
ASSISTED REPRODUCTION TECHNOLOGIES

Detection of early placental hormone production in embryo transfer
cycles lacking a corpus luteum

Robert Setton1
& Kelly McCarter2 & Lilli D. Zimmerman1

& Zev Rosenwaks1 & Steven D. Spandorfer1

Received: 27 July 2020 /Accepted: 25 December 2020
# The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
Purpose This study sought to identify the initiation of placental hormonal production as defined by the production of endogenous
estradiol (E2) and progesterone (P4) in a cohort of patients undergoing programmed endometrial preparation cycles with single
embryo transfers resulting in live-born singletons.
Methods In this retrospective cohort study, patients undergoing either programmed frozen-thawed embryo transfer (FET) with
autologous oocytes or donor egg recipient (DER) cycles with fresh embryos were screened for inclusion. Only patients who
underwent a single embryo transfer, had a single gestational sac, and a resultant live-born singleton were included. All patients
were treated with E2 patches and intramuscular progesterone injections. Main outcome measures were serial E2 and P4, with
median values calculated for cycle days 28 (baseline), or 4w0d gestational age (GA), through 60, or 8w4dGA. The baseline cycle
day (CD) 28 median value was compared to each daily median cycle day value using the Wilcoxon signed rank test.
Results A total of 696 patients, 569 using autologous oocytes in programmed FET cycles and 127 using fresh donor oocytes,
from 4/2013 to 4/2019 met inclusion criteria. Serum E2 and P4 levels stayed consistent initially and then began to increase daily.
Compared to baseline CD 28 E2 (415 pg/mL), the serum E2 was significantly elevated at 542 pg/mL (P < 0.001) beginning on
CD 36 (5w1d GA). With respect to baseline CD 28 P4 (28.1 ng/mL), beginning on CD 48 (6w6d GA), the serum P4 was
significantly elevated at 31.6 ng/mL (P < 0.001).
Conclusion These results demonstrate that endogenous placental estradiol and progesterone production may occur by CD 36 and
CD 48, respectively, earlier than traditionally thought.
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Introduction

Adequate endogenous steroid hormone production, specifical-
ly estradiol (E2) and progesterone (P), is essential to sustain an
early pregnancy [1]. The corpus luteum serves as the primary

source of E2 and P during the first trimester of pregnancy, and
its survival is generally prolonged by increasing levels of hu-
man chorionic gonadotropin (hCG) secreted by the implanted
blastocyst [1]. Later during the first trimester, the placenta
becomes the primary source of E2 and P production [2, 3].
This phenomenon is known as the “luteo-placental shift” and
occurs gradually during the first trimester of pregnancy [4].
However, the precise timing of early placental steroidogenesis
still remains poorly understood.

Identifying the precise timing of the luteo-placental shift is
particularly important for pregnancies conceived via in vitro
fertilization (IVF) [1, 2]. Most studies indicate that the luteal
phase of IVF cycles is associated with abnormally low P
levels compared to normal menstrual cycles, therefore neces-
sitating routine luteal phase support [2, 3]. Although P sup-
plementation during the luteal phase of IVF cycles is almost
globally agreed upon, there is no consensus regarding its
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optimal duration [5, 6]. The optimal duration of luteal support
in programmed frozen-thawed embryo transfer (FET) cycles
or donor egg recipients (DER) cycles where the corpus luteum
is absent is even more elusive.

Navot et al. [7] were among the first to recognize that
patients with ovarian failure who conceived via IVF using
donor oocytes provided a unique in vivo population to study
placental steroidogenesis. As these patients are provided ex-
ogenous hormonal support at fixed doses and lack hormonal
contribution from the corpus luteum, the investigators postu-
lated that serum E2 and P levels would remain fairly constant
until the initiation of placental steroidogenesis. Once placental
production of E2 and P began, serum levels of these hormones
would rise above basal levels.

Based on this background, the primary objective of this
study is to identify the initiation of early placental steroido-
genesis using pregnancies conceived via ART without a cor-
pus luteum at our center, namely, with donor egg recipients
and patients undergoing programmed frozen-thawed embryo
transfer using autologous oocytes.

