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Context: Luteal phase support (LPS) has become an essential component of
IVF protocols following both fresh and frozen embryo transfers, yet there
is still controversy with regards to the optimal protocol of LPS to enhance
treatment outcome.

Search strategy: A search via PubMed for all the selected topics was limited to
publications from the past 10 years and to English language. We subsequently
searched the reference lists of retrieved articles. Where available, RCTs were
chosen over non-randomized studies. Here we provide an updated review
of the current literature on various issues relating to LPS, in both fresh and
frozen embryo transfers. The timing of LPS initiation as well as the route of
administration and dosing are discussed for both fresh and frozen transfers. A
separate discussion for frozen thawed embryo transfer in natural cycles and
non-ovulatory cycles is presented.

Conclusions: We present data that supports the use of Progesterone LPS in
fresh and frozen embryo transfers. No benefits were found to the addition
of hCG or estradiol to progesterone LPS in fresh transfers, however GnRH
agonist may have a role. IM Progesterone was not advantageous over vaginal
progesterone in fresh transfers but was superior in frozen transfers. The timing
of LPS introduction, the interval to embryo transfer, as well as the serum
concentration of progesterone, have significant effects on the success of
the treatment.
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Introduction

Following ovulation, remnants of the ovulated ovarian follicle form the corpus
luteum (CL). This temporal endocrine structure secrets a myriad of hormones such
as progesterone, estrogen, relaxin and vasoactive and angiogenic substances (1). The
CL is considered an essential component in supporting a healthy pregnancy in its first
weeks (2). The most significant product of the CL, progesterone elicits a chain of events
resulting in the decidualization of the endometrium and establishment of endometrial
receptivity, allowing embryo implantation within a narrow time frame termed the
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window of implantation (WOI). The administration of the
hormonal products of a CL, concurrent with the secretions
of an active CL or in its absence, is termed luteal phase
support (LPS). LPS can be administrated to patients following
controlled ovarian hyperstimulation followed by oocyte retrieval
or artificial insemination, or in preparation for a frozen
thawed embryo transfer. While pregnancy can develop without
exogenous administration of luteal support in natural cycles, it
is now well established that luteal support, mainly progesterone,
may promote implantation and increase pregnancy success rate
in fertility patients (3).

A luteal phase that is shorter than normal or is associated
with insufficient progesterone levels is termed luteal phase
defect. Luteal phase defect is inherent in non-ovulatory cycles
when thawed embryo are transferred in the absence of a corpus
luteum, making exogenous luteal support essential. Luteal phase
defect is also more likely with controlled ovarian stimulation
that may result in supernumerary CL that in combination often
secrete high amounts of progesterone, that in turn may elicit
strong negative feedback on pituitary LH secretion. This CL
derived suppression may lead to a premature drop in LH serum
concentration and progesterone withdrawal induced menstrual
bleeding (4).

Over the years, to optimize IVF treatment results and
patient safety and to reduce discomfort, multiple LPS protocols
were developed that are clinically available. Although several
systematic reviews and meta-analyses have been published on
this topic, multiple important, recently published studies call
for an updated summary. This review encompasses an updated
summary of the current body of evidence on luteal support in
the main treatment protocols. Data were acquired via PUBMED
search according to the topics addressed, and was limited to
the past 10 years and English language. We also manually
searched references in previously published reviews and meta-
analyses. We will discuss the timing of luteal support, routes of
administration, and different combination therapies in several
clinical scenarios. We will address separately the administration
of LPS in the presence of a functioning CL (i.e., hormonal
support treatment), and in non-ovulatory cycles, in the absence
of a CL (i.e., hormone replacement therapy).

Luteal support in fresh embryo transfers

both
progesterone

In fresh transfers induced

endometrial

embryo
proliferation

estrogen
and induced
endometrial decidualization are byproducts of gonadotropin
ovarian stimulation that is administered primarily for the
purpose of follicle maturation and the harvesting of oocytes to
create embryos. It was therefore not until quite recently that
the need for LPS in fresh embryo transfers was appreciated

(5, 6). Luteal support in the presence of a CL can be achieved
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by preventing the premature drop in the LH stimulation of the
CL to secrete progesterone, by administering a GnRH agonist
or hCG. Alternatively, supplemental progesterone may be given
with or without CL stimulation.

Progesterone and adjuvant LPS

A meta-analysis that included 8 randomized controlled
trials and 875 women, compared the administration of luteal
progesterone vs. placebo or no treatment (3). The analysis
comparing the effects of LPS on ongoing pregnancy rate
demonstrated a significant yet mild advantage to progesterone
LPS (OR 1.77, 95% 1.09-2.86). However, when only studies that
continued progesterone LPS beyond the first pregnancy test and
until 12 weeks of pregnancy were included, the positive effects
of the LPS became more prominent (OR 2.17 95% 1.37-3.43)
(3). Studies that examined the effect of addition of hCG to
progesterone failed to show any advantage to using progesterone
alone however, the rate of ovarian hyperstimulation syndrome
(OHSS) was significantly higher (3). The addition of estrogen to
progesterone LPS was analyzed in 9 randomized controlled trials
(RCTs) that included several routes of estrogen administration.
This meta-analysis failed to demonstrate a positive effect
of estrogen co-administration on ongoing pregnancy rate,
regardless of the route of estrogen administration (3). However,
the addition of GnRH agonist, either in a single dose or repeated
administration, was shown to improve ongoing pregnancy rate
compared to progesterone alone (OR 0.62, 95% CI 0.48-0.81)
without an increased risk for OHSS (3).

