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Abstract
Purpose The objective of this systematic review and metaanalysis was to examine if the probability of pregnancy after ovarian
stimulation for in vitro fertilization (IVF), using GnRH analogues and gonadotrophins is associated with serum estradiol level
(Ε2) on the day of triggering final oocyte maturation with human chorionic gonadotrophin (hCG).
Methods Twenty-one studies were eligible for this systematic review, including 19,598 IVF cycles, whereas three studies were
eligible for metaanalysis, including 641 IVF cycles. The main outcome measure was achievement of ongoing pregnancy/live
birth and, if not available, clinical pregnancy or biochemical pregnancy.
Results Pooling of data showed no differences in the probability of clinical pregnancy between patients with high and low Ε2

levels on the day of triggering final oocyte maturation. The pooled effect sizes for the Ε2 thresholds groups constructed, regarding
clinical pregnancy were 2000–3000 pg/mL—OR 0.91, 95% CI 0.55 to 1.50, (fair quality/moderate risk of bias, n = 1 study),
3000–4000 pg/mL—OR 0.89, 95% CI 0.46 to 1.70, (fair quality/moderate risk of bias, n = 1 study, good quality/no information
on which to base a judgement about risk of bias n = 2 studies), 4000–5000 pg/mL—OR 0.74, 95% CI 0.37 to 1.49 fair quality/
moderate risk of bias, n = 1 study), 5000–6000 pg/mL—OR 0.62, 95% CI 0.19 to 1.98, (fair quality/moderate risk of bias, n = 1
study). In addition, no difference was observed in the probability of ongoing pregnancy for the Ε2 threshold group of 3000–
4000 pg/mL OR 0.85, 95% CI 0.40 to 1.81(good quality/no information on which to base a judgement about risk of bias, n = 1
study).
Conclusion Currently, there is insufficient evidence to support or deny the presence of an association between the probability of
pregnancy and serum Ε2 levels on the day of triggering final oocyte maturation with hCG in women undergoing ovarian
stimulation for IVF.
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Introduction

Based on the latest European in vitro fertilization (IVF) mon-
itoring (EIM) data, clinical pregnancy rates per aspiration after
IVF or intracytoplasmic sperm injection (ICSI) were 29.9%
and 28.4%, respectively [1]. Thus the majority of these cou-
ples are not going to achieve pregnancy in the fresh cycle. In
order to gain insights into this problem, throughout the years,
research has been carried out regarding the association be-
tween the achievement of pregnancy on the one hand and
patients’ characteristics, embryo quality or ovarian stimulation
variables on the other.

In this respect, it is well known that multifollicular devel-
opment, aiming to ensure the presence of good quality embry-
os [2], leads to higher than normal hormone values of sex
steroids [3]. High serum estradiol (E2) levels at the end of
stimulation are associated with an increased number of oo-
cytes retrieved, and in theory with more embryos of good
quality available for transfer or cryopreservation, potentially
increasing in this way the probability of pregnancy [4].
However, high Ε2 levels might be detrimental for implanta-
tion, adversely affecting endometrial receptivity [5] as well as
oocyte maturation and quality [6], while they are associated
with the occurrence of severe ovarian hyperstimulation syn-
drome (OHSS) [7–9].

Not unexpectedly, the association between serum Ε2 levels
on the day of triggering final oocyte maturation with human
chorionic gonadotrophin (hCG) and the probability of preg-
nancy after IVF has been in the focus of research for many
years with conflicting, however, results [5, 10, 11]. Both a
positive as well as a negative association between serum E2

levels on the day of triggering final oocyte maturation and the
probability of pregnancy have been reported, while some stud-
ies deny the presence of such an association overall.

Themechanism bywhich E2 exerts its potential detrimental
effect on the endometrium is not clear, although interference
of high E2 levels with the synthesis and secretion of glycogen
in the endometrial epithelial cells [12] and/ or induction of
increased uterine contractility [13] have been implicated. In
addition, high serum E2 concentrations have been shown to
induce apoptosis of endometrial glandular cells (EGCs) that
result in impaired endometrial receptivity [14].

