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Abstract
Purpose: Adding dydrogesterone (DYD) to vaginal micronized progesterone (VMP) and
postponing embryo transfer in order to improve outcomes in patients with low progesterone (P)
levels in hormonally substituted cycles prior to frozen/thawed embryo transfer (FET).
Methods: Endometrial preparation comprised sequential administration of vaginal estradiol
until endometrial thickness reached 7 mm, followed by transdermal estradiol combined with 800
mg/day VMP. Our previous analysis of serum P levels on FET day showed that the optimal P
level was > 11 ng/mL for live birth. Serum P was measured on day1 (D1) following exogenous
VMP introduction in the evening. When P levels were > 11 ng/mL, FET was performed “in phase”
on day-2, day-3, or day-5 depending on embryo stage at cryopreservation (n = 139 cycles).
When P levels were < 11 ng/mL, DYD 10 mg three times a day orally, was added to VMP and
FET was postponed by one day (n = 237 cycles, 63%). The primary endpoint was the comparison
of live birth rates (LBR) between the two groups.
Results: Mean serum P level on D1 was 10.2 + 3.7 ng/mL. Characteristics of patients in
both groups were similar for age, body mass index, endometrial thickness prior to P introduction,
quality of transferred embryos, and embryo transfer stage. Regarding the primary endpoint, LBR
was similar between the VMP+DYD group and the VMP group (26.1% vs. 27.3%, NS).
Conclusion: These results suggest that adding DYD to VMP and postponing the transfer in
patients with low P levels in hormonally substituted FET cycles might optimize outcomes.

Introduction
Over the past decade, frozen embryo transfer (FET) has
become the most prevalent procedure in modern assisted
reproductive techniques (ART). This evolution is related
to several concomitant factors: i) the development of the
vitri ication technique for embryo cryopreservation with
https://doi.org/10.29328/journal.cjog.1001103

increased survival rates [1] and reassuring safety data [2],
ii) introduction of elective single embryo transfer policy in
most ART centers, iii) raising strategy of freeze-all to prevent
ovarian hyperstimulation syndrome and to avoid adverse
effects of ovarian stimulation on endometrial receptivity
[3] and iv) increasing popularity of preimplantation genetic
testing.
www.obstetricgynecoljournal.com
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Currently, no consensus exists on the optimal method of
endometrial preparation prior to FET in normal-ovulatory
patients. Indeed, no difference was reported in terms of
clinical pregnancy rates or live birth rates (LBR) between
endometrial preparation by natural cycle, mildly stimulated
cycle, or hormonal replacement therapy (HRT) [4–6].
However, endometrial preparation with HRT is the most
used worldwide since it enables centers to schedule FET
more conveniently. Nevertheless, the most recent Cochrane
systematic review showed low-quality evidence that LBR
might be decreased in arti icial cycles compared to stimulated
cycles [7]. This suggests that there is room for improvement
in endometrial preparation to ensure an optimal synchronization between endometrium and embryo.
In HRT cycles, endometrial receptivity seems to be
related to both the duration and the dose of P exposure
after adequate estrogen impregnation. Exogenous P can be
administered orally, vaginally, rectally, subcutaneously,
or intramuscularly. The vaginal route of P administration
appears to be the method of choice in terms of effectiveness
and side effects compared to the intramuscular route [8–11].
Furthermore, uterine P concentrations are ten times higher
than serum levels using the vaginal route, known as the “ irst
uterine pass” [12]. Finally, vaginal administration allows for
rapid P absorption in a few hours and achievement of serum
steady state within 24 hours [13-15]. Nevertheless, great
inter-individual variability is constantly reported and this
discrepancy might be the consequence of variations in vaginal
absorption or bioavailability.
Although the monitoring of serum P levels is not performed
in routine practice in FET cycles with vaginal P administration,
recent evidence shows that serum P levels have an impact
on outcomes. Indeed, it has been reported that low P levels
around the day of embryo transfer [16–21] or on the day of
pregnancy test [22–24] and in fact, all across the luteal phase
[25], were associated with signi icantly decreased ongoing
pregnancy or LBR. Currently, the optimal serum P threshold
is not consensual. The minimal optimal serum P - value
following vaginal administration of P seems to be between
8.8 and 15 ng/mL. According to these studies, P levels below
the minimal threshold effect from a quarter up to half of the
patients receiving vaginal P administration and seems to be
a reproducible phenomenon from one cycle to another in a
single patient [26,27]. On the other hand, a P ceiling not to
surpass optimal results was reported only with high doses
of vaginal P [16] or combined vaginal and rectal routes of P
administration [28].
Despite the established negative impact of low P levels
on outcomes in FET, the optimal threshold and timing of
P measurement and the different treatment strategies to
overcome this issue in case of low P levels remain to be
determined. In our irst study [19], increasing the vaginal
P dose to 1200 mg/day if P levels were below 10 ng/mL at
https://doi.org/10.29328/journal.cjog.1001103

