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Abstract

Aim: To find a cut-off ratio of estradiol/metaphase II oocyte (E2/M2) ratio and to 
evaluate the correlation with patients’ characteristics, embryo morphokinetics using 
EmbryoScope™ and IVF cycle outcomes.
Material and methods: For this retrospective cohort study, records of all fresh cycles 
that were cultured and scored by EmbryoScope™ were evaluated. The peak E2/M2 ratio 
was calculated on the day of human chorionic gonadotropin (hCG) administration and 
correlated to embryo morphokinetic quality and cycle outcomes. A receiver operating 
characteristics analysis was calculated for the E2/M2 ratio and clinical pregnancy rates.
Results: A total of 2461 oocytes were collected from 319 patients. Receiver operating 
characteristics analysis revealed a cutoff of 204 as a discriminative point to predict 
clinical pregnancy with a sensitivity of 69.5% and specificity of 62.1% (P < 0.001). E2/M2 > 
204 group were older, had higher E2 concentration, fewer M2 oocytes despite elevated 
gonadotrophin doses. E2/M2 ratio ≤ 204 was correlated with higher fertilization rate, 
better embryo quality, higher pregnancy and live birth rates, and more frozen embryos. 
Conclusion: E2/M2 ratio < 204 yielded the best probability to achieve good quality embryos 
with good morphokinetic scores and better pregnancy outcomes and may be used to 
predict IVF cycle outcomes. Advanced maternal age and low ovarian response received 
higher concentrations of gonadotrophins, which resulted in higher E2/M2 ratio. Milder 
stimulation to those patients may improve their cycle outcomes.

Introduction

A goal of in vitro fertilization (IVF) is to stimulate 
the ovary to produce several oocytes while avoiding 
ovarian hyperstimulation syndrome (OHSS) (1). 
Careful evaluation of the patient during treatment is 
crucial for its success. It is well-established that a very 
high estradiol (E2) ratio is associated with poor cycle 
outcomes due to impaired endometrial receptivity (2). 
This might cause long-term pregnancy complications 
due to mal-placentation (3). However, elevated E2/ 
total oocyte ratio is not believed to affect embryo quality 
and development based on donor oocyte treatment 
cycles (2).

Several studies have reported the ideal ratio of peak E2 
concentration to collected oocytes (E2/oocyte) in agonist 
down-regulation protocols vs antagonist cycles (4, 5) and 
reported that the E2/oocyte ratio is an important predictive 
parameter for IVF success. Loumaye et  al. reported the 
highest pregnancy rate in long down-regulation cycles, in 
which the E2/oocyte ratio was 70–140 pg/mL per oocyte 
(4). An increased E2/oocyte ratio correlated with decreased 
implantation and pregnancy rates (6). Orvieto et al. found 
that E2/oocyte ratio ranging from 100 to 200 pg/mL in 
antagonist protocols offers the best likelihood of a positive 
outcome (7).
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In contrast with the above studies that examined the 
ratio of E2 concentration per total number of oocytes 
collected, the current study examined the E2/metaphase 
II (mature oocyte (M2)) ratio on ovulation trigger day. 
We decided to evaluate the ratio between E2 and mature 
oocytes to eliminate the impact of immature oocytes that 
do not contribute to the outcome of the cycle. We evaluated 
embryo morphokinetics in a time-lapse incubator in terms 
of the treatment protocol, basic clinical parameters and 
their effect on IVF cycle outcomes. The outcomes were 
clinical pregnancy rates, live birth rates and miscarriage 
rates. The secondary outcomes included follicular phase 
duration, gonadotropin amounts used, E2 concentrations 
on the day of hCG administration, number of oocytes 
retrieved, number of mature oocytes, fertilization rate, 
number of top-quality embryos and numbers of embryos 
transferred or cryopreserved. 

Materials and methods

Patients

In this retrospective cohort study, records of all patients 
with embryos cultured in a time-lapse incubator during 
the period January 1, 2016 to December 31, 2017 were 
evaluated. Exclusion criteria were non-fresh transfers due 
to endometrial polyps, premature progesterone elevation 
and the use of donor oocytes. 