Materials and methods

Cycle inclusion criteria

The institutional review board at Weill Cornell Medical
College approved our study protocol. For this retrospective
cohort study, we sought to identify all patients who underwent
either fresh or frozen embryo transfer without a corpus
luteum. All patients initiating IVF cycles with anonymous
donor oocytes or initiating programmed FET cycles at the
Ronald O. Perelman and Claudia Cohen Center for
Reproductive Medicine between April 2013 and April 2019
resulting in live births after embryo transfer (ET) were ana-
lyzed for potential inclusion. Only patients who underwent a
single embryo transfer, had a single gestational sac, and a
resultant live-born singleton were included. Cycles not
resulting in live births, cycles with multiple gestational sacs,
and cycles canceled prior to ET or with incomplete records
were excluded. Cycles utilizing surgically retrieved sperm or
donor sperm were also excluded.

Clinical and laboratory protocols

Ovarian stimulation, human chorionic gonadotropin (hCG)
trigger, oocyte retrieval, embryo culture, and embryo transfer
(ET) were performed per our standard protocols [8].
Anonymous oocyte donors were started on oral contraceptive
pills (Ortho-Novum, Janssen Pharmaceuticals, Beerse,
Belgium) for pretreatment follicular synchronization.
Ovarian stimulation was carried out to maximize follicular
response whi le min imiz ing the r i sk of ovar ian

hyperstimulation syndrome (OHSS). The initial gonadotropin
dose was based on age, weight, antral follicle count, and pre-
vious response to stimulation, if any. Oocyte donors were
stimulated with gonadotropins (Follistim, Merck,
Kenilworth, NJ, USA; Gonal-F, EMD-Serono, Geneva,
Switzerland; and/or Menopur, Ferring Pharmaceuticals Inc.,
Parsippany, NJ, USA), with ovulation being suppressed with
once daily 0.25-mg Ganirelix Acetate (Merck, Kenilworth,
NJ, USA) or Cetrotide (EMD-Serono, Geneva, Switzerland)
injections based on a previously described flexible protocol
[8].

hCG was used as the ovulation trigger in the majority of
cycles in the two earliest years of the study, and a dual trigger
with hCG and GnRH agonist was used routinely thereafter.
hCG was administered according to a sliding scale (10,000 IU
for E2 < 1500 pg/mL, 5000 IU for E2 1501–2500 pg/mL,
4000 IU for E2 2501–3000 pg/mL, and 3300 IU for E2 >
3001 pg/mL) [8]. Generally, the trigger was given when the
two lead follicles attained a mean diameter > 17 mm. Oocyte
retrieval was performed with transvaginal ultrasound guid-
ance under conscious sedation approximately 35–36 h after
hCG administration. All retrieved oocytes were exposed to
40 IU recombinant hyaluronidase (Cumulase, Halozyme
Therapeutics Inc., San Diego, CA, USA) to remove the
cumulus-corona complex [9, 10].

Our center routinely performs intracytoplasmic sperm in-
jection (ICSI) for all patients undergoing IVF with donor oo-
cytes. Sperm injection was carried out based on previously
described protocols [9, 10]. The spermatozoon selected for
injection was based on head morphology, midpiece and fla-
gellar shape, and dynamic characteristics such as swimming
patterns and progression [9, 10]. Oocytes were examined 12–
17 h after ICSI for the presence of two distinct pronuclei (PN)
and two clear polar bodies. All embryos were cultured using
in-house culture media.