the time of transfer seemed ineffective to improve outcomes.
Conversely, adding P via SC or IM route on the day of blastocyst
transfer or the day before has been tested successfully [29-31].
This discrepancy could arise from the limited absorption
of P by the vaginal route while the parenteral route quickly
increases serum P concentrations to high levels. As the daily
IM route of P was not available in our country and the SC route
was at the inancial charge of patients, another alternative
was the adjunction of oral P in the form of dydrogesterone
(DYD). DYD is an oral retroprogesterone, a selective
P receptor agonist, having a lower af inity for androgen and
glucocorticoid receptors [32] and a better oral bioavailability
compared with oral micronized P [33]. Although it was shown
to be non-inferior to vaginal P at the dose of 30 mg/day in
fresh embryo transfers [34–38], limited data were available
concerning its use in HRT FET cycles [39,40].
Under the assumption that an optimal P window,
characterized by minimum P levels during a certain time,
is necessary to optimize embryo implantation, we tried to
measure P as sooner as possible, i.e. one day after initiation of
treatment according to previously described pharmacokinetic
studies. In our experience of serum P measurement in HRT
cycles, we indeed observed similar mean serum P levels
measured on day 2 of VMP administration in a mock cycle
prior to oocyte donation [27] and on the ET day in FET cycles
[19]. Therefore, our routine HRT protocol was modi ied by
measuring P levels the day after initiation of VMP in order to
adjust P treatment and timing of ET in patients according to
measured P level. In patients with normal P levels, VMP was
continued at the same dose and FET was performed “in phase”
depending on embryo stage at cryopreservation. In patients
with low P levels, DYD was added to VMP and embryo transfer
was postponed by one day. The aim of the present study
was to determine if this new protocol improved outcomes
in patients with low P levels using HRT for endometrial
preparation prior to FET.

Material and methods
Patients
This study was conducted in the Department of
Reproductive Medicine of Jean-Verdier University Hospital,
France. All patients undergoing FET with HRT for endometrial
preparation with Vaginal P only from November 9th, 2018 to
March 19th, 2020 were included. Embryos obtained from
oocyte donation or in vitro maturation oocytes were excluded.
Study design
We conducted a retrospective analysis of data collected
during this period. Data were extracted from electronic
patient iles. Patient characteristics recorded were age, body
mass index (BMI), HRT cycle parameters, biological data,
and outcomes. The primary endpoint was the comparison of
LBR between patients with normal P levels with “in phase”
www.obstetricgynecoljournal.com
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transfers and patients with low P levels supplemented by DYD
with postponed transfers. Secondary outcomes were: positive
pregnancy test, fetal heartbeat on ultrasound at 6-8 weeks
(clinical pregnancy), ongoing pregnancy rate at 12 weeks,
mean delivery term (weeks of gestation (WG)), and mean
birth weight (g). This retrospective study received approval
from an institutional review board on 2 July 2020.
Protocol of endometrial preparation
Vaginal estrogen administration (Provames® Merus
Labs Luxco, Luxembourg, Luxembourg)1mg twice a day
was started on the irst day of a natural menstrual cycle
(without previous down-regulation with GnRH agonist).
After 10 to 12 days of treatment, monitoring was performed
by blood sample to measure estradiol (E2), P, and LH
levels, and by vaginal ultrasound to assess endometrial
thickness. If endometrial thickness was < 7 mm, estrogen
supplementation was prolonged up to adequate endometrium
or the cycle was canceled. If endometrial thickness was ≥ 7
mm with a triple-line pattern and serum P levels were lower
than 1.5 ng/mL, vaginal micronized P (Progestan® Besins
international, Montrouge, France) 400 mg twice a day was
initiated in the evening (day-0 of P administration D0) and
estrogen administration was switched from the vaginal to
the transdermal route (Vivelledot® Novartis Pharma, RueilMalmaison, France) 100 μg patch x 2 every three days. Serum
P was measured in the morning (between 7h 30 and 8h 30)
on the day following exogenous P introduction (day-1 of P
administration, D1) after two vaginal intakes, 1 at bedtime
and 1 at sunrise.