Progesterone routes of administration in fresh
embryo transfers

A Cochrane meta-analysis that compared several routes
of progesterone administration in fresh embryo transfer
settings demonstrated mixed results (3). The study showed
no statistically significant differences between intramuscular
(IM) treatment vs. oral (OR 0.71, 95% CI 0.14 to 3.66), or
between IM vs. vaginal/rectal (OR 1.37, 95% CI 0.94-1.99).
Likewise, two recently published retrospective studies compared
combined IM and vaginal progesterone vs. either IM or vaginal
progesterone only LPS. Both studies showed similar outcomes
for all study arms (7, 8). Similarly, no significant differences
were found between low-dose vs. high dose vaginal agents,
short vs. long protocol, micronized vs. synthetic formulation
or other administration forms (vaginal ring, gel) (3). However,
despite these findings, studies in which serum progesterone
was measured found serum progesterone concentration that
is either too low or too high to be associated with a lower
pregnancy rate, suggesting that the LPS dose of progesterone
may be important (9, 10). Thomsen et al. prospectively measured
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serum progesterone in over 600 fresh embryo transfers during
the early and mid-luteal stage. The authors found that serum
progesterone of 60-100 nmol/L and 150-250 nmol/L during the
early and mid-luteal phase, respectively, were associated with
the highest pregnancy and live birth rates. Serum progesterone
that was either lower or higher than that range correlated with a
significantly poorer outcome (10).

Timing of progesterone administration in fresh
embryo transfers

In fresh cycles, ovulation is accompanied by endogenous
progesterone secretion that often originates from multiple CL.
In this circumstance, an inaccurate timing of LPS introduction
may have significant implications: premature exposure to
progesterone may perturb the window of implantation
(WOI) while delayed LPS administration might not prevent
a premature drop in progesterone and consequentially
endometrial shedding. To date, several studies have addressed
this question by comparing different timetables for the
administration of LPS. Among 5 RCTs that compared different
starting times of progesterone administration, only 2 reported
statistically significant results (11). Sohn et al. (12) compared
administration 12h prior to ovum pick up (OPU) vs. 24h
after OPU and found a significant advantage to delayed
administration (12.9 vs. 24.6%). Williams et al. (13) found
significant advantages to starting progesterone LPS on day 3
post OPU rather than delaying it to day 6 (61.0 vs. 44.8%).
Taken together, these studies found that initiation of LPS within
the time frame of the evening of OPU up until 3 days post OPU,
was associated with optimal chances for pregnancy (11, 14)
(Figure 1).

Personalization of progesterone support in
fresh embryo transfers

Determining the optimal dose of progesterone for LPS in
the context of fresh ET has generated great interest. A meta-
analysis that included 5 studies comparing ongoing pregnancy
rate (OPR) or live birth rate (LBR) in patients receiving
a low or a high dose of micronized vaginal progesterone
(MVP), found no difference in outcome (3). On the other
hand, Thomsen et al. that conducted a large non-interventional
prospective study analyzing the relationship between early and
mid-luteal progesterone serum concentration and treatment
outcome, found an optimal range of serum progesterone that
was associated with the highest live birth rate. They found that
early luteal serum progesterone concentrations of 60—100 nmol/l
and mid luteal serum progesterone concentrations of 150-250
nmol/l gave optimal results, whereas serum progesterone
concentrations below or above this range were associated with
a poorer live birth rate (10).
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FIGURE 1

The optimal range of LPS initiation during fresh and frozen
embryo transfer. In fresh cycles the optimal range of LPS
initiation was defined as day of OPU and up to 3 days later. In
frozen transfers, the start of LPS depends on the presence of a
corpus luteum (CL). In artificial cycles that take place in the
absence of a CL, the transfer of a day 3 embryo and a blastocyst
should be performed on the 4™ and 6% days of LPS, respectively.
In natural and modified natural FETs we refer to a theoretical
OPU to standardize the optimal range of LPS initiation. Embryo
transfer should be performed 1 day sooner following an LH
surge in a tNC, compared to hCG trigger in a mNC.
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FIGURE 2

The types of frozen embryo transfer protocols. (FET, frozen
embryo transfer; NC, natural cycle; COH, controlled ovarian
hyperstimulation; tNC, true natural cycle; mNC, modified
natural cycle; LPS, luteal phase support).

