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Abstract Objective To determine whether a rescue strategy using dydrogesterone (DYD) could

improve the outcomes of frozen embryo transfer cycles (FET) with low progesterone
(P4) levels on the day of a blastocyst transfer.
Methods Retrospective cohort study including FET cycles performed between
July 2019 and October 2020 following an artificial endometrial preparation cycle using
estradiol valerate and micronized vaginal P4 (400 mg twice daily). Whenever the serum
P4 value was below 10 ng/mL on the morning of the planned transfer, DYD 10 mg three
times a day was added as supplementation. The primary endpoint was ongoing
pregnancy beyond 10 weeks. The sample was subdivided into two groups according
to serum P4 on the day of FET: low (< 10 ng/mL, with DYD supplementation) or normal
(above 10 ng/mL). We performed linear or logistic generalized estimating equations
(GEE), as appropriate.

Keywords Results We analyzed 304 FET cycles from 241 couples, 11.8% (n=36) of which had
= dydrogesterone serum P4 below 10ng/mL on the FET day. Baseline clinical data of patients was
= frozen embryo comparable between the study groups.

transfer Overall, 191 cycles (62.8%) had a biochemical pregnancy, of which 131 (44,1%) were
= artificial cycle ongoing pregnancies, with a 29,8% miscarriage rate. We found no statistically

= assisted reproductive  significant differences in the hCG positive (63 vs 64%) or ongoing pregnancy rates
technology outcomes (50 vs 43,3%) between those FETs with low or normal serum P4 values, even after

= |uteal phase multivariable logistic regression modelling.
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Resumo

Descritores
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Introduction
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Conclusion Our results indicate that DYD 10 mg three times a day administered in
women who perform FET with P4 serum levels < 10 ng/mL, allows this group to have
pregnancy rates beyond 12 weeks at least as good as those with serum levels above
10 ng/mL.

Objetivo Determinar se uma estratégia de resgate usando didrogesterona (DYD)
pode melhorar os resultados dos ciclos de transferéncia de embrides congelados (TEC)
com baixos niveis de progesterona (P4) no dia de uma transferéncia de blastocisto.
Métodos Estudo de coorte retrospectivo que incluiu ciclos TEC realizados entre julho
de 2019 e outubro de 2020 apds um ciclo de preparagao endometrial artificial usando
valerato de estradiol e P4 vaginal micronizado (400 mg duas vezes ao dia). Sempre que
o valor de P4 sérico estava abaixo de 10 ng/mL na manha da transferéncia planejada,
adicionou-se 10 mg de DYD tri-diario como suplementa¢do. O desfecho primario foi
gravidez evolutiva ap6s 10 semanas. A amostra foi subdividida em dois grupos de
acordo com o P4 sérico no dia da TEC: baixo (< 10 ng/mL, com suplementagdo de DYD)
ou normal (acima de 10 ng/mL). Realizamos equacdes de estimativa generalizada linear
ou logistica (GEE), conforme apropriado.

Resultados Analisaram-se 304 ciclos de FET de 241 casais, dos quais 11,8% (n =36)
tinham valores de P4 sérico abaixo de 10 ng/mL no dia da TEC. Os dados clinicos e
demograficos dos pacientes eram comparaveis entre os grupos.

Globalmente, 191 ciclos (62,8%) tiveram uma gravidez bioquimica, dos quais 131
(44,1%) foram gestacoes em curso, com uma taxa de aborto espontaneo de 29,8%. Nao
encontramos diferencas estatisticamente significativas na taxa de gravidez bioquimica
(63 vs. 64%) ou nas taxas de gravidez evolutiva (50 vs. 43,3%) entre TEC com valores
séricos de P4 baixos ou normais, mesmo apés modelacdo com regressao logistica
multivariavel.

