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Abstract
It has been shown that in controlled ovarian hyper stimulation cycles, defective luteal
phase is common. There are many protocols for improving pregnancy outcomes in
women undergoing fresh and frozen in vitro fertilization cycles. These approaches include
progesterone supplements, human chorionic gonadotropin, estradiol, gonadotropinreleasing hormone agonist, and recombinant luteinizing hormone. The main challenge
is luteal-phase support (LPS) in cycles with gonadotropin-releasing hormone agonist
triggering. There is still controversy about the optimal component and time for starting
LPS in assisted reproductive technology cycles. This review aims to summarize the various
protocols suggested for LPS in in vitro fertilization cycles.

Key words: Luteal-phase support, IVF, HCG, Progesterone, GnRH agonist,
Recombinant LH.

Production and Hosting by
Knowledge E

1. Introduction

Dashti et al. This article is
distributed under the terms
of the Creative Commons
Attribution

License,

which

permits unrestricted use and
redistribution provided that
the original author and source
are credited.
Editor-in-Chief:
Aflatoonian Abbas M.D.

Normal luteal function is the main
component for pregnancy maintenance.
In natural ovulatory cycles, the
corpus luteum can produce adequate
progesterone after ovulation until the
placental function starts at seven wk
gestation. Any problems that disturb
progesterone secretion in the secretory
phase can lead to a defective luteal
phase. Luteal-phase deficiency is a
condition where there is insufficient
endogenous progesterone for embryo
implantation, which can be associated
with infertility and pregnancy loss (1,
2).
Controlled
ovarian
stimulation
techniques often induce endocrine

defects in the luteal phase and evidence
shows that luteal-phase dysfunction can
cause lower pregnancy rates in in vitro
fertilization cycles (3).
Luteal-phase support (LPS) is a
well-known intervention for almost
all stimulated assisted reproductive
technology (ART) cycles. Ovarian
stimulation
cycles
using
both
gonadotropin-releasing hormone (GnRH)
agonist or antagonist protocols have been
associated with a defective luteal phase
that can disturb embryo implantation
(4).
Multiple follicular development results
in supraphysiological levels of estradiol
and progesterone that have negative
feedback on luteinizing hormone (LH)
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secretion from the pituitary gland (5, 6). Other
factors include the disruption of granulosa
cell function after oocyte pick up, prolonged
suppression of the pituitary after administration
of GnRH agonist or GnRH antagonist, and the
negative feedback of exogenous human chorionic
gonadotropin (HCG) on the secretion of LH from
the pituitary. It has been suggested that LH
secretion is inhibited by the administration of HCG
via a short-loop feedback mechanism (7, 8).
On the other hand, in frozen-thawed cycles
endometrial preparation is completely induced by
exogenous estrogen and progesterone because of
the absence of a corpus luteum (9). Very different
regimens are suggested for supporting the luteal
phase in fresh and frozen-thawed cycles. However,
the ideal approach, the right dose, and the best
time for commencing are controversial. This review
was planned to present the different aspects of
LPS.

2. The luteal phase support in
HCG triggered fresh transfer
cycle
2.1. Progesterone
Exogenous progesterone supplementation
has commonly been used for supporting the
luteal phase; however, the route of progesterone
administration is still controversial (10).
Progesterone helps the uterus to be quiescent
by stabilizing lysosomal membranes, inhibiting
prostaglandin synthesis, and reducing intracellular
calcium concentration. On the other hand,
progesterone plays a role as an immunomodulator
and can facilitate implantation via improvement
of endometrial receptivity. Also, progesterone
induces decidual transformation through increased
endometrial vascularity (11).
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Evidence demonstrated that a “luteal gap” in
progesterone secretion in the second part of the
luteal phase that leads to insufficient luteinizing
of the endometrium; exogenous progesterone
can therefore be the first choice in such cases
(12).
Optimal coordination between endometrial
receptivity and the embryo is a key factor for
successful implantation and evidence shows
that progesterone can induce this process
effectively. Progesterone supplementation for LPS
is accessible in synthetic forms (17 alpha-hydroxy
derivatives) as well as in a natural formulation
(micronized) and can be administered by
intramuscular (IM), oral, intravaginal, subcutaneous
(SC), and transdermal modes (13).
It is recommended not to use 19-nortestosterone
derivatives, such as medroxyprogesterone acetate
and norethisterone acetate, for supporting the
luteal phase because of androgen and corticoid
effects (12).