Our previous receiver operating characteristic (ROC) curve
of serum P levels on FET day showed that the optimal P level
was 13 ng/mL to maximize sensitivity and speci icity for live
birth [19]. However, since P levels on D1 after P administration
were on average 2 ng/mL lower than the following days (D2
of P administration or on FET day), we opted for a P threshold
at 11 ng/mL. When P levels were ≥ 11 ng/mL, FET was
performed on day 2 (D2) of progesterone administration for
day-2 embryos, on day 3 (D3) for day-3 embryos, and on day
5 (D5) for blastocysts. When P levels were < 11 ng/mL, DYD
(Duphaston® Mylan medical, Paris, France) 10 mg 3 times a
day orally was added to vaginal P and FET was postponed by
one day (Figure 1).
Serum hormonal measurement
Hormonal measurements were carried out using
commercially available chemo-luminescence immunoassays
with an automated Elecsys immune analyzer (ECLIA, Roche
Diagnostics, Meylan, France). The sensitivity of the assay was
5 pg/ml for E2, 0.03 ng/ml for P, and 0.07 IU/l for LH. Intraand inter-assay coef icients of variation were respectively 5
and 10% for E2, 3% and 5% for P and 2.3% and 2.6% for LH.
Embryo transfer
Embryos were issued from either in vitro fertilization
(IVF) or intracytoplasmic sperm injection (ICSI) cycles.
Embryos were thawed after vitri ication on day-2, day-3, or
at the blastocyst stage. All embryo transfers were guided by
ultrasound. The number of transferred embryos, embryo
stage, and embryo quality were recorded. Quality was

Figure 1: Endometrial preparation. Provames® is started on the ﬁrst day of a natural menstrual cycle, after 10 days of treatment, a monitoring by blood sample
to measure estradiol (E2), progesterone (P) and LH levels and by vaginal ultrasound is performed. If endometrial thickness was ≥ 7 mm with a triple-line
pattern and serum P levels were lower than 1.5 ng/mL, Progestan® was initiated in the evening (day-0 of P administration D0) and estrogen administration
was switched from the vaginal to the transdermal route (Vivelledot®). Serum P was measured in the morning on the day following exogenous P introduction
after the second vaginal administration (day-1 of P administration, D1). When P levels were ≥ 11 ng/mL, FET was performed on day 2 (D2) of progesterone
administration for day-2 embryos, on day 3 (D3) for day-3 embryos and on day 5 (D5) for blastocysts (group VMP in phase T. When P levels were < 11 ng/mL,
Duphaston® was added to vaginal P and FET was postponed by one day (group DYD+VMP 1 day postponed T).