Conclusao Nossos resultados indicam que a suplementagdao com DYD 10 mg trés
vezes ao dia em mulheres com niveis séricos de P4 abaixo de 10 ng/mL em ciclos de TEC
substituidos parecem consequir resultados pelo menos tdo bons como nos ciclos com
valores superiores para taxas de gravidez em curso além de 12 semanas.

sively studied, with neither showing superiority over the
other in terms of pregnancy outcomes.'® Although the vagi-

Frozen embryo transfers (FETs) have increased considerably
over the past decade.! Endometrial preparation in FETs can
be achieved in natural, modified, or artificial cycles, but up to
now there is no recommended evidence to support one
protocol over another.2™* Nonetheless, some evidence is
building on the benefits of the corpus luteum, especially
its influence on neonates’ size, and its ability to reduce
hypertensive disorders in pregnancy.’~’

In hormone-substituted cycles for FET, the administration
of exogenous progesterone (P4) after estrogen priming plays
a fundamental role in the secretory transformation of the
endometrium, given the absence of any endogenous produc-
tion of P4 by the corpus luteum,? or placenta, until at least
the 7™ to 9™ week of gestation.®°

In FET cycles, estradiol is often given in patches, oral, or
vaginal pills, while exogenous P4 may be administered orally,
vaginally, subcutaneously, or intramuscularly. The vaginal
and intramuscularly administration have both been exten-
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nal route is often preferred,’'? many have advocated the
need for serum P4 monitoring during these FET cycles given
that the absorption and metabolization in each patient is
very variable.'>~'®> More recently, the oral route has also been
evaluated as a potentially noninferior alternative, at least
when used in fresh embryo transfers.'%1617

During the last years, several retrospective and prospec-
tive studies have demonstrated a relationship between low
serum P4 levels on the day of embryo transfer and a reduc-
tion in ongoing and delivery rates.'>418-23 In such cases,
researchers have advocated the use of enhanced P4 “rescue”
strategies, although evidence of the benefit of such an
approach is currently lacking.

Dydrogesterone (DYD) is an orally administered synthetic
molecule. Despite having a bioavailability lower than 10%
following first hepatic passage,'” it is still significantly more
active than orally administered micronized P4, given its high
selectivity for the P4 receptor,>#%° allowing it to be used in
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much lower doses with lesser side effects.>?® The active
metabolite of DYD is 20-alpha-dihydrodydrogesterone,
which has a half-life of up to 17 hours, with no additional
agonist or antagonist activity in other receptors. That said,
the main drawback of this drug is the difficulty of monitoring
serum 20-alpha-dihydrodydrogesterone levels.?

We sought to determine whether a rescue strategy with
DYD starting immediately after a blastocyst transfer could
improve the outcome of FET cycles with low P4 values on the
day of a blastocyst transfer.

Methods

This was a retrospective study conducted at the Centro de
Infertilidade e Reproducdo Medicamente Assistida (CIRMA)
between July 2019 and October 2020. We included only FET
cycles in women aged between 18 and 40 years who trans-
ferred 1 or 2 frozen blastocysts with an expansion degree
equal to or greater than 2 and with a grade 1 or 2 internal cell
mass and trophectoderm (Istanbul Consensus, 2011)27 in a
hormone-substituted cycle.

Patients with an endometrial thickness below 6 mm prior
to P4 administration, untreated endocavitary disease, uncor-
rected Miillerian anomaly, or those who were demonstrated
to have serum P4 values below 3 ng/mL on the day of embryo
transfer (n=2) were excluded from analysis.

The study was approved by the local Institutional Review
Board.

On the second day of a spontaneous or post-pill menstrual
cycle, patients started estradiol (Zumenon, Bayer Portugal,
SA., Carnaxide, Portugal) at a dose of 2 mg every 12 hours
vaginally, with the first transvaginal ultrasound control
being performed 12 to 20 days later. If the endometrial
thickness was over 6 mm, with resting ovaries, patients
started vaginal administration of P4 (Progeffik, Laboratérios
Effik, Algés, Portugal) at a dose of 400 mg every 12 hours
starting on the following morning. Whenever necessary,
luteinizing hormone (LH) and P4 serum assessments were
performed in order to exclude the occurrence of spontaneous
ovulation prior to starting exogenous P4 administration.