LPS following GnRH agonist trigger

The use of a GnRH agonist trigger is often reserved for
patients with increased OHSS risk, or in elective freeze-all cycles
for which LPS is not necessary. Recently, several publications
examined cycles that were triggered with a GnRH agonist to
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Summary of Findings
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This a graphic summary of the findings presented in the article
regarding luteal phase support in fresh and frozen embryo

transfers. For each topic the symbol represents positive

change in outcome while ® represents either no change or
a poorer outcome.

reduce the risk for OHSS, but that subsequently proceeded
with a fresh ET. The challenges in designing LPS post GnRH
agonist are the higher chances for rapid luteolysis on one hand,
and the need to reduce the risk for OHSS on the other (15).
Elgindy et al. (16) conducted a RCT comparing IM vs. vaginal
progesterone administration in patients with increased baseline
OHSS risk that were triggered with either GnRH agonist or 5,000
IU of HCG. Patients triggered with a GnRH agonist received
1,500 IU of hCG on the day of OPU as well as oral estradiol
and IM progesterone, while those triggered with hCG received
oral estradiol and micronized vaginal progesterone (MVP). The
authors reported on a similar ongoing pregnancy rate (OPR). Of
note, the rate of considerable OHSS in the agonist trigger group,
although significantly lower than in the hCG trigger group, was
surprisingly high (5%). It is likely that the exceptionally high rate
of OHSS among IVF patients triggered with a GnRH agonist
trigger in the study by Elgindy et al. (16) stems from the addition
of hCG on the day of OPU as well as from the fact that all
these patients underwent embryo transfer and therefore fetal
hCG may have contributed to the higher rates of late OHSS. In
contrast, a small retrospective study by Safrai et al. (17) reported
similar OPR and LBR and no OHSS following MVP or oral
dydrogesterone LPS in GnRH triggered cycles. A recent meta-
analysis concluded that only when GnRH agonist trigger is given
solely, with neither a concomitant low dose hCG nor with post
agonist trigger hCG luteal support, is the risk for OHSS totally
eliminated (18).
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LPS in frozen embryo transfers

In frozen thawed embryo transfer (FET), unlike fresh ET,
endometrial preparation is not secondary to ovarian stimulation
and often occurs in the absence of a functional corpus luteum.
In evaluating the contribution of LPS in FET one must take
into consideration the type of endometrial preparation and
the agents and routes of administration, as well as the use of
an ovulation trigger. There are several types of endometrial
preparation protocols, mainly: (1) true natural cycle (tNC) in
which a thawed embryo is transferred following spontaneous
ovulation; (2) modified natural cycle (mNC) in which ET
occurs following hCG-triggered ovulation; and (3) artificial
cycle (AC) also known as hormone replacement therapy (HRT)
as well as programed FET protocol, in which the source of
estrogen and progesterone in the absence of a CL is exclusively
exogenous (Figure 2). Therefore, HRT protocols have two
main objectives. The first is to induce adequate endometrial
proliferation reaching satisfactory endometrial thickness. The
second is to prevent follicle development and spontaneous
premature ovulation that may skew the length of progesterone
exposure and shift the WOL To address these, HRT protocols are
often based on early follicular administration of a high dose of
estradiol that concomitantly induces endometrial proliferation
as well as suppression of pituitary FSH secretion and the
resulting follicular recruitment and development. Alternatively,
HRT protocols may include a GnRH agonist to suppress
follicle development. These protocols are often referred to as
HRT with suppression. The contribution of LPS to treatment
outcome in different FET preparation regimens was reviewed in
a meta-analysis by Yarali et al. (19) and will be detailed in the
following sections.

LPS in true natural cycles

The need for LPS in a true natural cycle in which ET is
synchronized with an ovulatory cycle is not obvious. A recently
published meta-analysis focused on the effect of LPS in tNC (20).
The analysis included eight studies, two of which used hCG for
luteal support, and the remaining six studies used progesterone
LPS. While hCG luteal support appeared to be non-beneficial,
progesterone LPS showed a significant benefit both in clinical
pregnancy rate (OR 1.48, 95 CI 1.14-1.94) and LBR (OR 1.67,
95% CI 1.19-2.36). These effects remained significant even when
restricting the analysis to include only randomized trials. A
possible explanation is that since in natural cycles, invariably,
there is a single corpus lutem. The potential for increasing
serum progesterone by augmenting its stimulation with hCG is
limited by its capacity. On the other hand, the administration of
external progesterone in natural cycle can result in higher serum
progesterone reflecting the dose and route of administration.
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LPS in modified natural cycles

A mNC protocol includes an hCG trigger to induce
ovulation that may be preceded by administration of aromatase
inhibitors, clomiphene citrate, or gonadotropins to promote
follicle development. Occasionally this results in the formation
of more than one CL, emphasizing the need for LPS. A
recently published small RCT comparing mNC with vs.
without LPS (21).
In contrast, a retrospective study similarly comparing

showed similar treatment outcomes
mNC with vs. without LPS found a significantly lower
miscarriage rate and a higher LBR in the group receiving
LPS (22).

Despite the logical distinction regarding the need for LPS
between tNC an mNC protocols, a RCT by Mackens et al. (23)
failed to show any difference in outcome between tNC and mNC
in patients not prescribed with LPS. In a meta-analysis, pooled
estimates for clinical pregnancy and LBR between tNC and mNC
were not statistically significant whether LPS was used or not
(19). The discrepancy between these findings may stem from the
inclusion of ovarian stimulation in addition to hCG trigger in
part of the mNC cycles.

LPS in artificial cycles

Since ACs are inherently non-ovulatory and therefore lack a
functioning CL, there is an essential need for LPS to synchronize
the endometrium and set the WOI. Although, understandably,
no studies compared AC FETs with vs. without LPS, multiple
studies looked at various aspects of LPS in ACs. Progesterone
vehicle and composition, routes of administration, dosage,
serum concentrations, timing of progesterone treatment, and
the inclusion of adjuvant agents have been the focus of
multiple studies.