Treatment protocol

Treatment protocol (agonist or antagonist) and type 
and doses of gonadotropins were prescribed on a case-
by-case basis according to patient characteristics and 
clinician preferences and judgment. The initial dose 
of gonadotropin was individualized for each patient 
according to age, basal FSH concentrations, antral follicle 
count, BMI, and previous response to ovarian stimulation. 
All treatments were conducted as previously described (1, 
8, 9, 10, 11). Patients were allocated to agonist (decapeptyl 
0.1 mg, Ferring) protocol or antagonist (cetrorelix 0.25 
mg, Merck-Serono, Israel). Patients underwent controlled 
ovarian stimulation with one of the following methods: 
(1) recombinant follicle stimulating hormone alone 
(Gonal-F, Merck-Serono, Israel or Puregon, MSD, Israel), 
(2) highly purified human menopausal gonadotropin 
alone (Menopur, Ferring) or (3) a combination of both. 
Estrogen and progesterone concentrations were routinely 
measured at every follow-up visit, including the day of 
hCG (Ovitrelle Merck-Serono) administration. 

Oocyte retrieval, embryo culture and transfer and 
pregnancy determination

Oocyte retrieval was conducted under anesthesia  
proximally 36 h after hCG was administered. The 
fertilized oocytes were placed in the EmbryoScope™ 
(Unisense FertiliTech, Aarhus, Denmark) for up to 
5 days at 37°C, in 5.8% CO2 and 5% O2. Images were 
acquired of each embryo every 10 min in seven focal 
planes, starting from second polar body extraction up to 
120 h after fertilization, to determine the exact timing 
of cell divisions (12). Embryos were scored by Known 
Implantation Data (KID) score and an Alfa ESHRE score, 
as well as the common morphology grade (13, 14) A 
maximum of two embryos were transferred on day 3 
or one on day 5 of embryonic development. Embryo 
quality was also evaluated on the day of transfer, as 
previously described (15). A top-quality embryo was 
described as one with four to five blastomeres on day 2 
or more than six equal-size blastomeres and ≤20% 
fragmentation. 

We calculated the E2/M2 ratio by dividing the total E2 
concentration on the day of hCG triggering by the total 
number of M2 oocytes collected.

For luteal phase support, patients received 300 
mg micronized progesterone (Endometrin®, Ferring) 
in three divided doses, daily. The E2/M2 ratio was 
calculated and used as the main parameter to evaluate 
clinical outcomes.

Pregnancy was assessed with β-hCG test 14 days after 
embryo transfer. A clinical pregnancy was confirmed 
when a gestational sac with fetal heart beat was visible on 
ultrasound examination after 6 weeks of pregnancy.

Data collection

 The following parameters were obtained from patients’ 
files for each cycle: baseline parameters of age, BMI, 
cause of infertility, treatment protocol, basal FSH and LH 
concentrations, basal E2 and progesterone concentrations 
and endometrial thickness at the beginning of the cycle. 
Cycle characteristics included total days of stimulation, 
total amount of gonadotrophins, number of oocytes 
retrieved, number of M2, normal fertilization (2PN), 
number of transferred embryos, number of embryos 
available to freeze, embryo grade and morphokinetic 
scores and morphokinetic parameters by hours from 
fertilization. Cycle outcomes included biochemical 
pregnancy test and clinical pregnancy rates, miscarriage 
rate and live birth rate. 
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Statistical analysis

Statistical analysis was performed using the SPSS software 
package (SPSS Inc.). Comparisons were analyzed using 
Student’s t-test or Mann–Whitney U-test, each when 
appropriate. All data were included and no outliers were 
omitted from the analysis. Proportions were compared 
using Chi-Square test or Fisher exact test. P-values 
less than 0.05 were considered significant. We used a 
multivariate logistic regression analysis model to rule out 
confounders. A receiver operating characteristics (ROC) 
analysis was performed to determine the most efficient 
cut-off values for the E2/M2 oocyte ratio that would 
discriminate between successful and unsuccessful IVF/
ICSI-ET outcomes. 

The STROBE guidelines for retrospective cohort study 
were followed.

