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a flexible protocol for IVF/ICSI patients
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Abstract: Flexible Gonadotropin-releasing hormone (GnRH) antagonist protocol has been used in controlled ovarian 
hyper-stimulation (COH) for several years, but it is still unknown when the appropriate timing for antagonist admin-
istration is. The objective of this study was to investigate the association between the leading follicle diameter and 
IVF/ICSI outcomes. This retrospective study was performed in a reproductive Medicine Center of a university hospi-
tal. Four hundred and eighty infertile women who underwent IVF/ICSI using flexible GnRH antagonist protocols were 
divided into 3 groups according to their leading follicle size (< 12 mm, 12-14 mm and ≥ 14 mm) on antagonist initia-
tion day. Clinical pregnancy rate was used as the primary endpoint. The clinical pregnancy rate of < 12 mm group 
(11.3%) was significant lower than 12-14 mm group (29.7%) and ≥ 14 mm group (41.8%). The implantation rate of  
< 12 mm group was lower but the E2 concentration on the HCG day, the number of oocytes retrieved and the number 
of cleavage embryos of < 12 mm group were significantly higher than those in 12-14 mm group and ≥ 14 mm group. 
The < 12 mm group had significant more 2PN embryos than the ≥ 14 mm group. The miscarriage rate and ectopic 
pregnancy rate among three groups were similar. Regression model showed that age was a negative factor whereas 
leading follicle size was a positive factor on IVF/ICSI outcome. In conclusion, our data indicates that the diameter of 
leading follicle > 12 mm on the antagonist initiation day may lead to higher pregnancy rate. 
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Introduction

Gonadotropin-releasing hormone (GnRH) anta- 
gonist is widely used these years in assisted 
reproductive technologies (ART), which blocks 
the release of luteinizing hormone (LH) and fol-
licle-stimulating hormone (FSH) from the pitu-
itary by competitively binding to GnRH recep-
tors in the pituitary gland [1, 2]. A common aim 
of using antagonists is to prevent a premature 
LH surge. Because an increase of LH serum 
level was reported in approximately 20% of 
stimulated IVF patients, and preventing LH 
surge increased pregnancy rate [3-5]. GnRH 
agonist has long been used to reduce the pre-
mature LH surges by the “flare up” effect which 
causes the pituitary desensitization, thus lead-
ing to the down-regulation of gonadotropin 
release [6, 7]. Compared with GnRH agonist, 
GnRH antagonist can rapidly achieve a revers-

ible state of down-regulation. Meanwhile, with 
respect to premature LH surges prevention, 
GnRH antagonist is more effective and has 
fewer side effects [8]. Two recent meta-analy-
ses showed that ongoing pregnancy/live birth 
rates were similar in GnRH antagonist protocols 
compared with the standard long GnRH agonist 
protocols, whereas the incidence of OHSS was 
significantly lower after GnRH-antagonist proto-
col [9, 10]. However, there was still a report 
showing that GnRH antagonist-treated patients 
had lower clinical pregnancy rates than GnRH 
agonist-treated patients [11]. There are two 
protocols of GnRH antagonist administration. In 
the fixed protocol, the GnRH antagonist is 
administered on stimulation day 6 (S6) of 
recombinant FSH. And in the flexible protocol, 
antagonist administration is started flexibly and 
takes follicular development into consideration 
[12]. In the comparison of the two protocols 
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above, a meta-analysis including four random-
ized controlled trials (RCTs) showed that there 
was no significant difference in pregnancy rate 
but a statistically significant reduction in the 
dosage of recombinant FSH with the flexible 
protocol [13]. Several randomized controlled 
trials (RCTs) then showed similar rates in preg-
nancy and incidence of premature LH rise 
between fixed and flexible protocols [12, 14].

The criterion for flexible GnRH antagonist ad- 
ministration differs. Most criteria were based 
on the diameter of leading follicle. In some 
studies, GnRH antagonist was administered 
when the diameter of leading follicle reached 
14 mm [15-21], while another study used a 
similar criterion, which was leading follicle size 
reached 13-14 mm [22]. There were also stud-
ies had their antagonists administered when 
the diameter of leading follicle was at 12 mm 
[12], 13 mm [23], 15 mm [24] or 16 mm [25]. 
Nevertheless, some studies took serum E2  
and LH level into account despite the diameter 
of leading follicle. In 2005, Lainas, Zorzovilis et 
al. chose E2 serum level > 600 pg/ml and LH 
serum level > 10 IU/l as a additional criteria, 
then several studies followed this study [18-
20]. Orvieto et al. and Kaur et al. started antag-
onists administration when estradiol levels 
were > 400 pg/mL and/or lead follicles reached 
14 mm [26, 27]. Other studies chose LH > 10 
IU/L and/or serum E2 > 150 pg/mL [12], serum 
E2 level ≥ 300 pg/mL [23] and serum E2 level > 
600 pg/ml [21] as additional criteria.