All donor oocyte recipients and patients using autologous
oocytes who are ovulatory were downregulated with
leuprolide acetate in the preceding luteal phase, and patients
using autologous oocytes who were anovulatory were not
downregulated. The endometrium was synchronized with es-
tradiol patches 0.1 mg (Vivelle-Dot, Novartis International
AG, Basel, Switzerland) changed every other day with num-
ber of patches up-titrated as needed. Patients who are down-
regulated with GnRH agonist have ultrasonography per-
formed at baseline prior to estrogen start to ensure a thin en-
dometrial lining and the absence of follicles and then again
prior to progesterone start to ensure the endometrium is
>7mm and has a trilaminar appearance and there are no grow-
ing follicles. Patients who do not undergo downregulation
have an additional ultrasound performed 1 week after estrogen
start to ensure there is no dominant follicle emerging.
Intramuscular progesterone (50 mg/mL) was initiated with a
half dose (25 mg or 0.5 mL) followed by a full dose (1.0 mL)
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thereafter. The day of progesterone start defaulted to cycle day
(CD) 14. Vaginal progesterone is not used in patients at our
center unless there is a contraindication to continued intramus-
cular use (e.g., allergic reaction or injection site infection), and
only patients that used intramuscular progesterone were in-
cluded. Donor egg recipients underwent fresh embryo transfer
of a single embryo, predominantly with blastocysts on day 5
(CD 19) but occasionally with cleavage stage embryos on day
3 (CD 17). Patients using frozen-thawed autologous embryos
underwent ET on the 7th day of progesterone administration.
Endometrial preparation for programmed FETs with autolo-
gous embryos is identical to the preparation protocol de-
scribed here for donor cycles.

All ETs that were performed were performed with Wallace
catheters (Smiths Medical Inc., Norwell, MA, USA) at ap-
proximately 1 cm less than the uterine depth identified at prior
trial transfer. Luteal support consisted of intramuscular pro-
gesterone (50 mg daily) and 2 estradiol patches changed every
other day. Titration of estrogen patches and progesterone
doses were made based onmeasured serum levels with adjust-
ments of doses as deemed necessary starting at the 9th week of
gestation and continued until 10–12 weeks of gestation.

Hormone measurements

Measurements of serum E2, P, and bhCG were performed
daily in our center’s laboratory using the IMMULITE 2000
Immunoassay System (Siemens, Berlin, Germany). Analyzers
in our laboratory undergo daily quality control monitored by
the New York State Department of Health, and clinical vali-
dation between machines is performed every 6 months. The
sensitivity of the E2, P, and bhCG assay is 20 pg/mL, 0.2 ng/
mL, and 0.4 mIU/mL, respectively. All intra- and inter-assay
variation coefficients are < 10. All samples with E2 levels
greater than 1200 pg/mL are diluted before repeating the assay
to obtain results within the range of maximum accuracy.

Study variables

Demographic and baseline characteristics recorded for all re-
cipients included age, BMI (kg/m2), gravidity, parity, and day
of embryo transfer. CD 14, 17, 19, and 28 represented the day
of oocyte retrieval, day-3 ET, day-5 ET, and pregnancy test,
respectively. Once a positive pregnancy test was noted on CD
28 (baseline at 4 weeks gestational age), serum E2, P, and
bhCG levels were obtained regularly until CD 60. Serum
levels were obtained more frequently in early pregnancy, of-
ten between 2 and 4 days apart until normal trends were de-
termine and then spaced out to weekly. The primary outcomes
for this study were serum E2 and P levels. Median serum E2

and P levels for each day were compared to the median serum
E2 and P levels on CD 28 (baseline). All clinical pregnancies
were confirmed using transvaginal ultrasonography, noting

the number of gestational sacs and fetuses with cardiac activ-
ity. Any viable birth after 24 weeks of gestation was consid-
ered a live birth.

Statistical analysis

Continuous variables were checked for normality and
expressed as mean ± standard deviation (SD). Categorical
variables were expressed as number of cases (n) and percent-
age of occurrence (%). Non-parametric data were expressed as
median (interquartile range [IQR]). TheWilcoxon signed rank
test was utilized to compare median serum E2 and P levels on
each cycle day after a positive pregnancy test to baseline se-
rum E2 and P levels on CD 28. Statistical significance was set
at P < 0.05. Statistical analyses were performed using STATA
version 13 (College Station, TX: StataCorp LP).