Results

A total of 2461 oocytes were collected from 319 patients 
undergoing 449 oocyte retrievals. Table 1 presents the 
demographic and clinical characteristics of the patients. 

E2/M2 cutoff for prediction of pregnancy outcomes

Using ROC analysis, we found that an E2/M2 ratio cutoff 
of 204 can be a good predictor of cycle results. E2/M2 ≤ 204 
can predict clinical pregnancy with a sensitivity of 69.5%, 
while E2/M2 ratio > 204 predicts cycle failure with a 
specificity of 62.1% (P < 0.001).

We divided the cohort into two groups according 
to the E2/M2 cutoff of 204. Women in the group with 
E2/M2 ≤ 204 were younger, received a lower dose of 
gondotropins, had lower peak E2 concentrations, more 
oocytes collected per cycle, more mature oocytes, more 
normal fertilizations per cycle, higher mean ESHRE 
score, more embryos available to freeze and higher 
pregnancy and live birth rates, as compared to the group 
with E2/M2 > 204 (Table 2).

The group with E2/M2 ≤ 204 had more M2 compared 
to the group with E2/M2 > 204 (9.4 ± 5 vs 5.3 ± 3.4; 
P = 0.0001). 

Women in the group with E2/M2 ≤ 204 were 
younger. We evaluated the impact of age on E2/M2 ratio 
using univariate analysis. Younger patients demonstrated 
significantly lower E2/M2 ratios (Fig. 1A). Among women 
younger than 35 years, 49% had E2/M2 ratio ≤ 204, 
while only 35% of women 35–42 years of age had E2/M2 
ratio ≤ 204 and among women older than 43 years, only 
17% had E2/M2 ratio ≤204 (Fig. 1B).

Multivariate analysis to evaluate 
pregnancy outcomes

A multivariate analysis to predict E2/M2 ≤ 204 that 
included female age, total dose of gonadotropins, 
basal FSH concentrations, duration of treatment and 
cause of infertility revealed that only female age was a 
significantly predictive factor, with odds ratio (OR) 0.94, 
95% CI 0.9–1.0; P = 0.046. 

We then divided the E2/M2 ratios into quartiles 
(47–150, 153–205, 207–283, 284 and above) and clinical 
pregnancy rates were calculated for each quartile. The 
first and second quartile E2/M2 ratios had pregnancy 
rates of 42%, while pregnancy rates in the third and 
fourth quartiles were lower at 32% (P = 0.035). E2/M2 
in the first and second quartiles had significantly higher 
chances of achieving pregnancy, as compared to the 
third and fourth quartiles (OR 6.5, 95% CI = 4.6–8.7; 
P < 0.0001 and OR 5.1, 95% CI = 3.6–7.0; P < 0.0001, 
respectively; Fig. 2). 

Table 1 Patient characteristics and cycle outcomes (n = 319).

Characteristic Mean ± s.d.

Age (years) 35.4 ± 5.9 years
BMI (kg/m2) 25.9 ± 5.5
Cause of infertility %
 Anovulation 5
 Male factor 33
 Mechanical factor 12
 Unexplained 39
 Other 11
 Antagonist protocol (%) 71
 Agonist protocol (%) 29
 E2 concentrations on hCG day (pg/L) 1553 ± 970
 P concentrations on hCG day (ng/L) 0.68 ± 0.65
 E2/M2 ratio (pg/L per M2) 273 ± 198
 E2/M2 ratio with agonist protocol  

(pg/L per M2)
275 ± 139

 E2/M2 ratio with antagonist protocol 
(pg/L per M2)

265 ± 158

 Endometrial thickness on hCG  
day (mm)

9.5 ± 2.3

 Stimulation days, mean + s.d. 10.1 ± 2.7
 Oocytes at OPU, mean + s.d. 9.8 ± 6.5
 M2 oocytes at OPU, mean + s.d. 6.9 ± 4.6
 Normal fertilized embryos,  

mean + s.d. 
5.5 ± 3.7

 Biochemical pregnancy 147 (38.1%)
 Clinical pregnancy 144 (37.3%)
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Morphokinetic differences and embryo quality 
relative to E2/M2

The morphokinetics of the embryos relative to E2/M2 
ratio ≤ 204 are shown in Fig. 3. Among oocytes in the 
E2/M2 ≤ 204 group, the second polar body (tPB2) was 
extracted significantly faster than in the E2/M2 > 204 
group. The second meiosis and two pronuclei (tPNa) 
also occurred more quickly in the group of E2/M2 ≤ 204 
group. Afterwards, cell divisions during the cleavage 
stage occurred sooner and were significantly slower at t7 
and t8 among patients with the lower ratio (Fig. 3).