https://doi.org/10.29328/journal.cjog.1001103
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considered Q+ if at least one embryo of good quality was
transferred. Criteria for Q+ quality were the presence of 3 to
5 blastomeres cells without fragmentation (type A) for day-2
embryos, the presence of 6 to 10 blastomeres cells without
fragmentation, or less than 20% fragmentation (type A and B)
according to the Holte classi ication for day-3 embryos [40].
Criteria for Q+ quality for blastocyst were embryos classi ied
B4-B5-B6 and AA, AB, BB (expanded to hatched blastocyst,
and quality A or B for inner cell mass and trophectoderm)
according to the Gardner classi ication [42].
Statistical analysis
Outcomes of FET were compared between patients with
“in phase” transfers and patients who received additional
DYD and whose transfer was postponed. Results from the
descriptive analysis were expressed as mean ± SD in tables.
Analyses were performed using Pearson chi-square tests
for nominal variables and Student T-tests for continuous
variables. A P - value < 0.05 was considered statistically
signi icant. Analyses were performed with StatView (Abacus
Concepts, Berkeley, CA, USA).

Mean serum P level on D1 was 10.2 + 3.7 ng/mL (range 2.625.3 ng/ml) (Figure 3). Mean P level in the group VMP+DYD
1 day postponed T was 8 + 1.9 ng/mL and in the group VMP
in phase T 13.9 + 2.9 ng/mL (P < 0.0001). Serum E2 levels
were also signi icantly lower in patients with P < 11 ng/
mL (group VMP+DYD 1 day postponed T) both after vaginal
administration (prior to P introduction) (1241 + 714 vs.
1431 + 730 pg/mL, P = 0.014) and after transdermal administration (after introduction of P) (287 + 226 vs. 392 + 355 pg/
mL, P = 0.005) (Table 1).
Regarding the primary endpoint, this protocol led to a
similar LBR between the group VMP+DYD 1 day postponed
and the group VMP in phase T (26.1 vs. 27.3%, NS) (Table 2).

Results

Concerning secondary endpoints, no difference between
the group VMP+DYD 1 day postponed and the group VMP in
phase T was found in terms of positive pregnancy tests (44.3 vs.
38.1%, NS), clinical pregnancy (29.1 vs. 28.8%, NS), or ongoing
pregnancy rates at 12 weeks (27.0 vs. 28.1%, NS). While there
was no signi icant difference in the term of delivery between
the two groups, the birth weight of singletons was signi icantly
higher in the group VMP+DYD 1 day postponed T (Table 2).

417 cycles of FET with HRT were performed from
November 9th, 2018 to March 19th, 2020. Cycles were excluded
in the case of oocyte donation (n = 17), in vitro maturation
oocytes (n = 3), use of subcutaneous P (n = 12), or missing
P measurement (n = 9). The inal analysis included 376 cycles
(314 patients) (Figure 2).

In order to ensure that dydrogesterone supplementation
was effective in patients with P levels lower than the 25th
percentile of P levels (7.7 ng/mL), outcomes among patients
with P levels < 11 ng/mL were compared according to this
threshold and they did not signi icantly differ (Table 3).

DYD was added to vaginal micronized P (VMP) in 237
cycles (group VMP+DYD 1 day postponed T). The outcome of
these 237 cycles were compared to the outcome of cycles with
P > 11 ng/ml on D1 that received VMP only and subsequent “in
phase” transfers (group VMP in phase T, 139 cycles) (Table 1).
Characteristics of patients in both groups were similar
for age, BMI, P levels, and endometrial thickness prior to
P introduction, embryo transfer stage, and proportion of
good quality embryos (Table 1). However, a slightly but
signi icantly lower number of embryos were transferred in
the group VMP+DYD 1 day postponed T (1.4 + 0.5 vs. 1.5 + 0.6,
P = 0.008), in relation with a slightly lower number of
blastocysts transferred (1.3 + 0.5 vs. 1.4 + 0.5, P = 0.013).