Another serum P4 assay was performed on the morning of
the transfer after the 11*" vaginal P4 administration. When-
ever the P4 value was below 10ng/mL, 10mg of DYD
(Duphaston, BGP products LTD., Lisboa, Portugal) three times
a day was started and maintained until at least 8 weeks of
pregnancy. The cut-off used for DYD administration was set
according to a previous evaluation of our own population,
which corresponds to 11.5% of the pool of the cycles.?® In this
cohort women with lower progesterone levels had a trend
towards lower delivery rates (26 vs. 39%; p > 0.05).

A maximum of two good quality blastocysts (ALPHA
group) were warmed according to the following protocol:
the Cryotop straw (Kitazato Corp., Shizuoka, Japan) was
removed from liquid nitrogen and immediately submerged
in 300ul thawing solution (Kitazato Corp., Shizuoka, Japan),
previously heated to 37°C. After 1 minute, the embryos were
placed in a 60pl drop of diluent solution (Kitazato Corp.,
Shizuoka, Japan) for 3 minutes at room temperature. Finally,
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the embryos were placed in a 60ul drop of washing solution
(Kitazato Corp., Shizuoka, Japan) for 5minutes at room
temperature, and then washed for 1minute in another
drop of 60ul washing solution at room temperature. They
were then placed into 30ul drops of Sequential Blast medium
(CooperSurgical Fertility Solutions, Malgv, Denmark) and
covered with Liquid Paraffin (CooperSurgical Fertility Sol-
utions, Malgv, Denmark), where they remained for at least
2 hours prior to transfer.

Embryo transfers were routinely performed under ultra-
sound guidance using either Cook or Wallace embryo cath-
eters introduced until passing the middle of the endometrial
cavity, where the embryos were later deposited. The B-HCG
test was performed 9 to 12 days after the transfer and, in
those who conceived, estradiol and DYD was maintained
until at least until the 8" week of pregnancy and vaginal
progesterone until the 10™" week.

The P4 hormone assays were performed using the electro-
chemiluminescence (ECLIA) and the Cobas 8000 Roche Diag-
nostics (Hoffmann-La Roche AG., Switzerland) equipment in
the morning (between 9-11 am).

A hCG positive pregnancy was diagnosed in all cycles with
a serum B-HCG value >10IU/L. Meanwhile, an ongoing
pregnancy was defined as the presence of at least one
embryo with heart beating detected after the 12" week of
pregnancy. Miscarriage was defined as hCG positive preg-
nancy that did not go beyond the 12" week.

Cycles with progesterone values below 10ng/mL were
compared with those above. The following variables were
subject to comparative statistical analysis between the
study groups: female and male age on the day of the
oocyte retrieval, female age on the FET day, infertility
duration, female weight, female body mass index (BMI),
female and male smoking habits, female and male ethnici-
ty, serum anti-Miillerian hormone (AMH) values, antral
follicle count (AFC), total dose of gonadotropins used in the
IVF/ICSI cycle, number of oocytes collected and used,
number of embryos obtained, blastocyst development
day (D5 or D6), number of transferred embryos, FET
rank, endometrial thickness prior to FET, and serum P4
value on the day of FET.

Using the Statistical Package Social Sciences (SPSS, IBM
Corp., Armonk, NY, USA) software version 22.0, we per-
formed linear or logistic generalized estimating equations
(GEE), as appropriate, in order to account for the inclusion of
more than one FET cycle performed by the same patient.?® A
p-value below < 0.05 was considered statistically significant.

Finally, for the outcome ongoing pregnancy, we also
performed multivariable GEE in order to account for poten-
tial confounding factors, with all variables in which the
univariable model presented a p <0.15 being included in
the final multivariable model.

Results

Overall, a total of 304 cycles from 241 couples were
included. There was a total of 191 (62.8%) pregnancies, of
which 131 (44.1%) were ongoing pregnancies, with a 29.8%
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miscarriage rate. Among these, 36 (11.5%) had P4 levels
below 10 ng/mL on the day of FET and, hence, were admin-
istered DYD 10 mg three times a day in addition to vaginal
micronized P4. These were compared with cycles with

progesterone > 10 ng/mL.

Metello et al.