On the other hand, sustained supraphysiological serum E2
levels do not seem to adversely affect the quality of developing
oocytes and embryos. This view is supported by studies that
evaluate pregnancy outcome in frozen-thawed embryo transfer
cycles [15, 16] and oocyte donation cycles [17–19]. Embryo
quality does not appear to be associated with high E2 levels,
since similar pregnancy rates were achieved by transferring
excess embryos from different E2 groups in subsequent
frozen-thawed embryo transfer cycles. Similarly, in oocyte do-
nation cycles, high concentrations of estradiol were not associ-
ated with the probability of pregnancy rate in the recipients.

No conclusive data on the association between E2 levels on
the day of triggering final oocyte maturation and pregnancy
achievement were provided by a systematic review published
in 2004 [20], which included nine studies, the data of which
were not synthesized in a metaanalysis. Since the publication
of that systematic review [20], several additional relevant
studies have been published.

The research question asked in the current systematic re-
view and metaanalysis was whether the probability of preg-
nancy, expressed as ongoing pregnancy (≥ 12 weeks of gesta-
tion)/live birth, clinical pregnancy (up to 6–8 weeks of gesta-
tion) or biochemical pregnancy, after ovarian stimulation for
IVF, using gonadotropin-releasing hormone (GnRH) ana-
logues and gonadotrophins is associated with serum Ε2 levels
on the day of triggering final oocyte maturation with hCG.

Methods

A systematic review and metaanalysis was performed, and the
study was registered in the PROSPERO international prospec-
tive register of systematic reviews (42017059445).

Identification of studies

A computerized literature search in MEDLINE, SCOPUS,
Science Direct and EMBASE covering the period until
May 2019 was performed independently by two reviewers.
For this purpose, a search strategy with keywords targeting
the term estradiol combined with the term ‘IVF’ was con-
structed. Various synonyms describing each term were en-
tered as free-text terms in the electronic databases in an at-
tempt to maximize the sensitivity of the search strategy. The
search terms used in all databases were hyperstimulation,
overstimulation, superovulation, high responders,
supraphysiological/high o?stradiol/estradiol/estrogen levels,
pregnancy, reproduction, implantation, live birth rate,
in vi t ro fer t i l i?a t ion, in-vi t ro fer t i l i?a t ion, IVF
(Supplementary Table 1). Additionally, the citation lists of
all relevant publications and review articles were hand-
searched.

Inclusion/exclusion criteria

Both prospective and retrospective studies were eligible for
inclusion, if they evaluated the association between serum Ε2

levels on the day of triggering final oocyte maturation with
hCG and pregnancy achievement in fresh IVF/ICSI cycles.
The predefined criteria for inclusion of a study in this system-
atic review were (a) the study had to evaluate women under-
going fresh IVF/ICSI cycles, (b) the study had to provide
extractable data on pregnancy rates among women classified
as those with high or low serum Ε2 levels on the day of
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triggering final oocyte maturation and (c) ovarian stimulation
should have been performed with the use of gonadotrophins
and GnRH analogues (agonists or antagonists).

Studies were excluded if (a) ovarian stimulation was car-
ried out with the concomitant use of antioestrogens or without
the use of GnRH analogues, (b) pregnancy was achieved after
oocyte donation or after transfer of frozen-thawed embryos
and (c) criteria used for triggering final oocyte maturation
included serum Ε2 levels.

Evaluation of eligibility and data extraction were per-
formed independently by two of the reviewers (G.K.,
E.M.K). Any disagreement was resolved by discussion.

