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Aims and Objectives: To determine whether raised estradiol (E2) levels administered before progesterone
supplementation in frozen-embryo transfer cycles have an impact on the rates of pregnancy.Materials and
Methods: A retrospective study of 242 patients who had their frozen embryo replacement cycles
conducted at Southend Fertility and IVF Centre between September 2014 and April 2017. In all these
patients, a baseline pelvic scan was carried out and endometrial preparation was carried out as per six
different protocols. After desired endometrial lining was observed, E2 levels were measured prior to
progesterone supplementation, and the impact of raised E2 levels on pregnancy outcomes was evaluated in
six different protocols. Pregnancy outcome was evaluated by measuring serum beta human chorionic
gonadotropin levels 16 days after the embryo transfer. Statistical analysis was performed by using standard
methods and receiver operating characteristic curves plotted to compare the outcomes. Results:Mean age
of the patients in the study group was 34.35±6.12 years, most of the patients were less than 40 years of
age and mean parity was 0.49±0.55. E2 level was measured on day 2 or 3 of cycle, and mean E2 level was
11.83±5.50 pg/ml. Endometrial preparation was performed with injectable or oral hormonal preparations
using six different protocols. Mean peak E2 level was 1263.65 pg/ml in 149 patients with no pregnancy and
1445.01 pg/ml in 93 patients with pregnancy in all protocols. Conclusion: Elevated E2 levels had no
statistically significant impact on pregnancy rates in six different study protocols (oral and injectable) used
for endometrial preparation.
Keywords: Estradiol levels, frozen-embryo transfer cycles, pregnancy, progesterone supplementation
Address for correspondence: Dr Charu Jandial, Pocket F, Flat No 50, Sarita Vihar, New Delhi, India. 
E-mail: jandialcharu1003@gmail.com
Submission: 29–03–2021, Revised: 14–04–2021, Accepted: 9–06–2021, Published: 29–12–2021
INTRODUCTION

Introduction of the embryo cryopreservation technique
has revolutionized the field of assisted reproductive
technology (ART). Trounson and Mohr,[1] in the year
1983, proved that frozen embryos can survive and create
pregnancies. Since then, many patients have utilized this
technology to achieve pregnancy either when fresh
transfer has failed or for subsequent pregnancies
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following successful in vitro fertilization (IVF). Transfer
of frozen embryos has been increasingly used during the
past few decades, as is an integral part of ART in the
present times.[2]

Frozen-embryo transfer (FET) has several advantages and
among them, the similar or even higher pregnancy and
live-birth rate compared to fresh cycles is of great
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importance.[3] In some randomized trials and meta-
analyses, higher pregnancy rate was reported after FET
when compared with fresh cycles.[4-6] The other benefit of
FET is possibility of embryo transfer in a natural,
nonstimulated cycle. It is shown that an artificial cycle
may adversely affect endometrial receptivity leading to
implantation failure.[7-11] FET is also a useful method for
preserving extra good quality embryos in women with
good response to ovarian stimulation, increasing elective
single embryo transfer and avoiding multiple gestation as
well as ovarian hyperstimulation syndrome.[12] The FET is
a procedure used for the transfer of excess embryos
obtained during IVF/intracytoplasmic sperm injection
(ICSI), and it prevents embryo wastage and increases
the probability of pregnancy in a single stimulated
cycle. Pregnancy rates following FET have been found
to be higher than those of freshly prepared embryos, as it
increases the cumulative pregnancy rates and decreases
the cost; it is easy to perform and can be applied in shorter
time duration.[13]

The success of a FET cycle is linked to the
synchronization between endometrial maturation and
embryo development, and this synchronization can be
achieved in a natural modified cycle or after endometrial
preparation with exogenous steroids.[14-16] In artificial
endometrial preparation, estradiol (E2) is started in
early follicular phase (day 2/day 3) to inhibit
spontaneous ovulation.[17] Steroid hormones, secreted
by the ovary, have multiple effects on the
endometrium, resulting in proliferation and
differentiation of the tissue, enhancing receptivity to
embryonic implantation, and shedding in the absence
of pregnancy. In the follicular phase, E2 secreted by
growing follicles stimulates estrogen receptor (ER
expression) and the highest levels observed in glandular
epithelium during the late follicular phase.[18-22] The peak
expression in human endometrium induced by E2 is
observed at the time of ovulation.[23,24]