It is still unknown when the best timing for  
the initiation of antagonist administration is, 
therefore the main objective of our study is to 
investigate the association between leading 
follicle size and IVF/ICSI outcome and to evalu-
ate whether serum E2 and LH level should be 
used as criteria for flexible GnRH antagonist 
administration.

Materials and methods

Study design and patients population

This is a retrospective study approved by 
Reproductive Medicine Center, Tongji Hospital. 
Four hundred and eighty fresh cycles treated by 
IVF/intracytoplasmic sperm injection (ICSI) 
were included in this study from July 2013 to 
December 2014. Only the patients who under-
went their first treatments were included, none 

of them received oral contraceptive before 
ovarian stimulation. Of all the included patients, 
one hundred and ninety one patients had their 
cycle canceled. In order to discuss the influ-
ence of leading follicle size to ART outcomes, 
patients were divided into three groups accord-
ing to their leading follicle sizes: < 12 mm, 
12-14 mm, and ≥ 14 mm. 

Controlled ovarian stimulation

The ovarian stimulation was started by daily 
injections of recombinant human FSH (rFSH) 
and/or human menopausal gonadotropin (HMG) 
from the second or third day of the menstrual 
cycle, the dosage was adjusted on the ovarian 
response and serum E2. Serum E2, LH, proges-
terone and follicular diameter were measured 
before the administration of antagonist. Then 
GnRH antagonist (Cetrotide, Merck-Serono, or 
Orgalutran, MSD) was consecutively used till 
the day of HCG. Recombinant hCG (250 mg; 
Ovidrel; Serono) was given to trigger ovulation 
when two leading follicles reached a mean 
diameter of 18 mm. Oocyte retrieval was car-
ried out 34-36 hours after hCG administration 
by transvaginal ultrasound-guided puncture of 
follicles. IVF or ICSI was then applied and no 
more than three embryos were transferred on 
day 2 or day 3 after oocyte retrieval. 60 mg P 
injections IM was administered from the oocyte 
retrieval day for luteal support.

Outcome measures 

The primary outcome was the clinical pregnan-
cy rate, which was defined as the presence of a 
gestational sac with positive heartbeat at 6 
weeks after ET. Secondary outcomes included 
implantation, miscarriage, ectopic pregnancy 
rate and the number of oocytes retrieved, 2PN 
zygotes and embryos cleavage.

Statistical analysis

For proportional differences and categorical 
outcome, χ2 - tests were applied for trends sta-
tistic, and if the difference was significant, the 
odds ratio (OR) and 95% confidence interval 
(CI) compared with the lowest group was calcu-
lated. Measures concerning scale variables 
were compared by the one-way analysis of  
variance (ANOVA) method. Finally, factors relat-
ed to clinical pregnancy rate were assessed 
using a multivariate logistic regression analy-
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sis. Statistical analysis was performed with the 
SPSS 19.0 statistical analysis software for 
Windows (IBM). All tests were two-sided and 
considered significant at P < 0.05.

Results

From July 2013 to December 2014, over 1000 
COH cycles used the flexible GnRH antagonist 
protocol. Of them, 480 cycles met the inclusion 
criteria. For all the patients included, the mean 
age was 34.54 ± 0.26 years old, the mean BMI 
was 21.98 ± 0.13, and the mean duration of 
infertility was 5.13 ± 0.19 years. 

Table 1 showed the baseline characteristics. 
The χ2 comparisons showed that the causes  
of infertility were homogeneously distributed 
among the groups. Also, The ANOVA tests 
revealed that age, body mass index (BMI), dura-
tion of infertility and baseline FSH did not differ 
significantly among the six groups, except for 

the antral follicle count (AFC). SNK (Student-
Newman-Keuls) q test showed that for AFC, 
there was a significant difference between < 
12 mm group and 12-14 mm group.