Comparison of the Cycles with and without DYD
Supplementation
~Table 1 shows the baseline clinical data of patients accord-
ing to serum progesterone levels on the day of embryo

transfer. Overall, women with serum P4 levels < 10 ng/mL

Table 1. Baseline characteristics of both groups according to the progesterone value on the day of embryo transfer > or < than

10 ng/mL

Progesterone > 10 ng/mL Progesterone < 10 ng/mL (n=36) p-value

(n=268)
Female age at pickup (years), mean +SD 341+3.6 33.8+3.5 0.64
Female age at FET (years), mean +SD 35.0+3.6 34.4+3.6 0.40
Infertility duration (months), mean +SD 60.1430.2 (n=265)" 65.54+34.0 0.40
Endometrium thickness (mm), mean 4 SD 9.74+1.8 (n=253)" 9.8+ 1.7 (n=30)" 0.79
Female weight (kg), mean 4 SD 63.2+12.7 69.5+14.4 0.03
Female BMI (kg/m?), mean = SD 24.1+4.7 25.8+5.5 0.10
Male age at pickup (years), mean & SD 36.0 £4.5 (n=265)" 37.5+7.4 0.30
AMH (ng/mL), mean +SD 3.7 +£3.7 (n=264)" 434+4.2 (n=35)" 0.42
AFC, mean £SD 18.7 £9.8 (n=263)" 20.2+11.8 0.49
Gonadotrophins dose (Ul), mean 4+ SD 2606.3 +814.5 2626.9 +793.5 0.88
Oocytes collected, mean £SD 15.5+8.2 15.8+£7.0 0.82
Oocytes used, mean £ SD 143+7.4 14.8+£6.6 0.66
2PN, mean £SD 9.8+£5.7 8.9+4.7 0.30
Female smoking 0.06

Never
Current/past
Male smoking
Never
Current/past
Female race
Non-Caucasian
Caucasian
Male race
Non-Caucasian
Caucasian
FET rank
1
2
3
4
5
Transfer day
Day 5
Day 6
Number of embryos transferred
1
2

144 (53.7%)
124 (46.3%)

108 (40.8%)
157 (59.2%)

32 (11.9%)
236 (88.1%)

29 (10.9%)
236 (89.1%)

180 (67.2%)
67 (25.0%)
15 (5.6%)

5 (1.9%)
1(0.4%)

216 (80.6%)
52 (19.4%)

213 (79.5%)
55 (20.5%)

26 (72.2%)
10 (27.8%)

16 (44.4%)
20 (55.6%)

3(8.3%)
33 (91.7%)

3(8.3%)
33 (91.7%)

25 (69.4%)
9 (25.0%)

2 (5.6%)
0 (0.0%)
0 (0.0%)
30 (83.3%)
6 (16.7%)

28 (77.8%)
8 (22.2%)

0.69

0.54

0.65

0.71

0.70

0.81

Abbreviations: 2PN, two-pronuclear zygote; AFC, antral follicle count; AMH, anti-Millerian hormone; BMI, body mass index; FET, frozen embryo
transfer; SD, standard deviation. Notes: * Excluded cases with missing values.
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weighed more. There were no other statistically significant
differences between the study groups amongst the other
variables evaluated.

Clinical Outcomes According to the Progesterone
Values and DYD administration

~Figure 1 shows the outcomes according to the groups:
progesterone < 10ng/mL with DYD addition versus
progesterone > 10 ng/mL. No statistically significant differ-
ences were found concerning biochemical pregnancy (64 vs

Metello et al.

63%; p=0.889), ongoing pregnancy (50 vs 43%; p=0.446),
and miscarriage (22 vs 31%; p=0.365) rates.

Clinical Outcomes According to Progesterone
Distribution

The P4 serum concentration on the day of the embryo
transfer varied between 4.4 and 32.3 ng/mL, with an average
of 14.7 ng/mL. =Figure 2 shows a sensitivity analysis with
the distribution and outcomes according to different P4
intervals (presented in regular intervals of 2 ng/mL).