Significantly different embryo quality was observed 
between the two groups. For E2/M2 ≤ 204, better 
embryos were obtained in terms of grading (1.8 ± 0.6 
vs 1.9 ± 0.6; P = 0.005) and ESHRE score (1.6 ± 1.1 vs 
1.4 ± 1.1; P = 0.005; Table 2). Moreover, fewer embryos 
were suitable for freezing when the E2/M2 was > 204 
(3.2 ± 1.9 vs 2.5 ± 1.8; P = 0.007).

Pregnancy outcomes

Both biochemical pregnancy rate (45% vs 34%; P = 0.032) 
and clinical pregnancy rate (45 vs 32; P = 0.013) were 
significantly higher in the group of E2/M2 ≤ 204 compared 
with E2/M2 >204. Miscarriage rate was significantly higher 
in the E2/M2 > 204 group (8.6% vs 5.4%; P = 0.05; Table 2). 

Discussion

Oocyte and embryo quality are important factors 
affecting the success rate of IVF. The effects of E2 on 

Table 2 Cycle characteristics and results based on E2/M2 
ratio cutoff of 204.

Variable
E2/M2 ≤ 204, 

n = 150
E2/M2 > 204, 

n = 234 P-value

Age, years 34.3 ± 6.1 36.6 ± 5.6 0.002
Basal FSH (IU/L) 8.9 ± 3.1 8.7 ± 2.9 NS
Basal LH (IU/L) 5.7 ± 2.3 6.1 ± 2.8 NS
Basal E2 (pg/L) 

(median 25–75%)
45 (30–119) 42 (28–78) NS

Basal Progesterone 
(ng/L)

0.3 (0.1–0.7) 0.3 (0.15–0.6) NS

BMI (kg/m2) 26.2 ± 6.1 25.6 ± 5.3 NS
Endometrial  

thickness (mm)
9.7 ± 2.3 9.6 ± 2.2 NS

Protocol % P = 0.90
 Agonist 38 (28.4%) 66 (29.6%)
 Antagonist 96 (71.6%) 157 (70.4%)
Total days of 

stimulation
10.1 ± 2.6 9.9 ± 2.8 NS

Total gonadotropin 
dose (iu)

2070 ± 1200 2525 ± 1448 0.02

E2 concentration at 
hCG (pg/L)

1270 ± 689 1529 ± 786 0.001

Number oocytes/
cycle

10.8 ± 5.4 7.7 ± 2.8 0.0001

Number M2/cycle 9.4 ± 5.1 5.3 ± 3.4 0.0001
Normal fertilizations/

cycle
6.6 ± 3.7 4.1 ± 2.4 0.0001

Transferred embryos 1.8 ± 0.7 1.8 ± 0.7 NS
Number of embryos 

to freeze 
3.2 ± 1.9 2.5 ± 1.8 0.007

Grade (mean) 1.8 ± 0.6 1.9 ± 0.6 0.005
KID score (mean) 3.3 ± 1.6 3.3 ± 1.6 NS
ESHRE score (mean) 1.6 ± 1.1 1.4 ± 1.1 0.005
KID 4–5 (%) 56.7 56.4 NS
ESHRE 2–3 (%) 53.9 49.2 0.038
Pregnancy outcome/

transfer (%)
 Biochemical 

pregnancy 
45.3 34 0.032

 Clinical 45.3 32.3 0.013
 Miscarriage rate (%) 13/150 = 8.6 36/234 = 15.3 0.05
Live birth rate/