The clinical pregnancy rate, implantation rate, 
miscarriage rate and ectopic pregnancy rate 
were tested with χ2 comparisons (Table 2). 
There was no significant difference in the can-
celation rate (P > 0.05) or the number of embry-
os transferred among the three groups (P > 
0.05). 

The results showed that the clinical pregnancy 
rate and implantation rate were significant dif-
ferent, whereas the miscarriage rate and the 
ectopic pregnancy rate were similar among the 
three groups. Figure 1 showed that the clinical 
pregnancy rate was 11.3% for group < 12 mm, 
29.7% for group 12-14 mm and 41.8% for group 
≥ 14 mm. The odds ratio of 12-14 mm group 
versus < 12 mm group was 3.31 (95% CI 1.313-

Table 1. Baseline characteristics of the study groups (n=480)

Baseline 
characteristics

Follicle size
P-value< 12 mm

n=98
12-14 mm

n=217
≥ 14 mm
n=165

Age (years) 33.90 ± 5.29 34.69 ± 5.492 34.72 ± 5.86 0.443
BMI (kg/m2) 22.04 ± 2.95 21.90 ± 2.64 22.06 ± 3.12 0.835
Duration of infertility (years) 5.22 ± 4.08 5.13 ± 4.23 5.08 ± 4.38 0.970
Cause of infertility
    Male factor 29.6% (29/98) 30.4% (66/217) 26.1% (43/165) 0.634
    Tubal causes 59.1% (58/98) 66.3% (144/217) 66.1% (109/165) 0.427
    Uterus causes 26.5% (26/98) 30.9% (67/217) 23.0% (38/165) 0.230
    Ovary causes 48.0% (47/98) 49.3% (107/217) 43.6% (72/165) 0.536
    Other causes 39.8% (39/98) 32.7% (71/217) 32.1% (53/165) 0.389
Baseline FSH (MIU/ml) 9.14 ± 4.34 9.08 ± 5.19 8.46 ± 3.84 0.359
Baseline AFC* 9.18 ± 7.45 7.10 ± 4.78 8.25 ± 6.06 0.010
*For this character, P < 0.05.

Table 2. Outcome variables for different study groups of uncanceled cycles (n=289)

End-points
Follicle size

P-value< 12 mm
n=53

12-14 mm
n=138

≥ 14 mm
n=98

Primary end-point
    Clinical pregnancy* 11.3% (6/53) 29.7% (41/138) 41.8% (41/98) 0.001
Secondary end-points
    Implantation rate* 8.4% (8/95) 20.2% (53/263) 26.4% (48/182) 0.002
    Miscarriage rate 1.9% (1/53) 5.1% (7/138) 5.1% (5/98) 0.597
    Ectopic pregnancy rate 1.9% (1/53) 1.4% (2/138) 2.0% (2/98) 0.938
*For this outcome, P < 0.05.
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8.348), and the odds ratio of ≥ 14 mm group 
versus < 12 mm group was 3.31 (95% CI  
2.202-14.420). The implantation rate of < 12 
mm group was significantly lower than those of 
12-14 mm group and ≥ 14 mm group.

Table 3 showed the outcome for all patients 
with different follicle size. The ANOVA compari-
son showed significant differences among the 
three groups in the E2 concentration on HCG 
day, the number of oocytes retrieved, the  
number of eggs fertilized (2PN), the number of 
eggs cleavage except for the LH and P levels on 
HCG day. Further SNK-q test showed that E2 
concentration on HCG day, No. of oocytes 
retrieved and No. of eggs cleavage of < 12 mm 
group were all significantly higher than 12-14 
mm group and ≥ 14 mm group. With regards to 
the number of eggs fertilized (2PN), the < 12 
mm group had significant more 2PN eggs than 
≥ 14 mm group.

Table 4 showed the results of logistic regres-
sion models that clinical pregnancy was set as 
the dependent variable, and the independent 
variables included age, BMI, years of infertility, 
type of infertility, cause of infertility, baseline 
FSH and AFC, cycle day of rFSH initiation, stimu-
lation period, rFSH initiation dose, total rFSH 
dose, leading follicle size on antagonist initia-
tion day, serum E2, LH and P on antagonist ini-
tiation day, total antagonist dosage, day of 

logue in early pregnancy [15]. At the beginning, 
in most of studies, the administration of antag-
onists was initiated at day 6 of stimulation [28-
30]. Then several studies showed that when 
antagonists were performed on day 6 of stimu-
lation or later, the majority of LH rises would 
have occurred before antagonist treatment. 
Therefore, it may be assumed that an earlier 
initiation of antagonist administration could be 
associated with a lower incidence of LH rise, 
that is, antagonist would start before day 6 or 
in a flexible way that took follicular develop-
ment into account [12]. 