Data extraction

The following data were recorded from the eligible studies,
where feasible, demographic (citation data, country, study pe-
riod, type of study, type of population, inclusion and exclusion
criteria, number of cycles and number of patients included),
methodological (power analysis, E2 threshold and reason for
choosing this threshold, details regarding the assay used to
determine E2 concentration) and procedural, (type of gonado-
trophin used for ovarian stimulation, type of GnRH analogue
and protocol used for LH surge inhibition, the criteria for
timing of administration of hCG, the type of in vitro fertiliza-
tion (IVF/ICSI), day of embryo transfer (ET), the number of
embryos transferred, ET cancellation due to OHSS and type of
luteal support administered).

Main outcome measure

The main outcome measure chosen for the current
metaanalysis was achievement of pregnancy. To calculate this
outcome, data from each study were primarily extracted on
ongoing pregnancy (≥ 12 weeks of gestation)/live birth, and if
not available, this was performed for data on clinical pregnan-
cy (up to 6–8 weeks of gestation) or biochemical pregnancy.

Quality assessment

Quality assessment for the included studies was performed by
using both the Newcastle-Ottawa form for cohort studies and
the Risk Of Bias In Non-randomized Studies of Interventions
(ROBINS-I) assessment tool (version for cohort-type studies)
as all the studies included in this systematic review were co-
hort studies.

Data synthesis

From the eligible studies of the current systematic review, data
synthesis was performed only in studies where (a) no inter-
ventions aiming to prevent OHSS in the presence of high
serum E2 levels were performed, (b) similar numbers of

embryos were transferred between the E2 groups compared
and (c) women offered only one cycle for analysis.

The dichotomous data for each of the eligible studies were
extracted in a 2 × 2 table and expressed as the odds ratio (OR)
with 95% confidence interval (CI). These data were extracted
based on the Ε2 threshold values provided by each study or
dataset. When a study provided data on more than one Ε2

threshold, then all available information was extracted (e.g.
one dataset for 1000 pg/ml and one dataset for 2000 pg/ml).
However, no dataset was included in the same analysis more
than once. Given the known variability in the thresholds
employed in order to classify patients as those with high or
low Ε2 levels [20], pooling of data was performed, where
feasible, for groups of studies/datasets constructed based on
these published Ε2 thresholds, using ranges of 1000 pg/ml.
Thus the following threshold groups were constructed (a) 0–
1000 pg/ml, (b) 1000–2000 pg/ml, (c) 2000–3000 pg/ml, (d)
3000–4000 pg/ml and (e) 4000–5000 pg/ml.

Pooling of data was performed using the inverse var-
iance method [21], in the case of fixed effects model
and the DerSimonian and Laird method [22], in the case
of the random effects model. When the outcome of
interest was of a continuous nature, the differences were
pooled across the studies which provided information on
this outcome, resulting in a weighted mean difference
(WMD) with 95% CI. All results were combined for
metaanalysis with STATA (Version 13.0, College
Station, TX: StataCorp LP).

Study-to-study variation was assessed by using the
chi-square statistic (the hypothesis tested was that the
studies are all drawn from the same population, i.e.
from a population with the same effect size). In addi-
tion, the use of the I2 index was employed in order to
indicate the proportion of inconsistency between studies
that could not be attributed to chance, with I2 ≥ 40%
indicating significant heterogeneity [23]. A fixed effects
model was used where no statistically significant hetero-
geneity was present, whereas in the presence of signif-
icant heterogeneity, as indicated either by the chi-square
statistic or the I2 index, a random effects model was
applied. Statistical significance was set at P < 0.05.
The presence of publication bias was assessed, where
feasible, by constructing and visually examining funnel
plots, as well as by performing Egger’s test [24].