Discussion
The present study shows that the adjunction of oral P,
DYD, associated with the postponement of FET by one day
might optimize the outcome of patients with low P levels in
HRT-FET cycles and avoid the cancellation of a large number
of cycles in case of low P level. Indeed, despite a slightly
lower number of transferred embryos, the outcome of FET
was similar in patients with low P levels supplemented with
DYD with subsequent embryo transfer postponed by 1 day
compared to patients with normal P levels and “in phase”

417 cycles of FET with HRT were
identified from November 9th, 2018 to
March 19th, 2020
41 Cycles were excluded :
-

Oocyte donation (n=17)
In vitro maturation oocytes (n=3)
Use subcutaneous P (n=12)
Missing P measurement (n=9)

376 cycles were included

Figure 2: Flowchart. FET: Frozen Embryo Transfer; HRT: Hormonal Replacement
Therapy; P: Progesterone.

https://doi.org/10.29328/journal.cjog.1001103

Figure 3: Histogram of P level on day 1 of vaginal micronized P administration (ng/
mL) in the total population. P: Progesterone.
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Table 1: Characteristics of patients, FET cycles according to « VMP+DYD 1 day postponed transfer » or « VMP in phase transfer ».
VMP In phase T (n = 139)
Mean (+ SD) or N (%)

VMP+DYD 1 day postponed T (n = 237)
Mean (+ SD) or N (%)

P

Patients
Age (y)
BMI (kg/m²)

34.0 + 4.9
25.1 + 4.3

34.1 + 4 .9
24.8 + 4.8

NS
NS

Prior to P introduction
E2 (pg/mL)
P (ng/mL)
Endometrium (mm)

1431 + 730
0.2 + 0.2
9.7 + 2.1

1241 + 714
0.2 + 0.2
9.7 + 2.2

0.014
NS
NS

D1 post P introduction
P (ng/mL)
E2 (pg/mL)

13.9 + 2.9
392 + 355

8 + 1.9
287 + 226

0.0001
0.0005

ET
Embryo number (n)
D2/ D3/blastocysts n
(%)
Good quality embryos

1.5 + 0.6
7/45/87
(5/32.4/62.6)
95/139 (68.3 %)

1.4 + 0.5
13/60/164
(5.5/25.3/69.2)
175/237 (73.8 %)

0.008

Characteristics

NS
NS

VMP: Vaginal Micronized Progesterone; DYD: Dydrogesterone; T: Transfer; FET: Frozen Embryo Transfer; NS: Non-Signiﬁcant; E2: Oestradiol; P: Progesterone; D1: Day-1
Of Progesterone Administration; D2: Day-2 Of Progesterone Administration; D3: Day-3 Of Progesterone Administration.

Table 2: Outcomes according to « VMP+DYD addition and 1 day postponed transfer » or « VMP in phase T ».
Outcomes

VMP In phase T (n = 139)
N (%)

VMP+DYD 1 day postponed T (n = 237)
N (%)

P

Positive pregnancy test
Clinical pregnancy
Ongoing pregnancy
LBR

53/139 (38.1%)
40/139 (28.8%)
39/139 (28.1%)
38/139 (27.3%)

105/237 (44.3%)
69/237 (29.1%)
64/237 (27.0 %)
62/ 237 (26.1 %)

NS
NS
NS
NS

 Singleton (n)
term (WG)
birth weight (g)

34
36 + 3.8
3062 + 714

57
36.9 + 2.4
3389 + 573

NS
0.019

Twin (n)
term (WG)
birth weight 1 (g)
birth weight 2 (g)

4
31.8 + 4.7
2010 + 802
1949 + 729

5
34.1 + 1.6
2512 + 524
2461 + 494

NS
NS
NS

VMP: Vaginal Micronized Progesterone; DYD: Dydrogesterone; T: Transfer; NS: Non-Signiﬁcant; LBR: Live Birth Rate; WG: Weeks of Gestation.
Table 3: Outcomes between patients with P levels lower or higher than 25th percentile of P levels (7.7 ng/ml) in group VMP+DYD 1 day postponed.
HRT FET

P levels < 25th percentile (n = 91)
N (%)

P levels > 25th percentile (n = 146)
N (%)

p

Positive pregnancy test (%)
Clinical pregnancy (%)
Ongoing pregnancy (%)
Live birth rate (%)

