
statistical significance. Contrarily, a micro-dose flare-
up protocol showed significantly higher endometrial 
thickness compared to the other two protocols. On the 
contrary, the total amount of gonadotropins and the days 
of the applied stimulations among the three groups were 
in favor of antagonist protocol although it failed to reach a 
statistical significance.

Our study compared micro-dose versus antagonist 
protocol and confirmed the results of other studies. 

Table 1. Demographic, Clinical Criteria, and the Basal Hormonal Assay of the 3 Groups

Parameter Micro-dose Protocol
n=38, Mean ± SD

Flare-up Protocol
n=38, Mean ± SD

Antagonist Protocol
n=38, Mean ± SD P Value

Age (y) 36.57±4.20 37.63±4.66 35.57±5.77 0.19
BMI (kg/m2) 26.94±2.49 26.77±2.19 26.96±2.06 0.92

Duration of infertility (y) 8.38±4.74 9.64±5.88 9.32±4.51 0.53

FSH (mIU/mL) 11.21±3.34 11.04±4.59 10.99±3.39 0.965

Estradiol (pg/mL) 36.22±10.25 37.98±12.86 47.98±66.95 0.38

AMH 0.56±0.244 0.57±.341 0.56±.277 0.96

AFC 4.73±1.36 4.92±1.93 4.73±1.36 0.84

Previous IVF 0.28±0.61 0.57±0.75 0.50±0.83 0.21
Previous cancelled cycle 0.23±0.43 0.26±0.55 0.21±0.52 0.90

Note. SD: standard deviation; BMI: body mass index; FSH: Follicle-stimulating hormone; AMH: anti-Müllerian hormone; AFC: antral follicle count; 
IVF: In vitro fertilization
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For instance, Boza et al compared micro-dose flare-up 
agonist with antagonist protocols in POR women and 
reported that the number of collected oocytes and the 
implantation rate were higher in the micro-dose protocol 
group but with a comparable clinical PR. The doses of the 
applied gonadotropin were considerably low in antagonist 
regimen (18). In addition, Demirol and Gurgan in their 
randomized study showed the same results (19).

Similarly, Kovanci and Gibbons conducted a meta-
analysis comparing micro-dose with antagonist protocols 
in POR patients and noticed that the mean number of 
the retrieved oocytes and the clinical PR were in favor of 
micro-dose flare-up protocol, but the variation was not 
significant (20).

In another study, Özdoğan et al showed that the PR was 
non-significantly more in micro-dose protocol while the 
days of stimulations and a total dosage of gonadotropins 
were non-significantly more in the antagonist group (21). 
Moreover, Kahraman et al found that the clinical PR 
was non-significantly more elevated in the micro-dose 
group (22).

Additionally, Malhotra et al compared micro-dose flare-
up versus the antagonist protocol in POR women chosen 
in accordance with Bologna criteria and indicated that the 
number of mature oocytes and E2 on hCG triggering day 
were non-significantly higher in the micro-dose group but 
with a comparable PR (23).

On the other hand, the results of our study regarding 
comparing the flare-up agonist protocol versus antagonist 
one showed that the total amount of gonadotropin 
and the days of stimulation were less in the antagonist 
protocol without any statistical significance while E2 and 
endometrial thickness at the hCG triggering day were 
considerably more. Further, the number of the collected 
oocytes were non-significantly more in the flare-up 
group, while fertilization and implantation rates were 

non-significantly more in the antagonist group with a 
similar PR. Malmusi et al also demonstrated that the 
flare-up protocol seems more productive compared to 
the antagonist protocol regarding the collected mature 
oocytes, as well as the fertilization rate and top-quality ET 
in POR patients (24). 

On the other hand, several studies reported no 
significant differences between flare-up agonist and 
antagonist protocols. For instance, Akman et al compared 
both regimens and found the same result regarding clinical 
pregnancy and implantation rates (25). The comparable 
outcomes were observed in the studies by Devesa et al and 
Berin et al (26,27). Furthermore, in their meta-analysis, 
Xiao et al did not find any significant differences between 
the two regimes (28). On the other hand, Lainas et al 
showed that the antagonist protocol was associated with 
considerably more PR (29).

Conclusions
In general, the results of this study revealed that micro-
dose protocol in a poor responder improved pregnancy, 
fertilization, implantation rates, while it reduced the 
cancellation rate in comparison to standard flare-up 
and antagonist protocols although the result was not 
statistically significant. Thus, further studies are required 
to assess the superiority of micro-dose flare-up protocol 
over the other protocols in a poor responder.
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