2.1.1. Intramuscular progesterone
An IM injection is a common form of
progesterone that is oil-based and has been used
for decades. The usual dose of progesterone is 50
mg; however, doses have ranged from 25 to 100
mg daily (14). IM injection provides permanent
serum levels of progesterone (with a peak
concentration around 8 hr) and is thus considered
to be a particularly effective option in some
countries (especially in North America). Another
advantage of IM progesterone is rapid absorption
that results in high plasma concentrations after 2
hr (15).
It was showed that after a daily IM injection
of 25 mg progesterone, a plasma concentration
was achieved that was equivalent to that of the
luteal phase in a natural cycle. The main limiting
factors for using IM progesterone include side
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effects such as redness, pain, welts, infections,
sterile abscesses, inflammatory response, and
even rarely pulmonary complications (eosinophilic
pneumonia), and also that it is an inconvenient
route due to the required daily visits and injections
(16-18). Due to these limitations, there is still debate
about this route.

2.1.2. Vaginal progesterone
Because of the disadvantages of IM
progesterone, researchers have looked for an
alternative route that is more convenient and
efficient; one such route is vaginal preparation,
which is popular in medical facilities (19). Vaginal
progesterone products are currently administered
through several routes including pessaries
(Cyclogest), capsules (Utrogestan), or tablets
(Lutigest), gel (Crinone), and Inserts (Endometrine)
(20).
Devroey and coworkers showed that the
maximum serum concentration of progesterone
was obtained after 3-8 hr of utilizing vaginal
suppositories or tablet supplements and that
administration of daily 300-600 mg daily of vaginal
components resulted in sufficient available plasma
levels (21).
The main advantage of vaginal progesterone
products is “first uterine pass” progesterone is
transported directly from the vagina to the uterus,
which leads to adequate uterine tissue levels of
progesterone with lower circulating levels (good
bioavailability) (22). Evidence suggests that vaginal
progesterone is the preferred route in ART cycles
and should be considered as the first step in the
administration of progesterone (16, 21).
Histopathologic evidence has shown that using
300-600 mg of vaginal micronized progesterone
daily can induce similar endometrial maturation as
100 mg IM progesterone daily (14).
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Vaginal progesterone gel was first approved
because of its positive effects on donation cycles
(23).
The micronized vaginal progesterone (MVP)
product is available as a bio adhesive gel (Crinone
8% 90 mg) and in a fine powder. Substantial
evidence suggests that Crinone is efficiently
absorbed in the vagina and can cause suitable
decidual transformation in the endometrium for
successful implantation (14). First uterine pass is
responsible for the significant therapeutic effect
of the vaginal gel on the endometrium which is
obtained 4-5 hr after application (24). A metaanalysis showed that using 90-mg of vaginal
progesterone bio adhesive gel daily or 200-mg of
progesterone capsules daily had a similar effect
on LPS as using a 50-mg of IM progesterone
daily (19). Similarly, in another study was reported
the same clinical pregnancy rate between 400-mg
twice daily progesterone vaginal pessaries and 90mg daily progesterone vaginal gel (25). It seems
that more studies are needed to determine the
suitable dose for vaginal gel.
The new vaginal product that was introduced
recently is the vaginal ring (Milprosa), that releases
progesterone continuously. In phase III clinical
trials it was shown that using a progesterone
vaginal ring once a wk had no significant impact
on pregnancy outcomes or major complications
compared with using vaginal gel (8% Crinone)
once a day starting from the day after oocyte
pick up. However, a threefold higher rate of
vaginal discharge was reported in the vaginal
ring group (26). Ginsburg et al. explained that
women preferred weekly vaginal rings to vaginal
gel because they were more convenient with no
interference with daily and sexual activities, even
though the gel was less difficult and stressful
to apply (27). The most common complaints
about vaginal progesterone are increased vaginal
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discharge and irritation that can be avoided by
rectal use.
In spite of this fact, it seems vaginal
progesterone products are considered as the
first choice for LPS at many centers because these
products have few side effects and are easier to
use by women than IM preparations (14).
A systematic review reported a similar potency,
and safety between different formulations of
vaginal products including Utrogestan Vaginal and
Crinone, Cyclogest, and Endometrin (20).