38/91 (41.7)
27/91 (29.7)
26/91 (28.6)
26/91 (28.6)

67/146 (45.9)
42/146 (28.8)
38/146 (26.0)
36/146 (24.7)

NS
NS
NS
NS

P: Progesterone; VMP: Vaginal Micronized Progesterone; DYD: Dydrogesterone

transfers. Hence, DYD seems to be ef icient as a luteal P
support in patients with low P levels following VMP although
delaying embryo transfer could also play a role to overcome
impaired outcomes associated with low P levels.
Previous studies have shown that low P levels following
vaginal administration were associated with signi icantly
decreased ongoing pregnancy or LBR [16–25]. Labarta,
et al. [20] in a large prospective study showed that patients
receiving micronized P need to reach a minimum of 8.8 ng/
ml circulating P level to maintain pregnancy in HRT cycles.
Considering the optimal P threshold determined by ROC or
sensitivity analyses, values ranged from 9.8 to 15 ng/mL (9.8
ng/ml for Maignien, et al. [21]; for 10.4 ng/mL for Labarta,
et al. [20], 10.64 ng/mL for Gaggiotti-Marre, et al. [18]; 11 ng/
mL for Alsbjerg, et al. [23]; 13.5 ng/mL for Cédrin-Durnerin,
et al. [19], 15 ng/mL for Yovich, et al. [16] and Basnayake,
et al. [22]). In contrast, one recent study [43] concluded
that P levels do not in luence outcomes independent of a
https://doi.org/10.29328/journal.cjog.1001103

10 ng/mL threshold, but P doses were adapted in patients
with P levels < 8 ng/mL. About one-third (from 25% up to
more than 50%) of patients receiving vaginal P experienced
low P levels and impaired outcomes. In our study, 63% of
patients with P < 11 ng/mL on day 1 were supplemented with
DYD. This proportion is higher than percentages reported
previously but similar to the proportion of patients (72%)
below the cut-off of 13.5 ng/mL at FET time determined by
ROC curve analysis in our previous study [19]. On the other
hand, deleterious effect of high P values above a certain ceiling
was unfrequently observed with vaginal P and only with high
administered doses (pessaries at 1200 mg daily for Yovich,
et al. [16] and gel 360 mg daily for Alsbjerg, et al. [28]).
In our study, we observed that patients with low P levels
on day 1 of P administration have signi icantly lower E2
levels both after vaginal administration of E2 (prior to P
introduction) and after transcutaneous administration of E2
www.obstetricgynecoljournal.com
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(after P introduction), suggesting a lower absorption of steroid
hormones through cutaneous and mucosal epitheliums. A
recent retrospective cohort study showed that weight, age,
time of blood sampling and a history of low progesterone
are factors associated with progesterone levels before frozen
embryo transfer of blastocysts [26]. Moreover, there was
no signi icant difference in BMI between the two groups.
Conversely, a retrospective study of 707 single euploid frozenwarmed blastocyst transfers reported decreased LBR in case
of high BMI [44].
Since, vaginal P absorption is limited [14], adding P via
another route of administration could be useful to overcome
the negative impact of low P levels. Indeed, Labarta, et al. [29]
irst demonstrated that adjunction of subcutaneous P on the
day of embryo transfer was effective in patients with low
P levels to normalize outcomes. In a recent prospective cohort
[30] and a case-control study [31], individualized luteal phase
support through the addition of subcutaneous P in cases of
low serum P values the day prior to FET similarly resulted in
excellent LBR similarly to women with adequate P levels. It
was also previously reported [45] that adding intramuscular
to vaginal P administration appeared to increase the LBR in
oocyte donation. Results of a recent prospective randomized
study in FET con irmed these data [46]. On the other hand,
systematic combined administration of SC [47] or IM [9]
P to vaginal P optimized serum P levels and weakened the
effects of serum P levels on LBR. However, with systematic
administration of high doses of vaginal and IMP [48], a lower
LBR was reported in patients with P > 32.5 ng/mL suggesting
that P levels have to stay in a window of P levels. Furthermore,
combined P treatments have the disadvantage of both the
burden of daily injections and the cost of treatment for
patients.
DYD is an oral retroprogesterone, a selective P receptor
agonist, simple, well-tolerated, and safe. This treatment
does not need further control of P level since DYD does not
interfere with serum P measurement. Indeed, due to structural
differences between DYD and P, DYD cannot be quanti ied by
tests used in routine to determine progesterone levels [49]).
DYD is used in a variety of indications worldwide such as
recurrent miscarriages, luteal insuf iciency, endometriosis,
or menstrual disorders. It is estimated that 113 million
women and about 20 million fetuses have been exposed
to DYD since 1960 [37]. Compared with oral micronized P,
DYD has a better oral bioavailability [33] and a greater
af inity for P receptors. Therefore, lower oral doses are
required to promote endometrial proliferation [50]. DYD
also has a lower af inity for androgen and glucocorticoid
receptors [32], showing a favorable safety and tolerability
pro ile during pregnancy. Data from prospective studies for
luteal phase support in IVF show that DYD is well tolerated
overall and obtains a higher patient satisfaction compared
to micronized vaginal P [51,52]. Recently, results of Phase
https://doi.org/10.29328/journal.cjog.1001103