Yarali et al. (19) analyzed studies that compared both tNCs
and mNCs with ACs that either included GnRH suppression or
not. Pooled estimates for clinical pregnancy and LBR between
tNC and AC without suppression demonstrated a statistically
significant difference in favor of tNC (OR 1.46, 95 % CI 1.07-
1.99) for clinical pregnancy rate but only a non-significant trend
in LBR. However, in a sub-analysis including only tNC with
LPS, statistical significance was not achieved while the trend
remained positive.

Pooled estimates for clinical pregnancy and LBR between
tNC and AC with suppression demonstrated a statistically
significant difference in favor of AC with suppression (OR 0.73,
95% CI 0.56-0.95) for LBR but only a non-significant trend for
clinical pregnancy. However, in a sub-analysis that included only
tNC patients with LPS, statistical significance was achieved for
both clinical pregnancy and LBR (OR 0.65; 95% CI 0.48-0.87
and 0.62; 95% CI 0.44-0.87; respectively). Of note, these results
were derived from a single retrospective study (24).

Frontiersin Reproductive Health

05

10.3389/frph.2022.919948

Pooled estimates for clinical pregnancy and LBR between
mNC with LPS vs. AC without suppression demonstrated no
statistically significant difference (19).

Progesterone routes of administration in frozen
embryo transfers

The route of progesterone administration in ART treatments
is a topic of much debate. Although daily IM administration
of natural progesterone dissolved in oil is considered the gold
standard, it is associated with severe discomfort, and rarely,
with sterile abscesses and risk of secondary infection (25).
Recently, administering progesterone IM once every 3 days in
combination with vaginal progesterone was shown to be non-
inferior to the daily administration regimen, thereby reducing
the level of discomfort (26). However, the vaginal route of
administration may be associated with local irritation and lower
and inconsistent serum concentration of progesterone (27).

A new preparation of aqueous progesterone that can be
administered subcutaneously recently became available (28-30).
Using this SC preparation, two non-inferiority RCTs compared
25mg SC progesterone to micronized vaginal progesterone
(MVP) in fresh ET and showed similar efficacy (28, 31).
In addition, a retrospective study comparing SC to IM
progesterone in AC FETs demonstrated similar outcomes
(30). Several retrospective studies compared IM vs. vaginal
administration. However, results were mixed, either supporting
the use of IM progesterone over MVP (32, 33) or showing no
significant differences (34).

Two recently published RCTs compared pregnancy rates
in FETs protocols with vaginal progesterone administration for
luteal support vs. IM injections. Both studies demonstrated that
IM administration was associated with a significantly higher
serum progesterone concentration (26, 35). The study by Davine
et al. included a larger sample of 1125 FET cycles and therefore
was powered to demonstrate not only increased progesterone
levels but also higher LBR in the daily IM arm. The study design
also included a combined MVP and IM arm (daily MVP and
IM injection every 3 days) which was associated with similar
LBR (26). In fact, an interim analysis resulted in discontinuation
of the MVP arm due to the poorer outcome. In this study, the
clinical pregnancy rate, total pregnancy loss, and LBR were 57,
56, and 39%, and 33, 26, and 52%, and 46, 48, and 29%, for
the IM progesterone, combined IM and vaginal progesterone,
and MVP only groups, respectively (26). It therefore appears
that despite the discomfort associated with IM progesterone, in
the context of FET it provides a superior outcome compared to
vaginal progesterone only.

Timing of progesterone administration in
frozen embryo transfers

As FETs include several types of protocols that differ in the
way progesterone is introduced, the use of a theoretical OPU
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(tOPU) has been suggested as the point of reference to define
the optimal time of LPS initiation (36) (Figure 1). Since FET
cycles do not include an OPU, a theoretical OPU is defined as
the age of the embryo in days at the time of vitrification minus
one day. Moreover, as the exact timing of exposure to an effective
dose of progesterone is critical in setting in motion the chain
of events that lead to a synchronized WOI, it was essential to
analyze trends in serum progesterone and decidual histology,
as well as rates of implantation in ovulatory and non-ovulatory
FETs, to determine the sequence of these events. Mackens et al.
(36) summarized several comparative studies that examined
alternative onsets of LPS in AC, tNC, and mNC frozen embryo
transfer protocols. The authors found that in non-ovulatory
HRT cycles, similarly to fresh ET, in order to achieve optimal
rates of implantation and lowest risks of early pregnancy loss,
LPS should be initiated on the day of tOPU. Hence, cleavage
stage embryos should be transferred on the fourth day of LPS
and blastocysts on the sixth day. The authors also addressed the
timing of ET following an LH surge in tNCs vs. the timing post
hCG trigger in mNCs. In tNCs ovulation occurs spontaneously
24 to 56 h post LH surge and is also preceded by a preovulatory
rise in serum progesterone (37). In contrast, in mNCs the
preovulatory rise in serum progesterone may not occur and
ovulation is artificially triggered with hCG. Together with data
on optimal pregnancy rates following intrauterine insemination
post LH surge vs. HCG trigger (38), it was deduced the time
interval between the LH surge and the tOPU would be 1 day
shorter than the interval post hCG trigger and tOPU in mNCs
(36). A retrospective study by Noble et al. (39) presented at the
ESHRE conference in 2020, showed data on pregnancy rate in
tNC before and after a change in ET policy. The change in policy
led to a shortening of the interval from LH surge to ET from
7 to 6 days in tNC. This change from ET on LH+7 to LH+6
was associated with higher adjusted ongoing pregnancy rate
(OPR) beyond 24 weeks (45 vs. 29%, aOR 2.13 95%CI 1.44-3.14,
p < 0.0001). Meanwhile, the AC FET OPR at the corresponding
time periods was similar (38.9 vs. 43%, aOR 0.90, 95%CI 0.70-
1.16, p = 0.41), implying that the change in OPR in the tNC was
due to the adjustment of ET to LH+-6.