2.1.3. Subcutaneous progesterone
Another injectable preparation of progesterone
is a water-soluble subcutaneous (SC) selfadministration component (Prolutex) that has
been introduced as a good alternative for women
who do not want to use vaginal or IM progesterone
(14, 16). SC progesterone is commonly used in a
dose of 25-50 mg daily (28, 29). However, in a
randomized controlled trial, it was found that 25
mg daily SC progesterone can induce suitable
decidual changes in the endometrium (30).
Overall, this new SC product is more convenient
with a considerable level of satisfaction among
women (31).

2.1.4. Oral progesterone
Oral administration of micronized progesterone
has low bioavailability because of first-pass
metabolism in the liver. Only 10% of oral
micronized progesterone is absorbed, which
leads to a lower pregnancy rate compared
to vaginal or IM progesterone. Also, oral
micronized progesterone is associated with
nausea, drowsiness, and flushing (11, 22, 32).
Additionally, evidence suggests that oral
micronized progesterone does not induce the
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suitable predecidual changes in endometrial
glands and stroma that are necessary for
implantation (12).
One oral progesterone product that is
currently in use is Dydrogesterone, which has
a specific chemical structure that induces better
bioavailability with suitable progesterone activity
(33).
A
meta-analysis
showed
that
oral
Dydrogesterone leads to higher clinical pregnancy
rates compared to MVP (34).
A Cochrane Review demonstrated no
differences in live birth rates or ongoing
pregnancy rates between synthetic and micronized
progesterone. However, women in the synthetic
progesterone group had a higher clinical
pregnancy rate than those in the micronized
progesterone group (35).
A randomized clinical trial that was conducted
at 37 IVF centers in 10 countries could not
confirm the inferiority of oral Dydrogesterone
compared with MVP and suggested that oral
Dydrogesterone is a well-tolerated route of
progesterone with a similar safety profile (36).
Moreover, a phase-III randomized controlled
trial (lotus II) compared oral Dydrogesterone
(30 mg daily) with 8% MVP gel (90 mg daily
from the day of ovum pick up until the 12th
wk of gestation). They concluded that oral
Dydrogesterone had the same efficacy and
safety as MVP gel and can be a good choice
for LPS (37). Because Dydrogesterone is a
more convenient route with good tolerability,
it has been approved for use in LPS in several
countries. However, it should be considered
that Dydrogesterone is a synthetic molecule
which may have some epigenetic effects
such as relating to congenital heart disease
(38). Therefore, further investigations are
needed.

https://doi.org/10.18502/ijrm.v19i9.9708

International Journal of Reproductive BioMedicine

2.1.5. Transdermal progesterone
Transdermal progesterone is not a good choice
for LPS. The first reason is the need for a
massive dose of progesterone for achieving
the equal physiological effect. Another problem
is the existence of a 5a-reductase enzyme in
the skin that deactivates the important part of
absorbed progesterone, leading to low levels of
progesterone in circulation (12).
Finally, further studies are needed to investigate
the proper dose of progesterone products. The
ESHRE guideline stipulates the following doses for
the different natural progesterone products: 50 mg
once daily for IM progesterone, 25 mg daily for SC
progesterone, 100 mg for the vaginal insert twice
or thrice daily, 90 mg daily for vaginal gel, 600 mg
daily for MVP in-oil capsules, and 400 mg twice
daily for the vaginal pessary (39).

2.2. HCG
HCG prompts the corpus luteum to produce
progesterone continuously via mimicking LH
pulsatility; therefore, for a long time many
researchers believed that HCG should be the
primary choice for LPS. However, this approach
can increase the risk of ovarian hyper stimulation
syndrome (OHSS) (16, 35). In a randomized
controlled trial, was demonstrated that the
administration of HCG for LPS did not improve
the ongoing pregnancy rate in the natural frozen
embryo transfer (FET) cycle (40). Evidence shows
that after using HCG for the trigger in stimulated
cycles, a gap of LH-like activity is expected at
the time of implantation that can lead to a lower
pregnancy rate. Several doses of HCG have
been suggested for repairing this defect even
though there is no universally-agreed opinion
about this. Andersen and coworkers suggested
that receiving continued low-dose HCG (e.g., 500
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IU) prior to the mid-luteal phase can be efficient
and convenient (2). The Cochrane Database of
systematic reviews showed that administration of
HCG or progesterone for LPS may improve live
birth rates or ongoing pregnancy rates, although
HCG, with or without progesterone, can increase
the risk of OHSS (35).