transfer (%)
36.7 18.7 0.0001

Figure 1
Effect of age on E2/M2 ratio. (A) Mean E2/M2 ratio per age group. (B) 
Changes in E2/M2 ratios per age group. Age <35 vs Age 35–42; P = 0.039. 
Age <35 vs Age >43; P < 0.0001. Age 35–42 vs Age >43; P = 0.025.
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the endometrium during the proliferative phase are 
well-recognized (16, 17, 18). In contrast, the role of E2 
concentration during the follicular phase and specifically 
the E2 to M2 ratio is less clear. Our study reports 
significantly lower pregnancy and delivery rates in the 
group of E2/M2 > 204. Advanced age, lower response 
to gonadotropins administered, higher total E2 and 
fewer M2 were observed in the group of patients with 
E2/M2 > 204. In agreement with our results, Sandoval 
reported that elevated peak E2/mature oocyte ratio 
is associated with a lower IVF pregnancy outcome in 
GnRH antagonist ICSI cycles (19). However, they did 
not evaluate embryo morphokinetics and evaluated only 
antagonist cycles in a small cohort of 162 cycles.

Conflicting data are reported regarding the possible 
correlations between peak E2 concentrations to oocyte 

and embryo quality, pregnancy rates and cycle outcomes. 
Sharara et  al. did not find an effect of higher E2 
concentrations on cycle outcomes. However, other studies 
reported that high E2 concentrations are correlated with 
poorer outcomes, including abnormal implantation, 
placentation and pregnancy outcomes (4, 7, 20).

The current study assessed the effect of the E2/M2 
oocyte ratio on IVF treatments rather than the absolute 
E2 concentrations, taking in consideration embryo 
morphokinetic development based on EmbryoScope. We 
found that in the group of E2/M2 ≤ 204, maternal age 
was significantly lower but the difference between the 
group was not clinically significant. The younger patients 
received lower doses of gonadotropins and ended with 
lower E2/M2 ratios, which correlated with better cycle 
outcomes. The group of E2/M2 > 204 were treated with 

Figure 2
Pregnancy rate by quartile of E2/M2 ratios. 
Comparable pregnancy rates between Q1 and Q2. 
*P < 0.001- Q1 vs Q3 and Q4, Q2 vs Q3 and Q4, 
Q3 vs Q4.

Figure 3
Embryo morphokinetics according to E2/M2 ratio. 
Values are cumulative time, in hour.
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higher doses of gonadotrophins, resulting in higher E2 
concentrations but fewer oocytes and mature oocytes. 

The question whether different gonadotrophin doses 
for poor ovarian response will alter the IVF outcome has 
been studied. An open-label multicenter randomized trial 
by Youssef et al. reported similar ongoing pregnancy rates 
with mild ovarian stimulation as a conventional ovarian 
stimulation strategy (21). Furthermore, higher E2/M2 
ratio was demonstrated in the group with advanced 
maternal age. This may be explained by the impaired 
follicular metabolism in the older women. Pacella 
et  al. demonstrated that women with either reduced 
ovarian reserve or advanced maternal age have different 
follicular cell metabolism, follicular fluid metabolites 
and progesterone production. This environment may 
be responsible for impaired oocyte development and 
subsequent embryo development. They reported higher 
E2 and progesterone concentrations in the follicular 
fluids of older patients despite significantly fewer oocytes 
collected in that group. They also found that cumulus 
cells from older women did not display the changes in 
metabolic and steroidogenic activity that were observed 
in young women with normal ovarian reserves, suggesting 
altered or lack of differentiation in response to the LH 
surge (22). In our study, the group of E2/M2 > 204 were 
patients with advanced maternal age and reduced ovarian 
response. They demonstrated altered ovarian response 
with higher E2 and fewer oocytes, which may explain 
the higher E2/M2 ratio found in our study. The higher 
dose of gonadotropins did not overcome these changes 
and might have contributed to the elevated E2 without 
an increase in M2. 