In a prospective study in 1991, antagonists 
were administered when serum estradiol level 
exceeded 600 pg/ml, and in 2001, Olivennes 
et al. administered antagonists if estradiol per 
follicle > 14 mm exceeded 150 to 200 pg/ml 
[31]. Then in 2002, a randomized trial used the 
leading follicle size > 14 mm as a criterion of 
GnRH-A administration [15]. As previously  
mentioned, other studies used follicle size > 12 
mm, 13 mm, 15 mm and so on as criteria [12, 
23-25]. Meanwhile, some studies started dis-
cussing appropriate moment for antagonist 
administration, those studies mainly focused 
on the antagonist initiation day rather than the 
follicle size and serum LH and E2 levels. Trifon 
Lainas et al. [18] found that antagonist initia-
tion earlier than D6 resulted in higher pregnan-
cy rate for patients whose leading follicular size 

Figure 1. The clinical pregnancy rate for groups with different leading follicle 
size.

antagonist initiation, E2, P and 
LH on HCG day. In this model, 
the results show that the clini-
cal pregnancy was dependent 
on two factors: age and lead-
ing follicle size. A lower age or 
a larger leading follicle was 
associated with a higher preg-
nancy rate.

Discussion

GnRH antagonist has been 
widely used in the ovarian 
stimulation to avoid LH surge, 
and has several advantages, 
such as a shorter duration of 
stimulation, fewer dosage of 
gonadotropins, no increased 
risk of cyst formation, no prob-
lem with hormonal withdrawal 
symptoms, and no risk of ad- 
ministration of a GnRH ana-
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Table 3. Outcome variables for different study groups (n=480)

End-points
Follicle size

P-value< 12 mm
n=98

12-14 mm
n=217

≥ 14 mm
n=165

E2 concentration on HCG day (pg/ml)* 2956.78 ± 2781.87 2105.20 ± 1446.01 2029.21 ± 1796.57 0.000
LH concentration on HCG day (pg/ml) 3.37 ± 5.40 3.14 ± 3.43 3.03 ± 2.89 0.794
P concentration on HCG day (pg/ml) 1.18 ± 1.75 1.01 ± 0.54 1.02 ± 0.61 0.275
No. of oocytes retrieved* 8.72 ± 8.45 6.50 ± 4.49 5.70 ± 4.18 0.000
No. of eggs fertilized (2PN)* 4.92 ± 4.51 4.12 ± 3.17 3.61 ± 2.95 0.010
No. of eggs cleavage* 5.51 ± 5.85 4.30 ± 3.32 3.69 ± 3.07 0.001
*For this outcome, P < 0.05.

Table 4. Results of logistic regression models with clinic pregnancy as the dependent variable
Parameter β-value P-value Adjusted OR 95% CI 
Age* -0.072 0.029 0.930 0.871-0.993
BMI -0.050 0.362 0.951 0.854-1.059
Years of infertility (years) 0.019 0.610 1.019 0.949-1.094
Type of infertility 0.453 0.179 1.573 0.813-3.044
Cause of infertility
    Male factor 0.604 0.075 1.830 0.941-3.558
    Tubal causes -0.422 0.191 0.656 0.348-1.234
    Uterus causes 0.225 0.489 1.252 0.662-2.369
    Ovary causes -0.020 0.949 0.980 0.531-1.810
    Other causes 0.287 0.340 1.333 0.738-2.407
Baseline FSH -0.077 0.146 0.926 0.834-1.027
Baseline AFC 0.023 0.529 1.023 0.953-1.099
Day of rFSH initiation -0.016 0.912 0.985 0.746-1.299
Stimulation period (days) 0.161 0.269 1.175 0.883-1.565
rFSH initiation dose 0.004 0.234 1.005 0.997-1.012
Total rFSH dose -0.000 0.437 1.000 0.999-1.001
Leading follicle size on antagonist initiation day* 0.174 0.047 1.190 1.002-1.412
Serum E2 level on antagonist initiation day -0.000 0.747 1.000 0.999-1.001
Serum LH level on antagonist initiation day -0.020 0.526 0.980 0.922-1.042
Serum P level on antagonist initiation day 0.296 0.701 1.344 0.297-6.075
Total antagonist dosage -0.168 0.149 0.846 0.674-1.062
Day of antagonist initiation -0.015 0.898 0.985 0.779-1.245
Serum E2 level on HCG day 0.000 0.216 1.000 1.000-1.000
Serum LH level on HCG day -0.010 0.980 0.990 0.436-2.245
Serum P level on HCG day 0.036 0.552 1.037 0.920-1.168
*For this factor, P < 0.05.

