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Abstract
The aim of this study was to evaluate the relationship of oestradiol level on the day of hCG (peak E2)/oocyte ratio and the
outcome of ART cycles. Of the patients who underwent IVF-ET, 600 normal and high responders to the first cycle of COH
with gonadotropin releasing hormone (GnRH)-agonist were included in the study. Patients were designated into three
groups based on peak E2/oocyte ratio (Group A: 5100 pg/ml per oocyte, Group B: 100–200 pg/ml per oocyte, Group C:
4200 pg/ml per oocyte). A comparison among groups was made regarding ovarian stimulation characteristics, fertilisation,
implantation and pregnancy rates. After the division based on E2/oocyte ratio, in Group C, the number of oocytes retrieved,
2PN and M2 oocyte were statistically lower than both of the other two groups (p¼ 0.001, 0.001, 0.001, 0.045). HCG day E2
level was significantly different in all groups (p¼ 0.001), and fertilisation rate was meaningfully highest in Group C and
lowest in Group A (p¼ 0.001). No difference existed among the three groups with respect to the number of embryos
transferred and implantation rates. However, clinical pregnancy rate was significantly lower in Group A than others
(p¼ 0.04). In ART cycles suppressed by GnRH-agonist, IVF outcomes are lower in patients with an E2/oocyte proportion of
5100 pg/ml per oocyte.
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Introduction

Two principal parameters used clinically when following
follicle development in controlled ovarian hyperstimulation
(COH) cycles are oestradiol level and follicle size. In
general, as oestradiol secretion rises in the follicular phase,
so does follicle size. Despite the well-known effects of
oestradiol level on the proliferative phase of the cycle,
studies remain inconclusive about its effects on the luteal
phase [1–3].

While certain studies report that elevated E2 levels on the
hCG day correlate with lower pregnancy and implantation
rates in IVF patients, others claim no such effect [4–6].

The effect of E2/oocyte ratio is not yet clear for
reproductive outcome, and the optimal ratio has not been
well defined. One of the earliest studies conducted on this
issue was that of Loumaye et al. [7], where E2/oocyte
ratio emerged as a strong parameter predicting success in
IVF patients undergoing GnRH agonist suppressive
protocol, and the highest rate of pregnancy was obtained
at an E2/oocyte ratio of 70–140 pg/ml/oocyte. Yang
et al.’s [8] study reported low pregnancy and implantation
rates at the presence of elevated E2/oocyte ratio in
GnRH-a protocol patients. In contrast to these studies,
Orvieto et al. [9] did not observe a difference in
pregnancy rates at different E2/oocyte ratios in GnRH-
agonist protocols.

We designed this study due to the inconclusive results in
the literature. We investigated the relationship between

E2/oocyte ratio and IVF outcomes in patients undergoing
GnRH-a and COH.

Materials and methods

Patient population

Of the patients who underwent IVF-ET at the Depart-
ment of Reproductive Endocrinology at our hospital
between the years 2005 and 2007, 600 normal and
high responders to the first cycle of COH with GnRH-
agonist were included in the study. Approval for the
study was obtained from the local ethics committee of
the hospital. Data was obtained from patient records.
IVF indications included tubal factor, male factor,
endometriosis (Stage 1 and 2), polycystic ovarian syn-
drome and unexplained infertility. Study inclusion
criteria included the following:

1. A basal FSH hormone level less than 10 IU/l
2. Age between 18 and 38
3. Long protocol with GnRH-a and rFSH
4. First cycle of IVF treatment.

Exclusion criterias were poor responders (women who
achieved an E2 level 5500 pg/ml on the day of hCG
administration and/or women in whom 55 oocytes were
retrieved), Stage 3 and 4 endometriosis patients, severe
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male factor, frozen-thawed cycles and other stimulation
protocols. The patients that have been ‘coasting’ have
not been included to the study.