The E2 is essential for endometrial growth and for
enabling progesterone to act on the tissues. E2 induces
PR expression and promotes cellular proliferation in the
tissue − directly through its cognate receptors, and
indirectly by induction of growth factors that act as
autocrine and/or paracrine modulators.[25]

A receptive endometrium should reach a thickness of at
least 7mm.[26] Once this thickness is achieved, above this
threshold, endometrium can maintain a receptivity for
embryo implantation, upto 40 to 60 days.[27,28] A shorter
duration of endometrial preparation, that is, a proliferative
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phase less than 10 days are related to a higher abortion
rates.[29] Therefore, optimal duration of endometrial
preparation is a prerequisite for the optimal
development of progesterone receptors and subsequent
transformation into a receptive endometrium. Once the
endometrium has reached an adequate thickness, there is a
window of several days in which to perform the embryo
thawing followed by the transfer procedure.[30]

The highest pregnancy rates in ART are obtained in fresh
oocyte donation cycles and in these cycles, the
endometrium is primed artificially and the embryos are
therefore transferred to an environment that had not
suffered the effects of the supraphysiologic hormonal
levels that occur during controlled ovarian
hyperstimulation (COH).[31] Although the oocytes are
of the same quality, some studies of shared oocyte
cycles found significantly higher pregnancy rates in
recipients compared with oocyte donors, and this may
be related to a superior quality of endometrial receptivity.
Endometrial priming in FETs may be achieved with the
use of E2 and progesterone, and the endometrial
development can be controlled more precisely than in
cycles of COH with gonadotropins.[32,33]

The aim of the present study was to study the relationship
between elevated E2 levels before progesterone
supplementation in FET cycles on pregnancy rates.

METHODOLOGY

The present study is a hospital-based retrospective
analysis, conducted at Southend Fertility and IVF
Centre, New Delhi. The aim of the present study is to
study the impact of elevated E2 levels in FET cycles on
pregnancy rates using six different protocols. As it was a
retrospective analysis, no financial and ethical clearance
required. The sample size was 242 patients who
underwent FET of the cryopreserved embryos between
September 2015 and April 2017.

Inclusion criteria

All patients who underwent FET of the cryopreserved
embryos from previous IVF/ICSI cycles were included in
this group. A detailed history and clinical examination
were carried out and recorded on a predesigned proforma
after screening for inclusion criteria. All the patients had
routine investigations (as per proforma). All the patients had
pelvic scan performed at day 2 of the cycle. Transvaginal
scan was carried out and endometrial thickness was noted
along with other parameters. Endometrial preparation
was carried out with injectable/oral hormonal
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preparations using six different protocols. Endometrial
preparation was carried out to increase the uterine
receptivity before embryo transfer [Figure 1 and Table 1].

PROTOCOLS

Protocol 1 (oral hormone replacement)

In oral hormone replacement, E2 valerate was started in
early follicular phase, which is day 2/3 of the cycle
following a step-up protocol. Having given 2mg twice
daily for 3 days, the dose was stepped to 2mg thrice a day
for 4 days. A review scan was performed to check the
endometrial thickness on day 10 of the cycle and dose was
adjusted accordingly. After an endometrial thickness of
7mm was observed oral progesterone hormonal
replacement was initiated.

Protocol 2 (injectable hormone replacement)

In this protocol, injectable E2 valerate 5mg (Progynon;
Zydus Cadila, India) intramuscular was given every third
day till a desired endometrial thickness of 7 to 8mm was
achieved. This was again followed by the initiation of
progesterone supplementation. Large number of patients
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Figure 1: Bar chart showing distribution of patients according to the numbe
for endometrial preparation.

Table 1: Distribution of patients according to the number of patients
for endometrial preparation

Protocol Method of endometrial preparation
1 Oral hormone replacement
2 Injectable hormone replacement
3 Downregulated cycles with oral hormone replacemen
4 Downregulated cycles with injectable hormone replacem
5 Modified natural cycle
6 Ovulation induction
Total

146
were enrolled in this group as we were getting the desired
results.

In patients with abnormal hormonal profile, endometrial
preparation was carried out after pituitary
downregulation. Patients were given oral contraceptive
pills once a day for 15 days starting from day 2 of periods
and subsequently on injection Lupride 0.5mg sc daily
once a day from day 13 of OCP. Downregulation
was ensured if cycle day 2/3 hormone analysis revealed
E2< 60 pg/ml and P4< 1 ng/ml, followed by either oral
or injectable E2 supplementation.