III clinical studies comparing DYD (30 mg) to micronized
vaginal P capsules (600 mg) (Lotus I [37]) and DYD (30 mg)
to micronized vaginal P gel (90 mg) (Lotus II [36]) for luteal
support in fresh IVF cycles demonstrated the non-inferiority
of oral DYD. Furthermore, no safety concerns related to DYD
used during early pregnancy were reported. These Phase III
studies showed that the incidence of serious adverse events
and congenital, familial, and genetic disorders were similar
between DYD and micronized vaginal P capsule or gel groups
for luteal phase support. Nevertheless, a retrospective casecontrol study investigating the use of DYD in early pregnancy
to prevent miscarriages reported a positive association between congenital heart malformation and DYD [53]. However,
some biases have to be considered in the interpretation
of these results. Indeed, miscarriages are an important
risk factor for congenital heart defects and the presence
of exposure to DYD was recorded based on the mother’s
declarations. As such, no causal relationship can be af irmed.
In FET cycles, a recent prospective cohort study [54] showed
that systematic addition of DYD (20 mg daily) to VMP led to
higher live birth rates and lower miscarriage rates compared
to VMP alone. It seems therefore that routine prescription of
the association VPM+DYD could be an alternative to serum P
measurement and individualized supplementation. Finally,
DYD alone could be used to supplement arti icial cycles but
limited data are available in arti icial cycles with only two
studies led on relatively small effect. A randomized study [39]
reported comparable pregnancy rates at the dose of 40 mg/
day between DYD and micronized vaginal progesterone at
the dose of 800 mg/day. Conversely, results of another small
randomized study [40] comparing the use of 20 mg/day of
DYD and micronized vaginal group at the dose of 800 mg/day
were disappointing. Therefore, further studies are required
to investigate the ef iciency of luteal phase support by DYD
only in arti icial cycles. The lack of difference in outcomes
of patients supplemented with DYD with P levels lower or
higher than 7.7 ng/mL seems reassuring on the ef icacy of the
dose of 30 mg/day administered in our study. Nevertheless,
the development of a speci ic assay to measure serum DYD
levels would be useful to assess potential variations of biodisponibility between patients.
Despite our study design modifying both P support and
timing of embryo transfer, its retrospective nature, and the
sample size, these results suggest that serum P measurement
prior to ET followed by further addition of DYD to vaginal P
and postponement of transfer might optimize the outcome of
patients with low P levels in hormonally substituted FET cycles.
Further studies are required to assess the optimal timing of
P measurement and optimal threshold of P level according
to the nature of P supplementation in order to personalize
luteal phase replacement in hormonally substituted cycles. A
systematically combined route of administration could also be
a suitable alternative to personalized luteal support.
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