Dosing of progesterone support in frozen
embryo transfers and LPS personalization

Intramuscular injections of progesterone have been
traditionally associated with higher serum progesterone
compared to MVP (26). As several recent publications
suggested that IM progesterone results in a higher serum
progesterone and OPR in FETs (26, 32, 33) the question still
remains as to the optimal range of serum progesterone for
achieving a pregnancy in FETs (10). A large retrospective
study by Yovich et al. (40) correlated serum progesterone
on the day of FET with CPR and LBR. The results support

an optimal mid luteal progesterone range (70-99 nmol/l),
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whereas levels below and above this range were associated with
significant decrease in CPR. The effect of serum progesterone
concentration was independent of embryo grading, body mass
index or the woman’s age, either at vitrification or at FET.
Gao et al. (41), examined whether administration of 40 mg
IM progesterone to women with low serum progesterone
(<10ng/ml) measured on the day of FET may alter the
expected suboptimal outcome. This large sample retrospective
study showed that despite progesterone augmentation, the
low serum progesterone group still had a significantly lower
CPR (aRR 0.81 95%CI 0.68-0.96) and LBR (aRR 0.84 95%CI
0.70-1.0). The partial response to correction of low serum
progesterone on the day of the transfer could represent an
abnormal secretory transition and synchronization due to
the low progesterone prior to the correction. Labarta et al
reported on a retrospective study in which patients diagnosed
with low serum progesterone (<9.2ng/ml) while on the
standard LPS (400 mg of micronized vaginal progesterone
twice daily) on the day of a frozen thawed blastocyst ET
where either given an additional SC progesterone 25mg,
or not. The authors reported on a higher LBR in the group
of patients supplemented with SC progesterone (44.9% vs.
37.3, OR 1.37; 95% CI 1.06-1.78) (9). However, since the
definition of low serum progesterone ranges between 9.2 and
22ng/ml (29.2 to 70 nmol/L), and the nature of the intervention
used (IM progesterone vs. SC, 25-40mg) in these studies
differs, a well-designed large RCT is needed to assess the value
of personalization.

Conclusions

Figure 3 provides a graphic summary of the main findings.
The currently available data support the use of progesterone for
LPS over hCG. In fresh ETs the addition of hCG or estrogen to
progesterone LPS was non beneficial, yet a single or repeated
doses of GnRH agonist were advantageous. In fresh ETs no route
of progesterone administration provided a superior outcome. In
frozen embryo transfers the inclusion of LPS seems to result in
improved outcomes, both in ovulatory and programed cycles.
Recent studies provide compelling evidence to an advantage for
the IM route of progesterone administration over the vaginal
approach. However, in both fresh and frozen ETs, a higher
serum progesterone does not guarantee an optimal outcome.
Finally, in ovulatory FET cycles the interval to embryo transfer
should be a day shorter following LH surge compared to hCG
trigger.

Author contributions

All authors listed have made a substantial, direct,
and intellectual contribution to the work and approved it

for publication.

frontiersin.org


https://doi.org/10.3389/frph.2022.919948
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org

Greenbaum et al.

Acknowledgments

We wish to thank Ms. Sarah Cohen from
the  Department of  Obstetrics and  Gynecology,
Hadassah-Hebrew ~ University =~ Medical =~ Center  for

editorial assistance.

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships

that could be construed as a potential conflict
of interest.

References

1. Pereira MM, Mainigi M, Strauss JF. Secretory products of
the corpus luteum and preeclampsia. Hum Reprod Update. (2021)

27:651-72. doi: 10.1093/humupd/dmab003

2. Csapo Al Pulkkinen MO, Ruttner B, Sauvage JP, Wiest WG. The significance
of the human corpus luteum in pregnancy maintenance. I preliminary studies. Am
J Obstet Gynecol. (1972) 112:1061-7. doi: 10.1016/0002-9378(72)90181-0

3.van der Linden M, Buckingham K, Farquhar C, Kremer JA, Metwally M. Luteal
phase support for assisted reproduction cycles. Cochrane Database Syst Rev. (2015)
2015:CD009154. doi: 10.1002/14651858.CD009154.pub3

4. Tavaniotou A, Albano C, Smitz J, Devroey P. Impact of ovarian

stimulation on corpus luteum function and embryonic implantation.
J  Reprod Immunol. (2002) 55:123-30. doi: 10.1016/S0165-0378(01)0
0134-6