Outcomes according to the progesterone value and medication with

didrogesterone
70%
’ 64% 63%
60%
50%
50%
43%
40%
31%
30%
22%
20%
10%
0%
Biochemical pregnancy Ongoing pregnancy Miscarriage

m progesterone <10 ng/ml + DYD

m progesterone = 10 ng/ml

Outcomes according to the groups: progesterone < 10 ng/mL with addition of DYD three times a day versus progesterone > 10 ng/mL.

Clinical outcomes according to progesterone distribution

Fig. 1.
80%
68%
70%  64% 64% )
60%
0% 0% 50%
50% 4%
40% 5% 5%
0%
30% 2% -
20%
10% I
0%
<8 ngfml 8-9,9 ng/ml

M Biochemical Pregnancy

10-11,9 ng/ml 12-13,9 ng/ml 14-15,9 ng/ml 16-17,9 ng/ml 18-19,9 ng/ml

B Ongoing Pregnancy

74%

7%
3%

67%

2%
6%

64%

2%
IS%

49%
0%
IS%

= 20 ngfml

M Miscarriage

Fig. 2. Outcomes according to the percentile of progesterone distribution.
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Table 2. Sub-group evaluation

P4 P4 p-value
10-12.2ng/mL  12.3-32.3 ng/mL
(n=53) (n=215)
BHCG + 49.1% 66.0% 0.026
Ongoing 34.0% 45.6% 0.130
pregnancy
Miscarriage  30.8% 31.0% 0.181

Notes: The 20% cycles with lower serum P4 values that did not have the
addition of DYD.

Taking into account the sensitivity analysis, we decided
to subdivide the group with P4 > 10ng/mL into an upper
and lower group. For this, we used the cut-off on 20%
(12.2 ng/mL) of the sample (=Table 2). Cycles with a lower
level of serum progesterone had significantly lower hCG
positive pregnancy rates. Finally, we also performed step-
wise logistic GEE regression using all the variables with a p-
value below 0.15 in the univariable analysis for the out-
comes ongoing pregnancy rate: AMH, transfer day, number
of embryos transferred, plus female age at pickup, and
progesterone value below or above 10ng/mL (=Table 3).
In this final model, only the number of transferred embryos
was significantly associated with ongoing pregnancy rate.
More importantly, we also found that the use of DYD and a
serum progesterone level below 10ng/mL on the day of
embryos transfer was not associated with the outcome in
the adjusted model.

Discussion

There seems to be a relationship between circulating P4 in
the peri-implantation period and the transfer outcome.
Accumulating evidence suggest a negative relation between
lower levels of P4 and treatment outcome,'3:14.18.19.23-29
We sought to determine whether a rescue strategy using
DYD starting immediately after a blastocyst transfer could
improve the outcome of cycles with low P4 values on the
day of a blastocyst transfer. Our results seem to demon-
strate that women with lower levels of plasmatic P4 on the
day of transfer of a blastocyst can indeed be rescued with

Metello et al.

A similar rescue strategy concept had already been pre-
sented by Cédrin-Durnerin et al.?> using vaginal P4 (cut-off of
10 ng/mL), and by Brady et al.2° with intramuscular P4 (cut-off
of 20 ng/mL). In both cases, the measurement of serum P4 was
performed on the day of the transfer, and the patient was
supplemented with an increase in the dose of the medication
already on course, if the values were below the cut-offs
established in the respective cohort. Both studies failed to
show any improvement in terms of pregnancy outcomes.
Recently, a retrospective study assessing 599 cycles concluded
that hCG positive and clinical pregnancy rates were compara-
ble between DYD three times a day and micronized vaginal
P4,3% but no sub-analysis regarding the serum progesterone
values was performed. Conversely, we opted to use DYD after
taking into consideration several clinical trial that evaluated
the efficacy of its oral form in luteal phase support, both in
fresh and frozen transfers.!!-16:17:26.31-37

The cut-off used for DYD administration was set according
to a previous evaluation of our own population which
corresponds to 11.5% of the pool of the cycles.?8

However, when compared to other series,'®'? the P4
distribution in our population seems to be much higher. For
this reason, we decided to assess what occurred in the 20%
lower cycles with P4 above 10 ng/mL and we concluded that
this group presented a statistically significant lower rate of
hCG positive pregnancies. For this reason, we believe that
center-specific rescue strategy, based on a percentile distribu-
tion of serum P4, might be better than an arbitrary threshold
derived from other publications. According to our data, we
believe that FET cycles in the 30% lower level of P4 might
benefit from this strategy.