Results

Literature search

The initial electronic search yielded 9573 studies, and after the
removal of duplicates, 9393 studies comprised the initial
dataset. Based on the titles of these studies, 129 publications
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Total reports by initial
electronic search 
(=9573)

Studies to further 
investigate and evaluate
(=132)

Full text-articles 
assessed for eligibility 
(=32)

Excluded studies based on the title 
(=9390)

Duplicates
(=51)

Excluded studies based on the 
abstract 
(=100)

Eligible studies for 
systematic review
(=21)

Studies retrieved from the 
references of electronic search
(=2)

Full-text articles excluded (Table 1)
(=13) 

Eligible studies for 
meta-analysis 
(=3)

Fig. 1 Study selection process

Table 1 Excluded studies from
systematic review based on the
full text

Reasons Studies excluded

Analysis did not take into account the
complete range of E2 levels available

Sharara and McClamrock 1999, Friedler et al. 2005, Bahçeci
et al. 2006, Chen et al. 2007, Yoldemir and Fraser 2009,
Moraloglu et al. 2012

No extractable data Blazar et al. 2004, Papageorgiou et al. 2002

Inclusion of serum E2 levels in the hCG
administration criteria

Mettler et al. 1989, Chenette et al. 1990, Dor et al. 1992,
Gelety and Buyalos 1995, Simon et al. 1995
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were considered relevant for answering the research question
of this systematic review and were further evaluated by read-
ing their abstracts.

Thirty studies were selected for full text evaluation.
Following the screening of full texts (Table 1) and after the
addition of two records retrieved by searching the references
of these studies, 21 publications were eligible for inclusion in
the present systematic review (Fig. 1).

Systematic review

Quality assessment for the included studies that based on the
Newcastle-Ottawa form for cohort studies, evaluated eight
studies for having poor quality, three studies for fair quality
and ten studies for good quality (Table 2).

According to the quality assessment performed by using
ROBINS-I assessment tool, nine studies judged to be at

Table 2 Newcastle-Ottawa Quality Assessment Form for Cohort Studies

Studies Selection Comparabi
lity

Exposur
e

Quality 
Assessment

Gratton et al, 1993 Good quality

Ng et al, 2000 Poor quality

Mahutte et al, 

2002
Good quality

Chen et al, 2003 Poor quality

Ng et al, 2003 Poor quality

Saucedo de la Llata et al, 

2003
Poor quality

Thelmo et al, 2006 Poor quality

Ulug et al, 2006 Poor quality

Wu et al, 2007 Fair quality

Kong et al, 

2009
Good quality

Kyrou et al, 

2009
Good quality

Farhi et al, 2010 Fair quality

Joo et al, 2010 Poor quality

Núñez et al, 2011 Good quality

Kara et al, 

2012
Good quality

Imudia et al, 2013 Good quality

Gursoy et al,  2014 Fair quality

Taskin et al, 2014 Good quality

Zavy et al, 2014 Poor quality

Prasad et al, 2014 Good quality

Foroozanfard et al, 

2015
Good quality

1535J Assist Reprod Genet (2020) 37:1531–1541



serious risk of bias, six at moderate risk of bias, and there was
no clear indication of serious or critical risk of bias, and there
was a lack of information in one or more key domains of bias
at six studies (Supplementary Table 2).

Characteristics of the eligible studies

Sample size

The twenty-one eligible studies (Supplementary Table 3A)
were published between 1993 and May 2019 and included
19,598 cycles, with a sample size ranging from 113 to 5778
cycles (median size 280). Power analysis was not performed
in any of these studies.

Type of studies

With the exception of one prospective study [25], all the re-
maining eligible studies were retrospective.

Inclusion and exclusion criteria

The patient inclusion criteria varied considerably among stud-
ies (Supplementary Table 3A). In nine studies, an unselected
population was analysed [8, 26–33], whereas specific
inclusion/exclusion criteria where used in the remaining stud-
ies (Supplementary Table 3A).

Ovarian stimulation

Regarding the type of GnRH analogue used for the inhibition
of a premature endogenous luteinizing hormone (LH) surge,
which could lead to premature luteinisation, GnRH agonists
were used in 14 studies, while GnRH antagonists were used in
a single study. In five studies, LH suppression was achieved
by using either GnRH agonists or GnRH antagonists, while in
a single study this information was not reported
(Supplementary Table 3A).