Stimulation protocols

All patients were started 0.035 mg oestradiol/0.15 mg
desogestrel oral contraceptive pill. Subcutaneous 0.5 mg/
dl Leuprolid acetate (lucrin daily flacon, 1 mg Abott,
Cedex, _Istanbul) was used for the inhibition and it was
started from midluteal phase of previous menstruel cycle.
The ovarian stimulation was initiated when serum oestra-
diol levels were lower than 50 pg/ml and follicules smaller
than 10 mm. rFSH (Gonal F,Serono, _Istanbul) was used
for ovarian stimulation based 225 IU initiation dose on the
third day of vaginal bleeding. After the initiation of
gonadotrophin stimulation, the dosage of lucrin was
reduced to 0.25 mg/dl and continued until the day of
oocyte retrieval. The starting regimen was fixed for the first
3 days, with the dose of rFSH subsequently adjusted
according to individual ovarian response. One injection of
HCG (10,000 IU.) was administrated when an adequate
follicular response was recorded with ultrasound. Criteria
for hCG administration was at least three ovarian follicles
with a mean follicle diameter 417 mm. No specific E2
level was given in this protocol as a binding criteria for
HCG administration, but the serum E2 level was to be
within an acceptable range for the number of follicles
according to the investigator’s experience. After hCG
administration, standard ovum pick-up, ICSI and ET
procedures were performed. Embryos were evaluated
according to G1-5 grading system [10]. All transfers were
completed on Day 3, and no more than 3 Grade 1 embryos
were transferred.

Good-quality embryos were defined as equal-sized,
symmetric blastomeres with 510% fragmantation under
inspection in an inverted microscope. Starting than
after oocyte pick-up all patients received luteal phase
support using daily vaginal progesterone suppositories
(Crinone, Serono, _Istanbul). Fertilisation rate was defined
as the percentage of fertilised embryos (2PN) in all the
oocytes. The implantation rate was the proportion of
embryo transferred resulting in an intrauterine gestational
sac. Pregnancies were confirmed 2 weeks after ET, when
the serum hCG was elevated. An intrauterine gestational

sac was documented by transvaginal ultrasound 1 week
after hCG elevation. A clinical pregnancy is defined by the
presence of one or more gestation sacs. Moderate OHSS
has been occurred only at five patients in 4200 pg/ml
group.

Laboratory methods

The serum levels of E2, FSH and LH was studied
with Electrochemiluminescence Immunoassay ‘ECLIA’
(Roche) is intended use on Elecsys and cobas e 601
immunoassay analysers. The analysis sensitivity of the assay
was 5 pg/ml, and linear interval of test was 500–4300 pg/ml
for oestrogen. E2 levels were assayed with intra- and
inter-assay coefficients of variation of 53.3 and 54.9%,
respectively. FSH sensitivity assay 0.13 mIU/ml, range
assay 0.13–200 mIU/ml and sensitivity assay 5% were
measured. For serum FSH measurement, the intra- and
inter-assay coeffcients of variation were 52.8 and 54.5%,
respectively.

Statistical analysis

Analysis of the data was done using SPSS 13 package
programme. Definitive statistics were given as mean+
standard deviation for constant variables. Statistical tests
were carried out using one-way analysis of variance
(ANOVA) and Tukey HSD within multiple comparisons
for continuous data and w2 test for categorical data. A
p value5 0.05 was considered statistically significant.

Results

Mean age of our patients was 31+ 4 (range: 18–38). Mean
basal FSH amount was 6.68+ 1.9 mIU/ml (range: 0.1–
16 mIU/ml). Mean hCG day peak E2 level was 2557+
1305 pg/ml, and mean number of retrieved oocytes was
9.9+ 5.1. Clinical pregnancy was obtained in 264 patients
(44%). Patients were divided into three groups according
to their peak E2/oocyte ratio (Group A: 5100 pg/ml per
oocyte, Group B: 100–200 pg/ml per oocyte, Group C:
4200 pg/ml per oocyte). Clinical characteristics in differ-
ent E2/oocyte ratios are shown in Table I. No difference

Table I. Clinical and ovarian response characteristics in different E2/oocyte ratios.