2.3. Estradiol
In natural ovulatory cycles, the corpus luteum
secretes estrogen in addition to progesterone;
therefore, some researchers have suggested
that adding estrogen to progesterone for LPS
could improve pregnancy outcomes. However,
results from a meta-analysis did not support
routine administration of estrogen along with
progesterone for LPS in IVF cycles (11, 35). On the
other hand, in antagonist cycles, serum estradiol
may be diminished due to the increased level of
serum progesterone, and this decrease is probably
greater compared to serum estradiol in agonist
cycles (41). Therefore, it has been suggested that
adding estradiol in doses of 2-6 mg/day could
help. However, a systematic review demonstrated
that the addition of oral estradiol to progesterone
supplementation in the luteal phase of IVF cycles
did not improve outcomes (42). Similarly, two other
studies revealed that utilizing different routes of
estradiol including oral, transdermal patches, or
transdermal gel for supporting the luteal phase in
antagonist protocols did not improve pregnancy
rates (42-44). There is still controversy surrounding
the use of estradiol for LPS in fresh cycles and
more studies should be conducted.

2.4. Gonadotropin-releasing hormone
agonist (GnRH-a)
The suggestion of using gonadotropin-releasing
hormone agonist (GnRH-a) for LPS first emerged
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from inadvertent use of GnRH-a during the luteal
phase. One study reported that accidental use
of GnRH-a during the luteal phase improved
implantation (45). Evidence explains that GnRHa has an effect at three levels. Utilizing GnRHa supports the corpus luteum through pituitary
LH secretion. GnRH-a also has direct effects on
the embryo and implantation process (11, 45, 46).
Another possible mechanism is the effect that it
has on trophectoderm cells and endometrial GnRH
receptors (47, 48).
Local expression of endometrial receptors can
activate endocrine-paracrine pathways leading to
the secretion of angiogenic factors, growth factors,
cytokines, and adhesion molecules. A metaanalysis showed that administration of a singledose of GnRH-a (0.1 mg of triptorelin six days
after intracytoplasmic sperm injection) increased
the implantation rate in GnRH antagonist and long
GnRH-a cycles, clinical pregnancy rate per transfer,
and ongoing pregnancy rate in cycles with GnRH
antagonist protocols (49). After using GnRH-a, no
embryonic or fetal malformations related to this
treatment were reported (45). Results from a metaanalysis in 2020 showed that the administration
of GnRH-a for luteal support not only significantly
improved the live birth rate, clinical pregnancy rate,
and ongoing pregnancy rate, but also revealed
a tendency to decrease the abortion rate (50).
Another study showed that a single-dose of GnRHa (triptorelin acetate, 0.1 mg) given on the sixth day
after the oocyte pick up had a similar efficacy as
three doses of HCG (51).

3. The luteal phase in GnRH-atriggered fresh transfer cycles
In a natural ovulatory cycle, LH supports
the corpus luteum to secrete estradiol and
progesterone after ovulation. In controlled ovarian
stimulation cycles, after HCG triggering, HCG
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mimics LH activity to motivate corpus luteum
steroidogenesis. After the induction of final oocyte
maturation with a bolus dose of GnRH-a, the
duration of the luteal phase becomes shorter than
the HCG cycle (9 days compared to 13 days) and
the serum levels of progesterone and estradiol
decrease in the luteal phase compared to the
HCG cycle (52). As a consequence, significantly
lower implantation rate are expected (53) and an
intensive luteal phase is necessary to overcome
this luteal phase insufficiency (54). Many studies
have tried to find a more suitable replacement
for LH with as few side effects as possible. One
strategy is known as “the European approach”
which involves utilizing HCG for rescuing the
corpus luteum for the production of steroids (55).

3.1. Dual trigger with low dose HCG
and GnRH-a
Administration of low-dose HCG at the time of
trigger rescues the corpus luteum for sufficient
luteinization. In two studies was shown that adding
1,000 or 2,500 IU HCG (mean dose: 26.2 IU/kg)
improved the pregnancy rate. They also reported
a low OHSS rate in these patients (56, 57).
In order to avoid the risk of OHSS, it is
reasonable to apply a low dose of HCG (1,000 IU)
coupled with a GnRH-a trigger in women with a
peak estradiol of < 4000 pg/ml. This regimen can
improve the chance of implantation and live birth
rates (54).