Both Loumaye (4) and Orvieto (7) demonstrated that 
higher E2/total oocyte ratios correlated with negative 
outcomes. Loumaye reported that an E2/oocyte ratio 
of 70–140 pg/mL in long down-regulation protocol 
correlated with a significantly better pregnancy rate 
(4). Orvieto et al. (7) reported that in GnRH antagonist 
protocol, E2/oocyte ratio should reach the 100–200 pg/mL 
range to achieve the best IVF outcomes. Vaughan et al. 
(23) reported clinical pregnancy rates were highest in 
patients with E2/oocyte ratios in the range of 250–750 
pmol/L/oocyte and declined as this ratio increased, 
independent of patient age. They reported OR of 3.4 (95% 
CI 2.67–4.34; P < 0.001) for clinical pregnancy, when the 
E2/oocyte ratio was 250–750 pmol/L/oocyte vs E > 1500 
pmol/L/oocyte. 

Despite the similarities to the above studies, we found 
that maternal age had a significant impact on E2/M2 
ratio. Moreover, in contrast to those reports, our study 

measured E2 to mature oocyte ratio. In our opinion, this 
analysis is more accurate since only M2 oocytes may 
have an impact on fertilization and cycle outcomes. 
Moreover, it is known that immature oocytes contribute 
less E2 to the total circulating concentration of estrogen. 
Therefore, the total E2/oocyte ratio may not be an 
accurate predictor of cycle outcomes. We found that the 
E2/M2 ratio can be used to predict cycle outcomes and 
embryo quality and that a ratio >204 predicted lower 
rates of fertilization, fewer good quality embryos and 
fewer embryos to freeze and more positive pregnancy 
test and clinical pregnancies. In terms of pregnancy 
outcomes, Hu et  al. (24) reported a higher miscarriage 
rate among patients undergoing IVF treatments when 
E2/follicle ratio exceeded 553 pg/mL. They assumed 
this was a result of an unfavorable endometrium. Based 
on our results, we assume that the higher miscarriage 
rate could be due to an unfavorable endometrium but 
also due to lower embryo quality, as significantly lower 
embryo quality was found in the group with higher  
E2/M2 ratio. This is also reflected in that fewer embryos 
were available to freeze in the higher E2/M2 group 
(3.2 ± 1.9 vs 2.5 ± 1.8, respectively; P = 0.007).

Our study showed a significant difference between 
the groups according to E2/M2 ratios in terms of cell-cycle 
division. As shown, when E2/M2 ≤ 204, oocytes completed 
the second meiosis significantly faster. However, those 
oocytes were slower during cell division throughout 
the cleavage stage in t7-t8. There is a consensus among 
researchers that embryo kinetic parameters are predictive 
of the likelihood of achieving pregnancy. Considering 
the higher pregnancy rates and number of good quality 
embryos in the E2/M2 ≤ 204 group, our data support the 
assumption that slower cell division correlates with a 
longer time for cell repair, which results in higher quality 
embryos. Motato et al. timed cell cycles and found that 
the duration of the second and third cell cycles was longer 
in embryos that developed by blastocysts, as compared 
with embryos arresting before blastocyst stage. This may 
indicate that a minimum period of time in these cell 
stages is required for orderly, efficient DNA synthesis as 
part of the cell cycle (25).

Desai et al. found that specific, early cell-cycle kinetics 
were predictive of embryo developmental capacity to 
blastocyst but did not correlate to embryo ploidy. In 
contrast, late kinetic parameters appeared to be associated 
with greater likelihood of euploidy (26). This may explain 
the better pregnancy rate and lower miscarriage rate in 
the group of E2/M2 ≤ 204, in which slower cleavage was 
observed.
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The strength of our study is that to the best our 
knowledge this is the first study to explore the correlation 
between E2/M2 ratios and embryo morphokinetics. We 
evaluated a high number of oocytes and followed the 
patients until delivery. However, the study is limited due 
to its retrospective nature.

In conclusion, our results demonstrated that higher 
E2/M2 ratio correlated with advanced maternal age and 
lower ovarian response, poorer quality embryos and 
ended with reduced IVF outcomes. Lower E2/M2 ratios 
produced higher quality embryos, which developed 
relatively slower and resulted in a better pregnancy rate. 
Whether milder ovarian stimulation may produce lower 
E2 concentration and improve IVF outcomes among 
patients with poor ovarian response by that is still to be 
determined.
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