Results

A total of 696 patients, 569 using autologous oocytes in pro-
grammed FET cycles and 127 using donor oocytes, who had a
single embryo transfer with a resultant single sac and singleton
livebirth met inclusion criteria. Themajority of embryos trans-
ferred were blastocysts (566/569 of autologous embryos in
programmed FET and 112/127 in donor cycles).

For patients who received donor oocytes, the mean age of
recipients was 42.5 years old and median BMI was 23.5 kg/
m2. For patients who used autologous oocytes, the mean age
was 37.2 years old and the median BMI was 21.9 kg/m2.
Table 1 summarizes the baseline characteristics of the DER
and programmed FET patients.

Table 2 summarizes the serum E2 and P levels by CD in all
patients with singleton births with a single gestational sac. The
serum E2 level (542 pg/mL) on CD 36 (5w1d GA) was the
first E2 level to be found significantly higher (P < 0.001) than
the baseline serum E2 level (415 pg/mL) on CD 28. All serum
E2 levels after CD 36 were found to be higher than the base-
line level. Similarly, compared to the baseline P level
(28.1 ng/mL) on CD 28, the serum P level (31.6 ng/mL) on
CD 48 (6w6d GA) was found to be significantly higher (P =
0.02) and remained significantly higher on most subsequent
cycle days. Figures 1 and 2 show the rise of serum E2 and P
levels, respectively, for all singleton births. As evident in the
figures, an increase in serum E and P levels was noted as the
pregnancy progressed, with arrows indicating significant
changes in serum E2 and P levels compared to CD 28 levels.

Comment

Our findings, based on a model of pregnancies that lack a
corpus luteum, suggest that placental steroidogenesis can
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occur as early as 5 weeks of gestation, with placental E2 and P
production occurring by CD 36 (5w1d GA) and CD 48 (6w6d
GA), respectively. Although these cycle days indicate a

statistical change in serum E2 and P levels compared to base-
line levels on CD 28, the upward trend in serum E2 and P
levels prior to CD 36 and CD 48 suggests that the

Table 1 Baseline characteristics
of who underwent single embryo
transfer using donor egg and
autologous oocytes

DER Group (n = 127) PFET Group (n = 569)

Age (years) 42.5 ± 4.3 37.2 ± 5.1

BMI (kg/m2) 23.5 (21.4–26.4) 21.9 (19.9–25.0)

Gravidity 1.47 ± 2.2 1.61 ± 1.5

Parity 0.32 ± 0.5 0.53 ± 0.7

Blastocyst transfer rate (%) 112 (88.9%) 566 (99.5%)

Data are presented as mean ± standard deviation, median (interquartile range), and n (%)

Table 2 Median serum estradiol
(pg/mL) and progesterone (ng/
mL) levels in patients with
singleton births

Cycle day Estradiol (pg/mL) P Progesterone (ng/mL) P

28 (GA: 4 weeks) 415 – 28.125 –

29 347 0.09 26.4 0.007*

30 482.5 < 0.001* 28.7 0.53

31 400 0.32 26.7 0.25

32 464.5 0.17 27.1 0.07

33 450 0.46 27.71 0.02*

34 501 0.001* 28 0.42

35 (GA: 5 weeks) 427 0.93 27.2 0.27

36 542 < 0.001* 28.25 0.08

37 490.5 0.009* 28.2 0.41

38 545 < 0.001* 27.95 0.16

39 544.35 < 0.001* 28.1 0.45

40 592.5 < 0.001* 29 0.74

41 557 < 0.001* 29.2 0.90

42 (GA: 6 weeks) 634 < 0.001* 28.9 0.88

43 677 < 0.001* 30.05 0.33

44 715 < 0.001* 30.1 0.30

45 703 < 0.001* 28.4 0.90

46 776 < 0.001* 27.1 0.11

47 774 < 0.001* 30.55 0.74

48 770 < 0.001* 31.6 0.02*

49 (GA: 7 weeks) 776 < 0.001* 32.15 0.03*

50 921 < 0.001* 30.8 0.13

51 883 < 0.001* 32.6 0.07

52 1007 < 0.001* 30.85 0.04*

53 948 < 0.001* 29.25 0.04*

54 973 < 0.001* 31 0.26

55 914 < 0.001* 31.45 0.002*

56 (GA: 8 weeks) 1113 < 0.001* 34.05 < 0.001*

57 1110 < 0.001* 31.35 0.05*

58 1165 < 0.001* 33.37 0.004*

59 1120 < 0.001* 32.1 0.003*

60 1212 < 0.001* 31.5 0.009*

Data are presented as medians

GA gestational weeks
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steroidogenic activity of the placenta is ongoing throughout
the prior cycle days as well.