5. Beckers NG, Macklon NS, Eijkemans MJ, Ludwig M, Felberbaum RE, Diedrich
K et al. Nonsupplemented luteal phase characteristics after the administration of
recombinant human chorionic gonadotropin, recombinant luteinizing hormone,
or gonadotropin-releasing hormone (GnRH) agonist to induce final oocyte
maturation in in vitro fertilization patients after ovarian stimulation with
recombinant follicle-stimulating hormone and GnRH antagonist cotreatment. ]
Clin Endocrinol Metab. (2003) 88:4186-92. doi: 10.1210/jc.2002-021953

6. Hill MJ, Whitcomb BW, Lewis TD, Wu M, Terry N, DeCherney AH
et al. Progesterone luteal support after ovulation induction and intrauterine
insemination: a systematic review and meta-analysis. Fertil Steril. (2013) 100:1373-
80. doi: 10.1016/j.fertnstert.2013.06.034

7. Gari S, Al-Jaroudi D. Adding weekly intramuscular progesterone to
a twice daily vaginal progesterone capsule for luteal phase support in
IVF/ICSI cycles results in similar live birth rates. JBRA Assist Reprod.
(2021). doi: 10.5935/1518-0557.20210040

8. Nho EJ, Hong YH, Park JH, Kim SK, Lee JR, Jee BC, et al. Efficacy of
dual progesterone administration (intramuscular and vaginal) for luteal support
in fresh day 3 or day 4 embryo transfer cycles. Clin Exp Reprod Med. (2020)
47:227-32. doi: 10.5653/cerm.2020.03489

9. Labarta E, Mariani G, Rodriguez-Varela C, Bosch E. Individualized luteal phase
support normalizes live birth rate in women with low progesterone levels on the
day of embryo transfer in artificial endometrial preparation cycles. Fertil Steril.
(2022) 117:96-103. doi: 10.1016/j.fertnstert.2021.08.040

10. Thomsen LH, Kesmodel US, Erb K, Bungum L, Pedersen D, Hauge
B, et al. The impact of luteal serum progesterone levels on live birth rates-

a prospective study of 602 IVF/ICSI cycles. Hum Reprod. (2018) 33:1506-
16. doi: 10.1093/humrep/dey226

11. Connell MT, Szatkowski JM, Terry N, DeCherney AH, Propst AM, Hill MJ.
Timing luteal support in assisted reproductive technology: a systematic review.
Fertil Steril. (2015) 103:939-46. doi: 10.1016/j.fertnstert.2014.12.125

12. Sohn SH, Penzias AS, Emmi AM, Dubey AK, Layman LC,
Reindollar RH et al. Administration of progesterone before oocyte

Frontiersin Reproductive Health

07

10.3389/frph.2022.919948

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
frph.2022.919948/full#supplementary-material

retrieval negatively affects the implantation rate. Fertil Steril.

71:11-4. doi: 10.1016/S0015-0282(98)00404-X

13. Williams SC, Oehninger S, Gibbons WE, Van Cleave WC, Muasher SJ.
Delaying the initiation of progesterone supplementation results in decreased
pregnancy rates after in vitro fertilization: a randomized, prospective study. Fertil
Steril. (2001) 76:1140-3. doi: 10.1016/S0015-0282(01)02914-4

(1999)

14. Kol S. Time, time, time: see what governs the luteal phase endocrinology.
Gynecol Endocrinol. (2021) 37:775-7. doi: 10.1080/09513590.2021.1939297

15. Kol S, A. Rationale for timing of luteal support post gonadotropin-

releasing hormone agonist trigger. Gynecol Obstet Invest. (2019)
84:1-5. doi: 10.1159/000491088
16. Elgindy EA, Sibai H, Mostafa MI, Gibreel A, Darwish E,

Maghraby H. Towards an optimal luteal support modality in agonist
triggered cycles: a randomized clinical trial. Hum Reprod. (2018)
33:1079-86. doi: 10.1093/humrep/dey054

17. Safrai M, Hertsberg S, Ben-Meir A, Reubinoff B, Imbar T, Mordechai-
Daniel T et al. Dydrogesterone supplementation in addition to routine micronized
progesterone administration for luteal support in cycles triggered with lone GnRH
agonist results in an acceptable pregnancy rate and avoids the need to freeze
embryos. Minerva Obstet Gynecol. (2021). doi: 10.23736/52724-606X.21.04954-X

18. Ioannidou PG, Bosdou JK, Lainas GT, Lainas TG, Grimbizis GE, Kolibianakis
EM. How frequent is severe ovarian hyperstimulation syndrome after GnRH
agonist triggering in high-risk women? a systematic review and meta-analysis.
Reprod Biomed Online. (2021) 42:635-50. doi: 10.1016/j.rbmo.2020.11.008

19. Yarali H, Polat M, Mumusoglu S, Yarali I, Bozdag G. Preparation
of endometrium for frozen embryo replacement cycles: a systematic
review and meta-analysis. ] Assist Reprod Genet. (2016) 33:1287-
304. doi: 10.1007/s10815-016-0787-0

20. Mizrachi Y, Horowitz E, Ganer Herman H, Farhi ], Raziel A, Weissman
A. Should women receive luteal support following natural cycle frozen embryo
transfer? a systematic review and meta-analysis. Hum Reprod Update. (2021)
27:643-50. doi: 10.1093/humupd/dmab011