In nine studies, ovarian stimulation was performed with the
use of follicle stimulation hormone (FSH) or human meno-
pausal gonadotropin (hMG) or a combination of both. In the
remaining studies, patients were stimulated exclusively with
gonadotrophins (either urinary or recombinant) without LH
activity (FSH; n = 6) or exclusively with gonadotrophins with
LH activity (hMG; n = 4). In two studies, the type of gonado-
trophin used for ovarian stimulation was not reported
(Supplementary Table 3A).

E2 assessment/threshold

The Ε2 assays utilised varied among the eligible studies
(Supplementary Table 3A). This was also true regarding the
Ε2 thresholds used to classify the specific number of patients

into those with high and low Ε2 levels on the day of triggering
of final oocyte maturation (Supplementary Table 4).
Classification of patients into those with high and low Ε2 on
the day of hCG administration was accomplished by a receiv-
er operating characteristic (ROC) analysis in two studies, by
percentile analysis in five studies and by logistic regression in
a single study. In 13 studies, Ε2 thresholds used to classify
patients into those with high and low serum Ε2 levels on the
day of triggering of final oocyte maturation were chosen
arbitrarily.

Criteria for triggering final oocyte maturation type
of fertilization

The criteria for hCG administration varied among studies. The
most commonly used criteria were the presence of ≥ 2–3 fol-
licles with a mean diameter of 17 or 18 mm (Supplementary
Table 3A).

The method of fertilization varied among studies. IVF was
used in four studies, ICSI in six studies, while both IVF/ICSI
were used in the remaining 11 studies (Supplementary
Table 3A).

Luteal phase support

Luteal phase support involved vaginal or intramuscular pro-
gesterone administration at various dosages in 18 studies. In
the remaining three studies, either hCG or progesterone was
administered (Supplementary Table 3A).

Embryo transfer

ET was performed at the cleavage stage (day 2 or day 3) in 14
studies, on day 3 or on day 5 in five studies, on either day 2 or
3 or 5 in a single study, while this information was not report-
ed in a single study (Supplementary Table 3A). In the six
studies in which ET was performed either on day 3 or day 5,
the probability of blastocyst transfer significantly increased in
parallel with the increase in serum Ε2 levels in three studies,
while this data was not provided in three studies
(Supplementary Table 3B).

A significantly higher number of embryos were transferred
in the high Ε2 group compared with the low Ε2 group in seven
studies while the reverse was true in two studies
(Supplementary Table 3B). Moreover, no difference between
Ε2 groups regarding the number of embryos transferred was
present in six studies, while this information was not available
in six studies (Supplementary Table 3B).

ET was cancelled in the presence of high risk of OHSS in
two studies. OHSS patients were also excluded from the anal-
ysis of seven studies (Supplementary Table 3A). ET policy in
the presence of high risk for OHSS was not reported in the
remaining 12 studies.
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Primary outcome measure

Regarding the primary outcome measure, achievement of
pregnancy, it was feasible to extract data on live birth/
delivery from five studies, on ongoing pregnancy from five
studies, on clinical pregnancy from nine studies and on bio-
chemical pregnancy from a single study. The outcome “preg-
nancy” was not defined in a single study (Supplementary
Table 3B).

A positive association between serum Ε2 levels on the
day of triggering of final oocyte maturation and delivery or
live birth achievement after ET was reported in two studies
[8, 34], between serum Ε2 levels on the day of triggering of
final oocyte maturation and ongoing pregnancy in a single
study [27], between serum Ε2 levels on the day of triggering
of final oocyte maturation and clinical pregnancy in four
studies [26, 28, 35, 36] and between serum Ε2 levels on the
day of triggering of final oocyte maturation and biochemi-
cal pregnancy in a single study [32]. A negative association
was reported between serum Ε2 levels on the day of trig-
gering of final oocyte maturation and ongoing pregnancy in
a single study [37]. No significant association was present
between serum Ε2 levels on the day of triggering of final
oocyte maturation and delivery in three studies [29, 30, 38],
between serum Ε2 levels on the day of triggering of final
oocyte maturation and ongoing pregnancy in three studies
[7, 15, 25], between serum Ε2 levels on the day of triggering
of final oocyte maturation and clinical pregnancy in four
studies [31, 33, 39, 40] and between serum Ε2 levels on the
day of triggering of final oocyte maturation and undefined
pregnancy in two studies [19, 41] (Fig. 2).