Protocol 3 (downregulated cycles with oral hormone

replacement)

Patients were given oral contraceptive pills once a day for
15 days starting from day 2 of periods and subsequently
on injection Lupride 0.5mg sc daily once a day from day
13 of OCP. E2 valerate was started in early follicular
phase, which is day 2/3 of the cycle following a step-up
protocol. Having given 2mg twice daily for 3 days, the
dose was stepped to 2mg thrice a day for 4 days. A review
scan was performed to check the endometrial thickness
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on day 10 of the cycle and dose was adjusted accordingly.
After an endometrial thickness of 7mmwas observed oral
progesterone hormonal replacement was initiated.

Protocol 4 (downregulated cycles with injectable

hormone replacement)

Patients were given oral contraceptive pills once a day for
15 days starting from day 2 of periods and subsequently
on injection Lupride 0.5mg sc daily once a day from day
13 of OCP. Injectable E2 valerate 5mg (Progynon; Zydus
Cadila) intramuscular was given every third day till a
desired endometrial thickness of 7 to 8mm was
achieved. This was again followed by the initiation of
progesterone supplementation.

Protocol 5 (modified natural cycle)

Patients with ovulatory menstrual cycles and normal
endocrine state were selected for modified natural
cycle. After a day 2/3 check scan for uterus and
ovaries, patient was followed up with repeat check
scan for follicular monitoring and injection human
chorionic gonadotropin (hCG) 10,000 IU was given
intramuscularly. Follicular rupture was again checked
with ultrasound and embryos transferred on day 3/5
accordingly.

Protocol 6 (ovulation induction)

Anovulatory patients were given Letrozole 2.5mg once a
day for 5 days, and a transvaginal sonogram was carried
out on day 10 to measure endometrial thickness. After an
endometrial thickness of more than 7mm was observed
on transvaginal sonogram, E2 levels were measured
prior to progesterone supplementation with tablet
Duphaston 10mg twice daily (Dydrogesterone 10mg;
Abbott) and Susten (natural micronized progesterone;
Sun Pharma) vaginal pessary 400mg twice daily. After the
embryo transfer, luteal support was given with injection
Gestone 100mg/day (Progesterone, 100mg/2ml; Ferring
Pharma), and the impact of elevatedE2 levels onpregnancy
outcomes was evaluated in six different protocols.
Pregnancy outcome was evaluated by using serum Beta
hCG levels, 16 days after embryo transfer.

Statistical analysis

A descriptive analysis was carried out. Categorical
variables were presented in number and percentage and
continuous variables were presented as mean± standard
deviation. Comparison between different protocols was
performed by using Mann–Whitney test and paired t test.
All statistical analyses were performed with SPSS for
Windows ver. 20 (IBM SPSS Statistics for Windows
version 20).
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Mean age of the patients in the study group was
34.35 ± 6.12 years, mean body mass index (BMI) was
25.75 ± 6.00 kg/m2, only 5.3% patients had BMI ≥30
and the rest of the patients had BMI <30.

Estrogen is an ovarian steroidal hormone, which is
essential for the maintenance of pregnancy along with
progesterone. E2 level was measured at day 2 or 3 of the
cycle. Out of 242 patients in this study, maximum number
of patients (205) had E2 levels in the range of 10 to 14 pg/
ml (84.71%) and least in the range of 25 to 29 pg/ml.
Mean E2 level was 11.83 ± 5.50 pg/ml. In the study by
Hild-Petito et al.,[21] mean baseline (day 2 of the cycle) E2
levels in all the three study groups were 42± 12.4,
52 ± 15.5, and 50± 17.9, respectively. These values are
little higher than the baseline E2 level in our study.

Total number of women enrolled in the present work was
242. Maximum patients, 119 (49.17%), were in Protocol 2
(injectable hormone replacement), followed by 85
(35.12%) in Protocol 3 (downregulated cycles with oral
hormone replacement), and the least number of patients 4
(1.65%) were in Protocol 6 (ovulation induction).

The E2 levels were measured prior to progesterone
supplementation and the impact of elevated E2 levels
on pregnancy outcomes was evaluated in six different
protocols. Mean of these elevated levels of E2 was
measured for each protocol and a comparison was
carried out between the patients getting pregnant and
not getting pregnant in each protocol. Area under the
curve was calculated and receiver operating characteristic
(ROC) curves were plotted for each of the protocol. The
results of the present work proved that elevated mean E2
levels had no significant impact on pregnancy rates in six
different study protocols (oral and injectable) used for
endometrial preparation [Figures 2–4].