3.2. Low-dose HCG at the time of
ovum pick-up
Lower LH activity in the early luteal phase is
known to be responsible for unacceptable results
after the GnRH-a trigger. Maslow et al. showed
that low-dose HCG can be used not only at the
time of GnRH-a trigger but also 35 hr later, and
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both routes improve pregnancy rates. Women that
received 1,000 IU HCG at the time of the GnRH-a
trigger had equal live birth rates compared to those
who received 1,500 IU HCG at the time of oocyte
pick up (58). In two studies was suggested that it is
crucial to determine an upper cutoff limit for those
with > 25 follicles with a diameter of ≥ 11 mm before
utilizing this strategy (59, 60).

Luteal-phase support in assisted reproductive technology

randomized study. Six repeated doses of 300 IU
rLH was injected from the day of ovum pick up
in addition to vaginal micronized progesterone.
The main superiority of rLH to HCG is the
shorter half-life of LH compared to HCG, which
can minimize the risk of OHSS. Acceptable
implantation rates were achieved with this novel
rLH luteal supplementation scheme compared to
the standard luteal progesterone protocol (65).

3.3. Low-dose HCG in the luteal phase
Two proof-of-concept studies reported that
administration of 1,500 IU of HCG two or three days
after ovum pick up can lead to higher mid-luteal
progesterone levels (61, 62).

3.4. Daily low dose recombinant HCG
in the luteal phase
Another strategy suggested for supporting
corpora lutea is using recombinant HCG (125 IU)
beginning on either day two or six of stimulation
and followed daily throughout the luteal phase
(progesterone-free luteal phase). However, more
studies are needed on this strategy (63).

3.5. Luteal coasting
This strategy is based on findings that not
all women after the GnRH-a trigger have to use
aggressive LPS (64). In this method, the luteal
phase steroid supplementation is not applied at
first. When serum progesterone levels decrease, a
bolus of 1,500 IU HCG is administered (63).

3.6. Recombinant LH
The use of recombinant LH (rLH) for rescuing
corpus luteum after the administration of GnRHa for oocyte maturation was first introduced in a
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3.7. Intensive luteal support (steroidonly luteal phase supplementation)
“The American approach” is the second policy
that was introduced for LPS after the GnRHa trigger. This strategy is based on using IM
progesterone (50 mg daily) and transdermal
estradiol (three 0.1 mg patches replaced every
other day) for LPS (55, 66). In this method, corpus
luteum function is ignored and the luteal phase is
only supported by exogenous steroids. The main
challenge in this route is the need for frequent
monitoring of proestrone and estradiol to maintain
the progesterone levels > 20 ng/mL and estradiol
levels > 200 pg/mL along with LP (67, 68).

4. LPS for FET cycles
In FET cycles, neither estrogen nor progesterone
is secreted from the corpus luteum; therefore,
exogenous estradiol is necessary for proliferating
the endometrium, which is followed by the
administration of progesterone for supporting
secretory endometrium. Synchronization between
the embryo and endometrium is a key factor
for successful implantation in FET cycles. The
“window of implantation” is the ideal opportunity
for trophoblast-endometrial cross-talking; it occurs
around days 22-24 of a 28-day cycle (69).
Protocols used for frozen cycles consist of a
natural cycle (NC), a modified natural cycle, and
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an artificial cycle (AC). In NC-FET, no steroid
hormone is administered (70) and the best time for
embryo transfer is determined by the observation
of the LH surge; however, in modified NC-FET,
embryo transfer is carried out after the induction of
ovulation. Natural cycles can be a favored option
in women with normal ovulatory menstrual cycles,
although using luteal support in natural cycles is
still controversial. Accordingly, it was revealed that
an injection of 50 mg of IM progesterone twice
daily starting from 36 hr after the HCG trigger was
not effective in natural frozen-thawed cycles (71).