Secondary outcome measures

A statistically significant positive association between serum
Ε2 levels on the day of triggering of final oocyte maturation
and the occurrence of OHSS was reported in three studies,
while positive but no statistically significant association was
present in a single study (Supplementary Table 3B).

Regarding FSH dosage required for ovarian stimulation,
cumulus-oocyte complexes (COCs) retrieved and number of
embryo transferred, extractable data between Ε2 groups where
only available in a single study, [31]. Comparison of these
characteristics among cycles with high and low serum estra-
diol levels on the day of hCG administration showed signifi-
cantly lower FSH requirement in the group with high serum
Ε2 levels (2284 ± 1043 vs 2916 ± 1824, respectively, p =
0.001) and significantly higher COCs in the group with high
serum estradiol levels (15 ± 5 vs 10 ± 5, respectively, p =
0.001). Similar number of embryos were transferred between
patients with high and low serum Ε2 levels (2.3 ± 0.9 vs 2.2 ±
0.8, respectively, p = 0.60).

Metaanalysis

Excluding studies in which women participated more than
once, those in which significantly different number of embry-
os was transferred between the Ε2 groups compared, as well as
studies in which cycles were cancelled due to high risk of
OHSS; three studies were eligible for metaanalysis, including
in total 641 cycles.

Fig. 2 Studies included in the systematic review evaluating the association between serum E2 levels on the day of triggering final oocyte maturation with
hCG with the achievement of pregnancy
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Ongoing pregnancy per ET was the primary outcome in a
single study, which also offered data for clinical pregnancy,
while clinical pregnancy per ET was the primary outcome in
three studies (Supplementary Table 3B). Therefore, it was
possible to synthesize data regarding primary outcome mea-
sure only for clinical pregnancy.

Association between serum E2 levels and clinical pregnan-
cy achievement in different E2 threshold groups constructed:

& 0–1000 pg/ml E2 threshold and 1000–2000 pg/ml E2

threshold
No studies offered data for the Ε2 thresholds of 0–1000 pg/
ml and 1000–2000 pg/ml.

& 2000–3000 pg/ml E2 threshold

– Primary outcome measure

Clinical pregnancy per ET
No important benefit or harm was detected in the
probability of clinical pregnancy per ET between
women with high and low serum Ε2 levels on the
day of triggering of final oocyte maturation (OR
0.91, 95% CI 0.55–1.50; fixed effects model) in a
single study (n = 274 patients) available for analysis
which evaluated to have fair quality/moderate risk
of bias [41].

& 3000–4000 pg/ml E2 threshold

– Primary outcome measure

Clinical pregnancy per ET
No important benefit or harm was detected in the proba-
bility of clinical pregnancy per ET between women with
high and low serum Ε2 levels on the day of triggering of
final oocyte maturation (OR 0.89, 95% CI 0.46–1.70;
heterogeneity: P = 0.07, I2 = 62.1%; random effects mod-
el) in three studies (n = 641 patients) available for analy-
sis which evaluated to have good quality/ no information
on which to base a judgement about risk of bias [27],
good quality/no information on which to base a judge-
ment about risk of bias [40] and fair quality/moderate risk
of bias [41]. Publication bias was not detected by Egger’s
test (p = 0.998).

Ongoing pregnancy per ET
No important benefit or harm was detected in the proba-
bility of clinical pregnancy per ET between women with
high and low serum Ε2 levels on the day of triggering of
final oocyte maturation (OR 0.85, 95% CI 0.40 to 1.81;

fixed effects model) in a single study (n = 254 patients)
which evaluated to have good quality/no information on
which to base a judgement about risk of bias [27].