> 14 mm and/or E2 > 600 pg/ml and/or LH > 
10 IU/l. Younis’ study also showed that addi-
tional early and short follicular GnRH antago-
nist supplementation besides antagonists 
starting when the leading follicle reaches 14 to 
15 mm diameter improved the meiotic status 
and competence of retrieved oocytes but the 
clinical pregnancy rate was similar [32]. 

However a retrospective study showed the 
patients who meet follicle and E2 criteria later 
did as well as those who meet criteria earlier 
[23].

In our study, we found that leading follicle size 
was the only factor associated with clinical 
pregnancy rate besides the influence of age. 
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Since maternal age is proved to affect oocyte 
quality and follicle numbers thus causing poor 
response of patients [33]. Our discussion was 
focused on the association between lea-ding 
follicle size and IVF/ICSI outcomes.

Compared with group 12-14 mm and ≥ 14 mm, 
antagonist administration when leading follicle 
size < 12 mm significantly resulted in lower 
clinical pregnancy rates and implantation rates, 
despite a larger number of retrieved oocytes as 
an outcome and higher AFC in baseline 
characteristics.  

This finding showed that it is reasonable for 
almost all of studies having their leading follicle 
size ≥ 12 mm when antagonist administration 
were started. And it could be beter if GnRH 
antagonists administration were initiated when 
leading follicle size reached 12 mm. However, 
the result was new and paradoxical with what 
Younis’ study has suggested [32]. Since our 
study was retrospective and our total number 
of women included was small, prospective and 
larger studies are needed to support our 
findings.

With regard to serum E2 and LH levels on  
antagonist initiation day, we found no signifi-
cant association with pregnancy outcome. 
Since LH surge is unlikely to occur before  
serum E2 levels have reached 600 pmol/l [34], 
and only 143 out of 480 patients reached E2 > 
600 pmol/l on the antagonist initiation day,  
the possibility of LH surge presence was  
relatively low, which could hardly influence  
the pregnancy outcome. Nevertheless, Trifon 
Lainas et al. [18] considered that E2 and LH lev-
els should be parts of the antagonist adminis-
tration criteria, because in their study, only 10% 
of patients met the E2 criterion (> 600 pmol/l) 
when their leading follicle size < 14 mm, and 
the LH criterion should be regarded as a safety 
precaution because antagonist administration 
is aimed to prevent LH upsurges. 

Our study provided a reference criterion for  
clinic GnRH antagonist administration but still 
needs support from prospective and larger 
studies to confirm the association between 
leading follicle size and IVF/ICSI outcomes, 
whether larger follicle size on GnRH antagonist 
initiation day would lead to better pregnancy 
outcome. Meanwhile, due to a small population 
of patients whose leading follicle sizes reached 
15 or 16 mm, we didn’t get the overall view of 

the relationship between follicle size and preg-
nancy rate, therefore, further studies are need-
ed to clarify whether larger follicle size on GnRH 
antagonist initiation day still results in better 
outcomes compared to leading follicle size < 
12 mm or there is a turning point of the preg-
nancy rate when leading follicle size on antago-
nist initiation day > 14 mm.

In conclusion, this study compared the clinical 
outcomes of IVF/ICSI patients with different 
leading follicle size on GnRH antagonist initia-
tion day, and showed that antagonist adminis-
tration when leading follicle size < 12 mm sig-
nificantly resulted in lower clinical pregnancy 
rate and implantation rate, despite a larger 
number of retrieved oocytes as an outcome 
and higher AFC in baseline characteristics 
when compared with groups that antagonists 
were started when leading follicle size reached 
12-14 mm and ≥ 14 mm. While the miscarriage 
rate and ectopic pregnancy rate were similar. 
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