Two recent publications support our conclusions. Specif-
ically, Alvarez et al38 reported that the addition of proges-
terone injections whenever serum P4 levels (measured
the day prior to an euploid blastocyst transfer) were
<10.6ng/mL was an effective rescue strategy in terms of
clinical, ongoing pregnancy rate and live birth rates. Fur-
thermore, Vuong et al3? also recently reported on a pro-
spective open-label nonrandomized study with two
groups of patients. One group performed luteal support
with vaginal micronized progesterone 400 mg twice daily
plus oral DYD 10mg twice daily (732 patients), while
the other had only vaginal micronized progesterone

the DYD. 400mg twice daily (632 patients). The researchers
Table 3. Adjusted odds ratio for clinical pregnancy rate

Univariable Multivariable

OR 95% Cl p-value OR 95% Cl p-value
Female age at pickup 0.952 (0.895-1.014) 0.125 0.948 (0.886-1.014) 0.121
AMH 1.054 (0.991-1.120) 0.092 1.051 (0.986-1.121) 0.125
Transfer day (D5 vs. D6) 1.776 (0.978-3.22) 0.059 1.635 (0.879-3.041) 0.120
Number of embryos transferred 2.578 (1.457-4.456) 0.001 2.708 (1.510-4.856) 0.001
(2vs. 1)
P4 <10ng/ml+DYD 1.304 (0.652-2.607) 0.453 1.163 (0.560-2.418) 0.685

Abbreviations: AMH, anti-Miillerian hormone; Cl, confidence interval; DYD, dydrogesterone; OR, odds ratio.
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concluded that live birth rates were statistically significantly
better in the vaginal progesterone plus DYD group (46.3 vs.
41.3%).

Concerning safety issues on the use of DYD in early
pregnancy, the literature is sparse. A review of 28 cases of
potential links between maternal DYD use during pregnancy
and congenital birth defects was reported,*° but no conclu-
sions could be drawn. Although Mahmoud et al.*! found a
positive association between its use in embryonic phases and
congenital heart disease in the fetus, in the LOTUS I trial '® the
rates of adverse effects associated with treatment, including
congenital, familial, and genetic effects were similar between
the DYD and micronized vaginal P4 group (1.0% DYD vs. 1.2%
MVP). A recent systematic review on the assessment of the
evidence on the efficacy and safety of oral DYD versus
micronized vaginal P4 for luteal phase support reported an
overall similar incidence of congenital, familial, and genetic
disorders between both groups.42

The strengths of our study include the fact that that data
come from a single center, during a short period of time (16
months) and that all the patients went through the same
protocol. Furthermore, all serum P4 assessments were per-
formed in the same laboratory during the morning. Con-
versely, the interpretation of our results may be limited by
the fact that this is still a retrospective study presenting some
heterogeneity between groups in terms of patient and cycle
characteristics. According to our results transferring 1 or 2
embryos and transferring a day 5 or day 6 embryo might be
related to the outcome. However, we tried to control for
these variables, with both groups having a quite similar
distribution of both these variables (~Table 1).

Conclusion

In conclusion, DYD 10 mg three times a day, administered in
women who perform a FET with P4 serum levels below
10 ng/mL, allows this group to have pregnancy rates beyond
12 weeks at least as good as those with serum levels above
10 ng/mL.

Contributions

Jose Metello: conceived the presented idea; retrieved the
data; performed the computations. Claudia Tomas: devel-
oped the theoretical formalism. Pedro Ferreira: retrieved
the data. Samuel Santos-Ribeiro: conceived the presented
idea; performed the computations; supervised the find-
ings of this work. All authors discussed the results and
contributed to the final manuscript.

Conflict of interests
The authors have no conflict of interests to declare.