In the normal menstrual cycle, the luteal phase begins with
the luteinizing hormone (LH) surge, and lasts between 12 and
16 days with an average of 14 days [1, 2]. During the luteal
phase, LH induces biochemical changes in the corpus luteum
resulting in granulosa cell production of E2 and P [2]. These
hormones, specifically P, increase the thickness and vascular-
ity of the endometrial lining in anticipation of implantation

[11, 12]. In the absence of implantation, luteolysis occurs,
followed by menses. However, once implantation occurs,
the trophoblastic tissue produces hCG, which stimulates the
corpus luteum to further produce E2 and P [2, 12]. Thus, the
corpus luteummaintains an early pregnancy until the placenta
can maintain adequate E2 and P production at approximately
7–8 weeks of gestation, i.e., the luteo-placental shift [2, 3].

Csapo first proposed the timing of the luteo-placental shift
based on his landmark luteectomy studies [13, 14]. He

Fig. 1 Median serum Estradiol levels in relation to cycle day

Fig. 2 Median serum Progesterone levels in relation to cycle day
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demonstrated that excision of the corpus luteum after 8 weeks
of gestation would still result in a normal pregnancy, suggest-
ing that placental steroidogenesis occurred before the 8th
week of gestation. In contrast, luteectomy before 7 weeks of
gestation resulted in an abrupt decrease in serum P levels,
ultimately leading to miscarriage. However, supplementation
with P in these patients salvaged those pregnancies.

One direct implication of Csapo’s findings is within the
realm of luteal phase support for pregnancies conceived via
IVF. Even the earliest reports of IVF success noted an abnor-
mal luteal phase following ovarian stimulation [15].
Subsequent studies have confirmed the findings of luteal phase
dysfunction in stimulated IVF cycles [16–18]. Several theories
have been proposed to explain these findings, namely, hCG-
induced LH suppression, granulosa cell removal during oocyte
retrieval, and GnRH agonist-induced pituitary suppression [2,
3]. Therefore, adequate luteal phase support is essential during
IVF cycles. This is frequently achieved with progesterone sup-
plementation, and sometimes with or without hCG, GnRH
agonist, or estrogen [3]. The ideal duration of luteal phase
support remains a subject of debate, but is generally continued
until 8 weeks of gestation or beyond based on Csapo’s studies.

The measurement of serial E2 and P levels in a donor
oocyte-recipient model has been used previously to identify
early placental steroidogenesis. In one of the earliest studies
consisting of 8 patients with ovarian failure, Navot et al. [7]
achieved 2 successful pregnancies during which a significant
rise in E2 and P levels occurred during the 11th and 12th week
of gestation, respectively. Treatment with exogenous estrogen
was continued up to the 11th week of gestation, while treat-
ment with progesterone was continued to 18–22 weeks of
gestation. In a similar study consisting of 17 patients with
primary ovarian failure, Devroey et al. [19] reported 9 live
births, including one set of twins. Based on serial measure-
ments of E2 and P levels, Devroey et al. suggested that the
luteo-placental shift occurred before the 7th week of gestation
in singletons, and as early as 5 weeks of gestation in twin
pregnancies. In Scott et al.’s [20] study of nine patients with
ovarian failure who conceived with donor oocytes, the E2 and
P levels were significantly increased during the 6th and 7th
week of gestation, respectively, with secretion for both possi-
bly beginning during the 5th week of gestation. Finally, in a
small study of 4 patients with ovarian failure undergoing IVF
with donor oocytes, Schneider et al. [21] suggested that the
feto-placental unit was competent at 10–12 weeks of gesta-
tion. The results of these studies are different due to their small
sample sizes. Yet, they established the biological feasibility of
simulating the hormonal milieu of early pregnancy with ex-
ogenous hormonal supplementation.