21. Horowitz E, Mizrachi Y, Finkelstein M, Farhi ], Shalev A, Gold E, et al.
A randomized controlled trial of vaginal progesterone for luteal phase support
in modified natural cycle - frozen embryo transfer. Gynecol Endocrinol. (2021)
37:792-7. doi: 10.1080/09513590.2020.1854717

22. Kim CH, Lee YJ, Lee KH, Kwon SK, Kim SH, Chae HD, et al. The effect
of luteal phase progesterone supplementation on natural frozen-thawed embryo
transfer cycles. Obstet Gynecol Sci. (2014) 57:291-6. doi: 10.5468/0gs.2014.57.4.291

23. Mackens S, Stubbe A, Santos-Ribeiro S, Van Landuyt L, Racca A, Roelens
C et al. To trigger or not to trigger ovulation in a natural cycle for frozen
embryo transfer: a randomized controlled trial. Hum Reprod. (2020) 35:1073-
81. doi: 10.1093/humrep/deaa026

24. Hill MJ, Miller KA, Frattarelli JL, A. GnRH agonist and exogenous
hormone stimulation protocol has a higher live-birth rate than a natural

frontiersin.org


https://doi.org/10.3389/frph.2022.919948
https://www.frontiersin.org/articles/10.3389/frph.2022.919948/full#supplementary-material
https://doi.org/10.1093/humupd/dmab003
https://doi.org/10.1016/0002-9378(72)90181-0
https://doi.org/10.1002/14651858.CD009154.pub3
https://doi.org/10.1016/S0165-0378(01)00134-6
https://doi.org/10.1210/jc.2002-021953
https://doi.org/10.1016/j.fertnstert.2013.06.034
https://doi.org/10.5935/1518-0557.20210040
https://doi.org/10.5653/cerm.2020.03489
https://doi.org/10.1016/j.fertnstert.2021.08.040
https://doi.org/10.1093/humrep/dey226
https://doi.org/10.1016/j.fertnstert.2014.12.125
https://doi.org/10.1016/S0015-0282(98)00404-X
https://doi.org/10.1016/S0015-0282(01)02914-4
https://doi.org/10.1080/09513590.2021.1939297
https://doi.org/10.1159/000491088
https://doi.org/10.1093/humrep/dey054
https://doi.org/10.23736/S2724-606X.21.04954-X
https://doi.org/10.1016/j.rbmo.2020.11.008
https://doi.org/10.1007/s10815-016-0787-0
https://doi.org/10.1093/humupd/dmab011
https://doi.org/10.1080/09513590.2020.1854717
https://doi.org/10.5468/ogs.2014.57.4.291
https://doi.org/10.1093/humrep/deaa026
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org

Greenbaum et al.

endogenous hormone protocol for frozen-thawed blastocyst-stage embryo
transfer cycles: an analysis of 1391 cycles. Fertil Steril. (2010) 93:416-
22. doi: 10.1016/j.fertnstert.2008.11.027

25. Cometti B. Pharmaceutical and clinical development of a novel
progesterone formulation. Acta Obstet Gynecol Scand. (2015) 94 Suppl
161:28-37. doi: 10.1111/a0gs.12765

26. Devine K, Richter KS, Jahandideh S, Widra EA, McKeeby JL.
Intramuscular ~ progesterone optimizes live birth from programmed
frozen embryo transfer: a randomized clinical trial. Fertil Steril. (2021)
116:633-43. doi: 10.1016/j.fertnstert.2021.04.013

27. Zarei A, Sohail P, Parsanezhad ME, Alborzi S, Samsami A, Azizi M.
Comparison of four protocols for luteal phase support in frozen-thawed Embryo
transfer cycles: a randomized clinical trial. Arch Gynecol Obstet. (2017) 295:239—
46. doi: 10.1007/s00404-016-4217-4

28. Baker VL, Jones CA, Doody K, Foulk R, Yee B, Adamson GD, et al.
A randomized, controlled trial comparing the efficacy and safety of aqueous
subcutaneous progesterone with vaginal progesterone for luteal phase support of in
vitro fertilization. Hum Reprod. (2014) 29:2212-20. doi: 10.1093/humrep/deul94

29. Hibashi A, Aldriweesh A, Saeed B, Coskun S, Awartani K. Subcutaneous

progesterone (Prolutex) (® for luteal phase support in cycles of in
vitro  fertilization-embryo transfer- a retrospective cohort study. Clin
Obstet  Gynecol Reprod Med. (2020) 6:1-5. doi: 10.15761/COGRM.10
00296

30. Turgut EN, Boynukalin FK, Gultomruk M, Yarkiner Z, Bahceci M.
Comparison of intramuscular versus subcutaneous aqueous progesterone
for luteal phase support in artificially prepared frozen embryo transfer
cycles. Turk ] Obstet Gynecol. (2020) 17:240-6. doi: 10.4274/tjod.galenos.2020.
01460

31. Lockwood G, Griesinger G, Cometti B, European C. Subcutaneous
progesterone versus vaginal progesterone gel for luteal phase support in in vitro
fertilization: a noninferiority randomized controlled study. Fertil Steril. (2014)
101:112-9 e3. doi: 10.1016/j.fertnstert.2013.09.010