The findings of a similar study by Fritz et al.[34] showed
that elevated mean E2 values in artificial frozen embryo
replacement cycles had an adverse effect on live-birth/
ongoing pregnancy rates. There is no defined optimum
levels of E2 which is said to be related to optimum IVF-
FET results. Wu et al.[35] evaluated the impact of high
levels of E2 on the outcomes of IVF and concluded that
there is no negative impact of elevated E2 levels on IVF
outcome. The authors also concluded that may be there is
a threshold highest E2 level above which pregnancy and
implantation rates are lower, but this threshold is likely to
be 5000 pg/ml and further randomized studies are
required to define the optimal range of E2 level which
is associated with best IVF-ET outcome.
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Figure 3: Receiver operatingcharacteristic (ROC)curve forProtocol 3.
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RESULTS

Mean age of the patients in the study group was
34.35 ± 6.12 years. Maximum patients (n= 236) were
below 40 years of age (97.53%). Twenty-five (10.34%)
females were able to carry the pregnancy to a viable
gestational age (Parity 1) and rest were nulliparous
(89.66%). Maximum number of patients (n= 205) had
E2 levels in the range of 10 to 14 pmol/l (84.71%) and
least (n= 3) in the range of 25 to 29 pmol/l (1.23%). Mean
E2 level was 11.83 ± 5.50 pg/ml progesterone (P4) levels
were measured at day 2 or 3 of the cycle. Maximum
number of patients (n= 236) had progesterone levels less
than 1 nmol/l (97.52%) and six patients had baseline
progesterone levels in the range of 1 to 3 nmol/l (2.48%).
Mean progesterone level measured was 0.42 ± 0.52 nmol/
l. The number of embryos transferred in the cycles varied
from 1 to 4. Maximum number of embryos transferred
was 3 in 133 patients (54.95%). In 87 patients (35.95%), 2
embryos were transferred, in 14 patients (5.78%), one
embryo was transferred. Mean number of embryos
transferred was 2.55 ± 0.26.

Maximum number of patients, 119 (49.17%), were in
Protocol 2 (injectable hormone replacement), followed
by 85 (35.12%) in Protocol 3 (downregulated cycles with
oral hormone replacement), and the least number of
patients 4 (1.65%) were in Protocol 6 (ovulation
induction) [Tables 2 and 3].
Figure 2: Receiver operating characteristic (ROC) curves for Protocols

148
DISCUSSION

This single-center retrospective analysis did not detect a
correlation between the serum E2 level prior to the
1 and 2.
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Figure 4: Receiver operating characteristic (ROC) curves for Protocols 5 and 6.

Table 2: Pregnancy rates in different protocols

Protocol Pregnancy N Minimum Maximum Mean E2 levels Std. deviation Median Std. error of mean
Protocol 1 No pregnancy 8 71 3798 1353.12 1344.44 760.5 475.331

Pregnancy 3 444 931 767 279.737 926 161.506
Total 11 71 3798 1193.27 1164.417 864 351.085

Protocol 2 No pregnancy 69 101 4769 1394.37 852.555 1246 102.636
Pregnancy 50 2 4036 1543.1 869.046 1321 122.902

Total 119 2 4769 1456.86 859.02 1306 78.746
Protocol 3 No pregnancy 50 417 3200 1328.12 589.898 1227 83.424

Pregnancy 35 308 3210 1520.57 699.45 1314 118.229
Total 85 308 3210 1407.36 640.381 1310 69.459

Protocol 4 No pregnancy 13 36 1856 832.62 575.068 697 159.495
Total 13 36 1856 832.62 575.068 697 159.495

Protocol 5 No pregnancy 7 194 1314 415 399.291 253 150.918
Pregnancy 3 282 449 349 88.255 316 50.954

Total 10 194 1314 395.2 330.207 288 104.42
Protocol 6 No pregnancy 2 130 982 556 602.455 556 426

Pregnancy 2 113 550 331.5 309.006 331.5 218.5
Total 4 113 982 443.75 411.84 340 205.92

Total No pregnancy 149 36 4769 1263.65 798.337 1130 65.402
Pregnancy 93 2 4036 1445.01 821.265 1261 85.161

Total 242 2 4769 1333.35 810.363 1200 52.092

E2, estradiol.

