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Infertility is a global health issue, affecting over 10%
of women worldwide [1,2]. Infertility has psychological,
medical and economic implications, resulting in trauma and
stress in couples requiring IVF [3,4]. Many causes of in-
fertility, in both women and men, have to be taken into
account, ranging from daily habits, environmental factors,
infections, hormonal, genetic and anatomical pathologies
[5,6]. Assisted reproductive technologies (ARTs) are com-
monly used globally with several forms of interventions,
which are ever more advanced and attempt to address the
challenges linked to the broad spectrum of infertility in
humans. Treatments include in vitro handling of human
oocytes, spermatozoa, embryos and donors’ gametes or em-
bryos [7–11]. For a pregnancy to occur, endocrinologi-
cal changes during the luteal phase need to be synchro-
nised with endometrial maturation. The period when the
endometrium can receive the embryo is called the window
of implantation. Its individualisation is crucial to improv-
ing pregnancy rates.

Endogenous luteal phase support is impaired in IVF
cycles and exogenous supplementation is mandatory [12–
14]. After the ovulation trigger with hCG, a supraphysio-
logical and rapid rise in progesterone occurs four days after
oocyte retrieval and falls on the sixth day after oocyte pick-
up, just before the opening of the implantation window. Af-
ter the GnRH agonist trigger, progesterone growth reaches
an almost physiological concentration, but a complete and
irreversible luteolysis takes place within five days [15].

Studies conducted on the luteal phase support after
GnRH antagonist trigger help us to comprehend the cen-
tral role of serum progesterone concentration in the luteal
phase and its importance on the implantation window and
the reproductive outcome: a very low level of mid-luteal
serum progesterone (OPU + 7 days) [16] is related to a very
high percentage of pregnancy losses (79%). In the follow-
ing studies, the authors attempt to prove that, by adding low
doses of hCG, corpora lutea are recovered [17,18]. An in-
crease in serum progesterone improves clinical pregnancy
rates (CPR) and reduces pregnancy loss rates.

In the case, where luteal serum progesterone could
predict pregnancy, as Thomsen et al. [19] reported in a
prospective study of 602 IVF/ICSI cycles: 40% of patients

had a reduced probability of a positive reproductive out-
come below and above a mid-luteal serum progesterone of
150–250 nmol/L (47–79 ng/mL).

Similarly, low serum progesterone levels (<8.8
ng/mL) on the day of embryo transfer in the frozen artificial
cycles have been related to a negative impact on pregnancy
outcomes when using micronized vaginal progesterone, in
both the donated egg and the subject’s oocytes [20,21]. In a
retrospective study, Kofinas et al. [22] find comparable re-
sults, supplementing the luteal phase utilising intramuscular
progesterone: progesterone level on the ET day below 20
ng/dL may cause a significantly lower ongoing pregnancy
rate (OPR) and live birth rate (LBR). There is also a signif-
icant decrease in OPR and LBR when progesterone crosses
the 40 ng/mL.

The role of luteal progesterone during the implanta-
tion period is important, but we still do not know the exact
mechanism of its action. To better understand the concept,
two different studies are relevant. Young et al. [23] have
focused their attention on secretory endometrial histology
and endometrial gene expression in patients who received
different doses of intramuscular progesterone (2.5; 5; 10 or
40 mg) over a period of 10 days, compared to ovulatory
control patients. Serum progesterone is also measured at
its peak (2–3 h after injection) and trough (1–2 h before in-
jection) on two separate occasions between 3 and 10 days
of progesterone treatment: only patients with higher serum
progesterone level (belonging to the 40 mg group) express
an endometrial dating, comparable to natural cycle control
women, while adequate histology is seen in all groups, ex-
cept for those with lower progesterone (2.5 mg). These
findings support the hypothesis that serum progesterone is
the best marker of endometrial receptivity. Whether this
receptivity is gained due to a direct effect on endometrium
or systemically, is the subject of a recent study [24]: 79
patients underwent endometrial preparation with valerate
oestradiol from day 1 or 2 and vaginal progesterone when
endometrium reaches a thickness of 6.5 mm. After five
days of progesterone supplementation, a blood sample and
an endometrial biopsy are collected. Measurements include
serum progesterone, ERA test for the evaluation of endome-
trial receptivity and endometrial progesterone, with 17 hy-
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droxyprogesterone, oestrone and oestradiol. Surprisingly,
no relationship between serum progesterone and endome-
trial receptivity (ERA test) is observed, while endome-
trial progesterone and 17 hydroxyprogesterone are related
to the ERA test. Serum progesterone levels seem to be
crucial in supporting and helping gestation, through im-
munological adaptation systems, while endometrial proges-
terone ensures its receptivity. Different ways of admin-
istration establish very different concentrations of serum
progesterone [25,26], due to a reaction to pharmacokinetic
effects, such as absorption, distribution, metabolism and
excretion. Vaginal administration of progesterone results
in higher concentrations of the drug in the uterine tissue,
through some form of a direct transport mechanism, named
“first uterine pass effect” [27]. The greatest tissue con-
centration corresponds to a lower serum circulating pro-
gesterone level, while intramuscular administration leads
to optimal plasma concentrations. It is noteworthy that in
the study by Young et al. [23], progesterone is adminis-
tered intramuscularly, while in the study by Labarta et al.
[24], it is only administered vaginally: this could highlight
an important role for the mode of administration, not just
for serum progesterone concentration. It opens the possi-
bility that two administration ways (e.g., vaginal and s.c.
or i.m) are better than one (e.g., vaginal). Moreover, we
do not know whether progesterone administered systemi-
cally (e.g., intramuscular or subcutaneous) implies a cor-
relation between endometrial progesterone, serum proges-
terone and endometrial genes, nor if the serum progesterone
cut-off level might be different depending on the mode of
administration.

The detection of all these mechanisms and the identi-
fication of the different ranges and cut-offs of serum pro-
gesterone might have a big impact on our daily practice by
simply performing a blood test. Labarta et al. [28] and
Cédrin-Durnerin [29] have proved a normalisation of OPR
and LBR, giving additional progesterone in FRET cycles.
The implications of these results will encourage us to con-
sider how tailored treatments are the best option for a sub-
group of patients.
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