32. Haddad G, Saguan DA, Maxwell R, Thomas MA. Intramuscular
route of progesterone administration increases pregnancy rates during non-
downregulated frozen embryo transfer cycles. J Assist Reprod Genet. (2007) 24:467-
70. doi: 10.1007/s10815-007-9168-z

Frontiersin Reproductive Health

08

10.3389/frph.2022.919948

33. Kaser DJ, Ginsburg ES, Missmer SA, Correia KF, Racowsky C.
Intramuscular progesterone versus 8% Crinone vaginal gel for luteal phase
support for day 3 cryopreserved embryo transfer. Fertil Steril. (2012) 98:1464-
9. doi: 10.1016/j.fertnstert.2012.08.007

34. Shapiro DB, Pappadakis JA, Ellsworth NM, Hait HI, Nagy ZP. Progesterone
replacement with vaginal gel versus i. m injection: cycle and pregnancy outcomes
in IVF patients receiving vitrified blastocysts. Hum Reprod. (2014) 29:1706-
11. doi: 10.1093/humrep/deul21

35. Hershko Klement A, Samara N, Weintraub A, Mitri F Bentov Y,
Chang P, et al. Intramuscular versus vaginal progesterone administration
in medicated frozen embryo transfer cycles: a randomized clinical trial
assessing sub-endometrial contractions. Gynecol Obstet Invest. (2018) 83:40-
4. doi: 10.1159/000475464

36. Mackens S, Santos-Ribeiro S, van de Vijver A, Racca A, Van
Landuyt L, Tournaye H et al. Frozen embryo transfer: a review on
the optimal endometrial preparation and timing. Hum Reprod. (2017)
32:2234-42. doi: 10.1093/humrep/dex285

37. Hoff JD, Quigley ME,
midcycle: a reevaluation. ] Clin
6. doi: 10.1210/jcem-57-4-792

Yen SS.
Endocrinol

Hormonal
Metab.

dynamics at
(1983)  57:792-

38. Kosmas IP, Tatsioni A, Fatemi HM, Kolibianakis EM, Tournaye H, Devroey
P. Human chorionic gonadotropin administration vs. luteinizing monitoring for
intrauterine insemination timing, after administration of clomiphene citrate: a
meta-analysis. Fertil Steril. (2007) 87:607-12. doi: 10.1016/j.fertnstert.2006.10.003

39. Noble M, Craig J, Bevan A, Child T, editors. Natural Cycle Frozen-Thawed
Embryo Transfer (FET): A Comparison of Outcomes Following Blastocyst Transfer
on Day Six Versus Day Seven After Urinary Luteinising Hormone (LH) Surge.
ESHRE (2020) Virtual. Human Reproduction: Oxford University Press (2020).

40. Yovich JL, Conceicao JL, Stanger JD, Hinchliffe PM, Keane KN. Mid-luteal
serum progesterone concentrations govern implantation rates for cryopreserved
embryo transfers conducted under hormone replacement. Reprod Biomed Online.
(2015) 31:180-91. doi: 10.1016/j.rbmo.2015.05.005

41.Gao H, Ye], Ye H, Hong Q, Sun L, Chen Q. Strengthened luteal phase support
for patients with low serum progesterone on the day of frozen embryo transfer in
artificial endometrial preparation cycles: a large-sample retrospective trial. Reprod
Biol Endocrinol. (2021) 19:60. doi: 10.1186/s12958-021-00747-8

frontiersin.org


https://doi.org/10.3389/frph.2022.919948
https://doi.org/10.1016/j.fertnstert.2008.11.027
https://doi.org/10.1111/aogs.12765
https://doi.org/10.1016/j.fertnstert.2021.04.013
https://doi.org/10.1007/s00404-016-4217-4
https://doi.org/10.1093/humrep/deu194
https://doi.org/10.15761/COGRM.1000296
https://doi.org/10.4274/tjod.galenos.2020.01460
https://doi.org/10.1016/j.fertnstert.2013.09.010
https://doi.org/10.1007/s10815-007-9168-z
https://doi.org/10.1016/j.fertnstert.2012.08.007
https://doi.org/10.1093/humrep/deu121
https://doi.org/10.1159/000475464
https://doi.org/10.1093/humrep/dex285
https://doi.org/10.1210/jcem-57-4-792
https://doi.org/10.1016/j.fertnstert.2006.10.003
https://doi.org/10.1016/j.rbmo.2015.05.005
https://doi.org/10.1186/s12958-021-00747-8
https://www.frontiersin.org/journals/reproductive-health
https://www.frontiersin.org

	Luteal phase support in fresh and frozen embryo transfers
	Introduction
	Luteal support in fresh embryo transfers
	Progesterone and adjuvant LPS
	Progesterone routes of administration in fresh embryo transfers
	Timing of progesterone administration in fresh embryo transfers
	Personalization of progesterone support in fresh embryo transfers

	LPS following GnRH agonist trigger
	LPS in frozen embryo transfers
	LPS in true natural cycles
	LPS in modified natural cycles
	LPS in artificial cycles
	Progesterone routes of administration in frozen embryo transfers
	Timing of progesterone administration in frozen embryo transfers
	Dosing of progesterone support in frozen embryo transfers and LPS personalization


	Conclusions
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