Jandial, et al.: Impact of elevated estradiol levels in FET cycles
induction of the luteal phase and the subsequent live birth
rates (LBR) in artificial FETcycles. Its conclusion is in line
with the majority of formerly published work. Fritz
et al.[34] included multiple artificial preparation
protocols, adjusted the E2 supplementation dose in
function of proliferative-phase serum E2 level
measurements, and performed hormone analysis twice
a week to calculate mean and peak values instead of
focusing on one value at the time of luteal-phase
Fertility Science and Research | Vol 8 | Issue 2 | Month 2021
induction. High serum E2 values have indeed been
associated with poorer outcome by others as well.

The data showed once more that the natural cycle is
adequately suppressed by early administered E2
supplementation and that, if serum P is used to detect
escape ovulation, there seems to be no need for GnRH
agonist cotreatment. In conclusion, no association
between the mid-cycle serum E2 values and the
149



Table 3: Pregnancy and mean estradiol (E2) levels

Protocol Pregnancy N Mean E2 levels
Protocol 1 No pregnancy 8 1353.12

Pregnancy 3 767
Total 11 1193.27

Protocol 2 No pregnancy 69 1394.37
Pregnancy 50 1543.1

Total 119 1456.86
Protocol 3 No pregnancy 50 1328.12

Pregnancy 35 1520.57
Total 85 1407.36

Protocol 4 No pregnancy 13 832.62
Total 13 832.62

Protocol 5 No pregnancy 7 415
Pregnancy 3 349

Total 10 395.2
Protocol 6 No pregnancy 2 556

Pregnancy 2 331.5
Total 4

No pregnancy 149 1263.65
Total Pregnancy 93 1445.01

Total 242 1333.35

Jandial, et al.: Impact of elevated estradiol levels in FET cycles
subsequent LBR in artificial FET cycles was found.
Therefore, the routine monitoring and use of these
measurements to guide clinical decisions (e.g.,
medication step-up, cycle prolongation, or cancellation)
are of questionable value.

The primary aim of this study was to evaluate the impact
of elevated E2 levels in FET cycles on pregnancy rates
using six different protocols, used for ovarian stimulation.
This study is another step in the ongoing research in the
field of ART. E2 levels were measured prior to
progesterone supplementation and the impact of
elevated E2 levels on pregnancy outcomes was
evaluated in six different protocols. Mean of these
elevated levels of E2 was measured for each protocol
and a comparison was carried out between the patients
getting pregnant and not getting pregnant in each
protocol. Area under the curve was calculated and
ROC curves were plotted for each of the protocol.
The results of the present study prove that elevated E2
levels had no statistically significant impact on pregnancy
rates in six different study protocols (oral and injectable)
used for endometrial preparation.

The results of a similar study by Fritz et al.[34] showed that
elevated average E2 levels in artificial autologous FET
were adversely associated with live-birth /ongoing
pregnancy rates.

There is no defined optimum range of E2 level which is
associated with best IVF-FET results. Wu et al. evaluated
the impact of high E2 levels on the outcomes of IVF and
concluded that there is no adverse effect of elevated E2
150
levels on IVF outcome. The authors also concluded that
may be there is a threshold peak E2 level above which
pregnancy and implantation rates are decreased, but this
threshold is likely to be 5000 pg/ml and further
randomized studies are needed to define the optimum
E2 range associated with best IVF-ET outcome.

In another recent study by Cerillo et al.,[36] impact of
endometrial preparation protocols for FET on live-birth
rates was analyzed. This was a prospective study, in which
530 patients (570 FET cycles) were randomly allocated to
two study groups: Group 1 (n= 280 cycles), artificial cycle
hormone replacement therapy (HRT); or group 2 (n= 290
cycles), natural cycle. Natural cycles were later divided into
two groups: 169 patients scheduled with hCG and 121
with endogenous luteinizing hormone surge. This study
suggests that endometrial preparation carried out in either
group by the above-mentioned protocols resulted in similar
implantation rates, clinical and ongoing pregnancy rates,
and live-birth rates.

SUMMARY AND CONCLUSION

In light of current literature, there is no defined optimum
range of E2 level which is associated with best IVF-FET
results andon thebasis of the results in the present study,we
conclude that elevated E2 levels had no statistically
significant impact on pregnancy rates in six different
study protocols, using different routes of hormonal
administration (oral and injectable) used for endometrial
preparation.

As per our knowledge and after search in the PubMed, the
present study is the first of its kind wherein we compared
the impact of elevatedE2 levels in FETcycles on pregnancy
rates and the endometrial preparation was carried out by
six different protocols using different routes of hormonal
administration, whether injectable or oral.
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