E2/oocyte ratio

p5100 pg/ml 100–200 pg/ml 4200 pg/ml

Number of cycles 17 166 417

Age (year) 32.1+4.5 31.7+ 3.9 31.1+3.7 NS

Basal E2 (pg/ml) 51.7+21.5 41.8+ 14.8 47.0+18.9 0.02

Basal FSH (mIU/ml) 5.9+2.3 6.6+ 1.8 6.7+1.9 NS

Basal LH (mIU/ml) 7.3+9.2 6.0+ 4.1 5.8+3.7 NS

Antral follikül sayısı 4.7+0.6 4.4+ 0.6 4.5+0.6 NS

Gonadotropins used (IU) 2057+972 1860+ 802 2004+982 NS

E2 on day of HCG (pg/ml) 917+634 1887+ 875 2899+1315 0.01*

Number of follicles 414 mm on day of HCG 11.1+5.1 10.5+ 5.0 6.9+3.6 0.001{

Number of oocyte retrieved 14.1+7.1 12.0+ 5.5 8.9+4.4 0.01{

M2 11.6+6.3 9.8+ 4.7 7.6+4.0 0.01{

2PN 7.7+4.4 6.7+ 3.7 5.3+3.3 0.01{

NS, non-significant.

*Group A versus Group B versus Group C.
{Group C versus Group A and Group B.
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existed between the three groups with respect to age, day-3
FSH and LH level, number of antral follicles and
gonadotropin dose. In Group C, the number of oocytes
retrieved, 2PN (fertilised oocyte) and M2 oocyte were
statistically lower than both of the other two groups
(p¼ 0.001, 0.001, 0.001, 0.045). hCG day E2 level was
significantly different in all groups (p¼ 0.001), and
fertilisation rate was meaningfully highest in Group C
and lowest in Group A (p¼ 0.001) . However, no diffe-
rence existed among the three groups with respect to good-
quality embryos, number of embryos transferred and
implantation rates. However, the clinical pregnancy rate
was significantly lower in Group A than others (p¼ 0.04)
(Table II). The clinical pregnancy rates of E2/follicles sub
groups were 14.3% (2/14) in Group A, 51.4% (36/70) in
Group B and 44.5% (230/516) in Group C. Also, the
clinical pregnancy rate was significantly lower in Group A
than others according to E2/follicles ratio (Table III).

Discussion

While initially the success of IVF outcome used to be
associated with E2 level, it was soon resolved that E2/
oocyte ratio is more important in a successful COH cycle
[7,11–14].

There is no accepted optimal E2/oocyte ratio as of yet.
Loumaye et al. [7] claimed that the optimal ratio was
70–140 pg/ml/oocyte, and advocated this to be a strong
index of success in IVF cycles undergoing GnRH agonist
suppressive protocol. They investigated this ratio in five
groups and reported that an elevated E2/oocyte ratio
increased the peak E2 level and decreased the number of
oocytes retrieved. In Loumaye et al.’s [7] study, the
pregnancy rate fell as the E2/oocyte ratio increased;
however, the lowest pregnancy rate was present in the
group with an E2/oocyte ratio of less than 70 pg/ml. In our
study, although the number of embryos and the rate of
quality embryos were similar (as in Loumaye et al.’s study),
pregnancy rates were lowest in the group with an E2/oocyte
ratio of less than 100 pg/ml per oocyte.

Yang et al. [8] reported in their study that an elevated
E2/oocyte ratio correlates with lower pregnancy rates.
Orvieto et al. [9] compared E2/oocyte ratio in agonist and
antagonist groups and reported it not to affect outcomes in
the agonist group in normal or high-response patients.

While Loumaye et al. [7] did not find a difference
between the fertilisation rate in their groups, Yang et al. [8]
found higher fertilisation rates in the high E2/oocyte group
[8]. Yang associated this with the compensatory theory and
Vanderhyden’s description of E2 as a potential direct
regulator of gametogenesis or possibly an indirect mod-
ulator of cumulus cell functions initiated by the oocyte [8].
In our study, there was statistical difference between the
three groups with respect to fertilisation rate. As in Yang’s
study, while high fertilisation was present in the E2/oocyte
group, the lowest fertilisation rate occurred in the
5100 pg/ml per oocyte group.

Yang et al. found in their study that implantation rate
was low in the high E2/oocyte group. Yang et al. attributes
this to the detrimental effect of high E2 levels on
endometrium receptivity. In our study, even though there
was no statistically meaningful difference in implantation
rate, it was much lower in the E2/oocyte 5100 pg/ml per
oocyte group than the other two groups. The lack of a
statistical difference may have been due to the small
number of patients in this group.