Compared to the small sample sizes of the aforementioned
studies, the large cohort of the current study is one of its major
strengths. By limiting the inclusion criteria to only live births,
our analysis possibly identifies early placental steroidogenesis

and the luteo-placental shift more accurately compared to ear-
lier studies. By analyzing the rise of E2 and P levels in single-
ton births from a single embryo transfer with a single observed
gestational sac, we are also able to account for variations in
placental steroidogenesis based on placental mass.

More recently, Neumann et al. [22] elegantly described
progesterone elevation patterns in 88 early pregnancies sup-
ported by dydrogesterone, which does not cross-react with
progesterone assays. That study found substantial increases
in progesterone to occur at the 7th week gestation, similar to
this study.

Limitations

Luteal phase support can be achieved with various regimens
and different routes of administration [2, 3]; therefore, we re-
main uncertain whether the rise in E2 and P levels and subse-
quent placental steroidogenesis noted in this study would re-
main the same with other forms of luteal support. Furthermore,
since in this study model there is exogenous hormone supple-
mentation, the precise detection of the initiation of steroido-
genesis from the placenta is masked by the serum steroid hor-
mones levels attributed to the exogenous support, and even
constant exogenous support may have inherent serum fluctua-
tions as detected by immunoassay as seen with the estradiol
levels. Furthermore, the study did not control for adjustments
to the dose of support that were made based on prior serum
values, which are done as per attending physician discretion.
This is reflected in the analysis of progesterone levels, where
the range of the median values for each cycle day is small. It
should be noted that while the majority of embryos transferred
were blastocysts, a small minority were at the cleavage stage
and this may factor into the study’s interpretation. Our study is
also limited by its retrospective nature and did not account for
individual patient characteristics that may influence serum
levels. Thus, recommendations for the duration of luteal sup-
port, specifically P supplementation, in IVF cycles utilizing
donor oocytes or in programmed FET cycles cannot be made
based on the data provided here.

Some prospective data allow limited extrapolation of our
results to IVF cycles with autologous oocytes. In a prospec-
tive, controlled trial of 220 patients undergoing IVF-ICSI,
Kohls et al. [6] randomized patients to cessation of luteal
phase vaginal P at 5 weeks (early) or 8 weeks (standard).
Despite more bleeding episodes in the early cessation group,
the overall ongoing pregnancy and spontaneous miscarriage
rates were similar in the two groups. In another prospective,
randomized, controlled trial of 200 IVF-ICSI patients, Kyrou
et al. [23] found no difference in ongoing pregnancy or spon-
taneous miscarriages rates between patients who stopped lu-
teal phase vaginal P as early as 16 days after ET compared to
patients who received 7 weeks of standard luteal phase vaginal
P. The findings of these studies further corroborate our data.
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Conclusion

Our study demonstrates that placental steroidogenesis occurs
as early as 5 weeks of gestation, suggesting that the luteo-
placental shift may start earlier than previously reported.
Yet, the optimal duration of luteal phase support either in fresh
IVF cycles or IVF cycles with donor oocytes or programmed
FET cycles remains contentious. In a large survey of 84 IVF
centers, spanning 35 countries, accounting for over 50,000
IVF cycles, luteal phase P was continued until 10–12 weeks
of gestation in 67% of these cycles [24, 25]. However, robust
evidence from prospective, randomized, controlled trials sug-
gests that luteal phase support beyond 7 weeks may be unnec-
essary for fresh IVF cycles. In light of this data, shortening the
duration of luteal phase support warrants further investigation
and consideration in patients undergoing fresh ET with donor
oocytes or programmed FET using autologous oocytes.
Prospective studies will ultimately be required to validate
any modifications of existing protocols of luteal phase support
in these patients.

Data availability Data is available upon request.
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