& 4000–5000 pg/ml E2 threshold

– Primary outcome measure

Clinical pregnancy per ET
No important benefit or harm was detected in the proba-
bility of clinical pregnancy per ET between women with
high and low serum Ε2 levels on the day of triggering of
final oocyte maturation (OR 0.74, 95% CI 0.37–1.49;
fixed effects model) in a single study (n = 274 patients)
available for analysis which evaluated to have fair
quality/moderate risk of bias [41].

& 5000–6000 pg/ml E2 threshold

– Primary outcome measure

Clinical pregnancy per ET
No important benefit or harm was detected in the proba-
bility of clinical pregnancy per ET between women with
high and low serum Ε2 levels on the day of triggering of
final oocyte maturation (OR 0.62, 95% CI 0.195–1.985;
fixed effects model) in a single study (n = 274 patients)
available for analysis which evaluated to have fair
quality/moderate risk of bias [41].
Overall, no important benefit or harm was detected in the
probability of clinical pregnancy per ET between women
with high and low serum Ε2 levels on the day of trigger-
ing of final oocyte maturation for all the Ε2 thresholds
examined (Fig. 3).

Discussion

The current systematic review and metaanalysis cannot sup-
port the presence of an association between probability of
pregnancy after ovarian stimulation for IVF using GnRH an-
alogues and gonadotrophins and serum Ε2 levels on the day of
triggering final oocyte maturation with hCG. This finding was
present in all Ε2 threshold groups evaluated.

There is only one previous relevant systematic review [20],
which evaluated the association between serum Ε2 levels on
the day of triggering of final oocyte maturation and the prob-
ability of pregnancy in cycles in which a fresh embryo transfer
was performed using patient’s oocytes. In that systematic
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review, nine retrospective studies, performed with GnRH ag-
onists, were included (n = 3508 cycles). The primary outcome
was clinical pregnancy in six studies and pregnancy
(undefined) in three studies; however, no meta-analysis was
possible to be performed. Five of these studies (n = 2018 cy-
cles) did not support the presence of an association between
serum Ε2 levels on the day of triggering of final oocyte mat-
uration and pregnancy achievement. Two studies (n = 191 cy-
cles) suggested that the higher the serum Ε2 levels on the day
of triggering of final oocyte maturation, the higher the preg-
nancy rates achieved, while two studies (n = 1299 cycles) sug-
gested a detrimental role of high serum Ε2 levels on the day of
triggering of final oocyte maturation for pregnancy
achievement.

The studies analysed in the present metaanalysis are retro-
spective, and thus, the presence of bias cannot be excluded.
However, in order to minimize bias, studies with imbalances
in the characteristics of the Ε2 groups compared, such as dif-
ferences in the number of embryos transferred in women with
high and low serum Ε2 levels on the day of triggering of final
oocyte maturation, were excluded. Moreover, studies which
included serum Ε2 levels in the criteria used for triggering of
final oocyte maturation were also excluded, since they may
confound the true association between Ε2 levels and the prob-
ability of pregnancy. Similarly, to avoid bias, studies in which
women participated more than once, as well as studies in
which cycles were cancelled due to high risk of OHSS, were
not considered eligible for meta-analysis.

Interestingly, power calculation was not performed in any
of the studies included in the present systematic review and
metaanalysis. This could have provided information on the
ability of the individual studies to detect the presence or not

of an association between serum Ε2 levels on the day of trig-
gering of final oocyte maturation and pregnancy achievement,
if such an association exists, and could have avoided a type II
error.