IVF outcomes in Loumaye et al. and our studies were
lower in groups with a low E2/oocyte ratio, and better
results may be achieved by increasing this ratio.

As shown in Lomaye et al.’s [7] study, a strong
association is present between the E2/oocyte proportion
and E2/follicle 4 11 mm. An alternative solution may then
be using HMG HP-HMG [15] or low dose hCG [16] or to
delay hCG administration [17–19] to increase E2 levels in
patients so that they have an E2/follicle ratio of 4100 pg/
ml per oocyte.

There is not enough data as if E2/follicle ratio predict E2/
oocyte ratio or not. Only at Loumaye et al. study, there
is an interpretation that there was a strong association
between E2/follicle ratio and E2/oocyte ratio. At the study
of Orvieto et al., E2/oocyte and E2/follicle ratios have been

Table II. Reproductive outcomes with different E2/oocyte ratios.

E2/oocyte ratio

p5100 pg/ml 100–200 pg/ml 4200 pg/ml

Good-quality embryos rate (%) 50.0+21.2 60.6+ 28.9 62.0+ 30.0 NS

Number of embryos transferred 3.2+0.9 3.3+ 0.9 3.0+ 1.2 NS

Fertilisation rate (%) 43.2+19.3 53.8+ 23.4 63.1+ 22 0.001*

Implantation rate (%) 8.3+12.3 19.0+ 29.9 19.6+ 32.6 NS

Pregnancy rate (%) 3/17 (17.6) 80/166 (48.2) 181/417 (43.4) 0.04{

NS, non-significant.

*Group A versus Group B versus Group C.
{Group A versus Group B and Group C.

Table III. Pregnancy rates with different E2/follicle ratios.

E2/follicle ratio

5100 pg/ml 100–200 pg/ml 4200 pg/ml p

Number of follicles 414 mm

on day of HCG

11.1+ 5.1 10.5+5.0 6.9+3.6 0.001

Pregnancy rates:n (%) 2/14 (14.3) 36/70 (51.4) 230/516 (44.5) 0.038
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investigated in three groups (A, 5100 pg/ml; B, 100–
200 pg/ml; C, 4200 pg/ml). No difference has been found
according to pregnancy rates in E2/oocyte ratio and E2/
follicle ratio sub-groups of the patients on which agonist
protocol has been performed. At the same study, it has
been denoted that E2/follicle ratio has not predicted IVF
outcome. No interpretation has been done at this study
about the association between E2/follicle and E2/oocyte. It
was seen that E2/oocyte and E2/follicle ratio have similar
values (213 pg/ml vs. 194 pg/ml) to each other at this study
at Table I. Also the pregnancy rates of E2/oocyte ratio of
the sub-groups at Table II are compatible with the
pregnancy rates of E2/follicle ratio of the sub-groups at
Table III. In our study, the number of oocyte retrieved and
the number of follicles 414 mm on day of hCG at every
groups are compatible with each others. The pregnancy
rates of E2/follicle ratios and E2/oocyte ratios at every
subgroup were similar and similar statistical difference has
been found at both of them between the groups according
to the pregnancy rates. These findings demonstrated that
there may be a connection between E2/follicle ratios and
E2/oocyte ratios.

The limitations of this study include its retrospective
nature and the small number of patients in the low
E2/oocyte group. In the future, it may be useful to plan
prospective randomised studies with equal number of
patients, to assess the assosation between E2/follicle and
E2/oocyte ratios.

Studies to date have focussed on the effects of a high E2/
oocyte ratio on IVF outcomes. According to the results of
this study, a low E2/oocyte ratio accompanies low IVF
outcomes. Lowest pregnancy rates are obtained when the
E2/oocyte ratio is 5100 pg/ml per oocyte. IVF success may
be increased with a strategy to keeping the E2/oocyte ratio
above 100 pg/ml in IVF cycles.

Declaration of interest: The authors report no conflicts
of interest. The authors alone are responsible for the
content and writing of the paper.
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