Then again, a meta-analysis conducted in
2013, showed that the usage of estrogen and
progesterone did not suppress the pituitary
completely
and
spontaneous
luteinization
sometimes occurred earlier. They suggested that
the administration of GnRH-a may prevent follicular
growth (AC-FET with GnRH-a) and spontaneous
luteinization (77). Nevertheless an RCT in 2020
showed that the administration of GnRH-a prior
to steroid preparation of the endometrium did not
improve pregnancy rates in FET cycles in repeated
implantation-failure group (78).

The most common route for the FET cycle is
endometrial preparation by the administration
of estradiol for achieving an endometrial
thickness of approximately 0.8 cm and then
adding progesterone for induction of secretory
endometrium (69). An evaluation of the clinical
factors affecting pregnancy outcomes in FET
cycles showed that the duration of endometrial
preparation did not influence pregnancy rates (72).

In spite of this, in an interventional pilot study,
was demonstrated that using a single SC dose
of 0.1 mg triptorelin at the time of implantation
could have an immunological modulatory role
in the endometrium. They suggested that
administration of GnRH-a facilitates interaction
between the endometrium and trophoblast and
supports embryo implantation (79). However, the
administration of 0.1 mg triptorelin acetate three
days after embryo transfer (single dose) did not
improve pregnancy outcomes (80).

Usually, progesterone is utilized three to four
days before a cleavage-stage embryo transfer
and around five to six days before a blastocyst
transfer. Casper and coworkers could not find any
difference between IM and vaginal progesterone
outcomes in this context (73). It seems pregnancy
and live birth rates are comparable among all the
variations in methods.
Estradiol can use as oral and, vaginal tablets,
transdermal patches, SC or IM that studies did
not find significant differences between them (74).
Similarly, endometrial preparation can be induced
by mild stimulation with exogenous gonadotropins
or oral agents, but some researchers believe
that ovarian stimulation may disturb endometrial
vascularization and receptivity (75, 76). In a
systematic review, was explained that clinical
pregnancy rate and live birth rate in NC are
comparable to mild ovarian stimulation using
gonadotropins (76).
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A retrospective study has shown that using three
dose of HCG in LPS can advance chemical and
clinical pregnancy rate in the FET cycles (81). HCG
is known as the first molecular message between
the blastocyst and the decidua. Intrauterine HCG
before embryo transfer may have beneficial effects
on the endometrium in frozen-thawed cycles 82
was added (82).

5. The ideal time for initiating LPS
Knowing the appropriate time for starting LPS
is currently challenging. In IVF cycles after HCG
triggering, HCG levels decrease approximately five
days after ovum pick up, which causes decreased
levels of progesterone (83). Consequently, it is
recommended that LPS is started before the
endogenous progesterone diminishes; however, it
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is very important not to start early, as doing so can
have a poor effect on endometrial receptivity. In a
systematic review, Connell et al. showed that the
optimal time for starting LPS is between 24 and 72
hr after ovum pick up (84).
However, a systematic review suggested that
the day after oocyte pick up is the best time for
initiation of LPS and that continuing more than
three wk does not improve clinical pregnancy rates
(85). The ESHRE guidelines recommended that LPS
should be started in the interval time between the
evening of the day of ovum pick up and day 3 post
oocyte retrieval (39). Further research is needed to
determine the best time for starting LPS.

6. Duration of luteal support
Many studies have evaluated the duration of
LPS. One meta-analysis showed that continuing
progesterone for two wk after a positive pregnancy
test did not change miscarriage or delivery rates.
Moreover, they found it is unnecessary to continue
LPS up to 10 wk of pregnancy (5).
A systematic review conducted in 2019
explained that breaking up progesterone products
in fresh IVF cycles with an HCG trigger after
a positive HCG test can have a limited effect
on pregnancy outcomes (7). Consequently,
available evidence recommends that continuing
progesterone products after the first positive
pregnancy test is not necessary (14). The ESHRE
guidelines recommend that LPS should be
administered at least until the day of the pregnancy
test (39).

7. Conclusion
It is well-known that LPS is a vital component
in IVF cycles and several protocols have been
suggested. However, there is still a debate about
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the best supplement, time for starting, route,
and duration of LPS. The key factor is the
personalization of treatment according to the
patient’s characteristics. This approach can help
to optimize outcomes with the least side effects.
Choosing a suitable LPS is very important in
GnRH-a trigger cycles. More studies are needed
to determine the optimal route and dosage for
achieving successful outcomes.
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