Regarding study design, arbitrary thresholds of serum Ε2

levels on the day of triggering of final oocyte maturation have
been used to create groups of patients with high or low Ε2

levels. Not unexpectedly, studies supporting the presence of
a negative association between serum Ε2 levels and pregnancy
achievement failed to converge to a similar threshold level of
Ε2 at which the probability of pregnancy was significantly
decreased. It is not known whether this would have been fea-
sible if an objective method to define these thresholds, such as
the use of receiver operating curve characteristics (ROC) had
been used. Moreover, the heterogeneity present in the inclu-
sion exclusion criteria (Supplementary Table 3A) limits the
external validity of the conclusions drawn.

It has to be noted that the association of serum Ε2

levels and pregnancy outcome, might depend on the ET
policy used. Theoretically, in cases where a single embryo
is transferred, the potential advantage of the high Ε2 re-
garding the selection of a high quality embryo might be
less prominent compared with cases with two or three
embryos transferred. This is because the selection of a
high quality embryo might still be possible in women
with low serum Ε2 levels on the day of triggering final
oocyte maturation and thus with a lower number of oo-
cytes/embryos. However, the potential advantage of high
Ε2 levels might be balanced by the negative association of
Ε2 levels and endometrial receptivity [13, 14, 42, 43].

Alternatively if a negative association exists between se-
rum Ε2 levels the day of triggering final oocyte maturation and

Fig. 3 Pooled ORs for clinical
pregnancy achievement per ET in
women with high serum E2 levels
when compared with womenwith
low serum E2 levels in different
E2 threshold groups
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pregnancy achievement, high serum Ε2 levels, beyond a cer-
tain currently undefined threshold should be avoided and in-
stead these women would benefit from embryo transfer can-
cellation and a freeze all strategy. Moreover besides efficacy,
it should always be kept in mind that high serum Ε2 levels
compromise safety since they have been associated with the
occurrence of severe OHSS [7, 8, 15].

The true association between the Ε2 levels the day of hCG
administration and achievement of pregnancy might depend
on several other factors besides ET policy. However, this
could only be revealed by performing an individual patient
data (IPD) metaanalysis which was not feasible. Such an
IPD metaanalysis of sufficient size would allow the identifi-
cation of variables (specific patient characteristics, type of
stimulation protocol, type of ovarian response, quantity and
quality of available embryos, type of luteal support, criteria for
triggering final oocyte maturation, method of Ε2 assessment,
etc.) that might confound the true association of serum Ε2

levels and pregnancy achievement and allow the calculation
of the independent effect of serum Ε2 levels on the probability
of pregnancy, assisting in the development of a multivariate,
predictive model that could be useful to clinicians after
validation.

By understanding the drawbacks present in the studies
included in the current systematic review, one could de-
scribe the characteristics of a high quality relevant study.
The same gonadotrophin type with an initiating dose de-
fined according to specific criteria should be used. The
FSH dose should be preferably fixed or adjusted accord-
ing to certain follicular development criteria. Criteria for
hCG administration should not include Ε2 levels and
should be strict (administration of hCG as soon as a
predefined criterion for follicular development is
reached). Due to the important role of progesterone on
the day of triggering final oocyte maturation [3], proges-
terone should be assessed in the Ε2 groups created, and its
effect should also be taken into consideration in the anal-
ysis of the probability of pregnancy [44], which was not
the case with the eligible studies in the current review.

All patients should have the same number of embryos
transferred (ideally a single embryo) at the same stage of em-
bryonic development (e.g. blastocyst) to ensure that all Ε2

groups are comparable for pregnancy rates. Luteal phase
should be supported in a similar way for all patients.
Moreover, inclusion criteria should be broad enough to allow
generalizability of the results obtained.

In conclusion, acknowledging the lack of high quality stud-
ies, the current literature does not support an association be-
tween serum Ε2 levels value on the day of triggering of final
oocyte maturation and the achievement of pregnancy in fresh
IVF/ICSI cycles using gonadotrophins and GnRH analogues.
However, the trend for a decrease in pregnancy rates in

parallel with an increase of serum Ε2 levels (Fig. 3) needs to
be further evaluated.
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