References
1 De Geyter C, Calhaz-Jorge C, Kupka MS, Wyns C, Mocanu E,
Motrenko T, et al; European IVF-monitoring Consortium (EIM)
for the European Society of Human Reproduction and Embryolo-
gy (ESHRE) ART in Europe, 2014: results generated from European
registries by ESHRE: The European IVF-monitoring Consortium

Rev Bras Ginecol Obstet

N

w

N

(o))

~

ol

=)

10

11

12

13

14

15

16

Metello et al.

(EIM) for the European Society of Human Reproduction and
Embryology (ESHRE). Hum Reprod. 2018;33(09):1586-1601.
Doi: 10.1093/humrep/dey242

Ghobara T, Gelbaya TA, Ayeleke RO. Cycle regimens for frozen-
thawed embryo transfer. Cochrane Database Syst Rev.2017;7(07):
CD003414. Doi: 10.1002/14651858.CD003414.pub3
Groenewoud ER, Cohlen BJ, Macklon NS. Programming the
endometrium for deferred transfer of cryopreserved embryos:
hormone replacement versus modified natural cycles. Fertil
Steril. 2018;109(05):768-774. Doi: 10.1016/j.fertnstert.2018.02.
135

Yarali H, Polat M, Mumusoglu S, Yarali [, Bozdag G. Preparation of
endometrium for frozen embryo replacement cycles: a systemat-
ic review and meta-analysis. ] Assist Reprod Genet. 2016;33(10):
1287-1304. Doi: 10.1007/s10815-016-0787-0

Jing S, Li XF, Zhang S, Gong F, Lu G, Lin G. Increased pregnancy
complications following frozen-thawed embryo transfer during
an artificial cycle. ] Assist Reprod Genet. 2019;36(05):925-933.
Doi: 10.1007/s10815-019-01420-1

Ginstrom Ernstad E, Wennerholm UB, Khatibi A, Petzold M, Bergh
C. Neonatal and maternal outcome after frozen embryo transfer:
Increased risks in programmed cycles. Am ] Obstet Gynecol. 2019;
221(02):126.e1-126.e18. Doi: 10.1016/j.ajog.2019.03.010
Roque M, Bedoschi G, Cecchino GN, Esteves SC. Fresh versus
frozen blastocyst transfer. Lancet. 2019;394(10205):1227-1228.
Doi: 10.1016/S0140-6736(19)31393-5

Neumann K, Depenbusch M, Schultze-Mosgau A, Griesinger G.
Characterization of early pregnancy placental progesterone pro-
duction by use of dydrogesterone in programmed frozen-thawed
embryo transfer cycles. Reprod Biomed Online. 2020;40(05):
743-751. Doi: 10.1016/j.rbmo.2020.01.019

Csapo Al, Pulkkinen MO, Wiest WG. Effects of luteectomy and
progesterone replacement therapy in early pregnant patients. Am
] Obstet Gynecol. 1973;115(06):759-765. Doi: 10.1016/0002-
9378(73)90517-6

van der Linden M, Buckingham K, Farquhar C, Kremer JA, Met-
wally M. Luteal phase support for assisted reproduction cycles.
Cochrane Database Syst Rev. 2015;(07):CD009154. Doi:
10.1002/14651858.CD009154.pub3

Casper RF, Yanushpolsky EH. Optimal endometrial preparation for
frozen embryo transfer cycles: window of implantation and
progesterone support. Fertil Steril. 2016;105(04):867-872. Doi:
10.1016/j.fertnstert.2016.01.006

Griesinger G, Tournaye H, Macklon N, Petraglia F, Arck P, Blockeel
C, et al. Dydrogesterone: pharmacological profile and mechanism
of action as luteal phase support in assisted reproduction. Reprod
Biomed Online. 2019;38(02):249-259. Doi: 10.1016/j.
rbmo.2018.11.017

Labarta E, Mariani G, Holtmann N, Celada P, Remohi ], Bosch E.
Low serum progesterone on the day of embryo transfer is
associated with a diminished ongoing pregnancy rate in oocyte
donation cycles after artificial endometrial preparation: a pro-
spective study. Hum Reprod. 2017;32(12):2437-2442. Doi:
10.1093/humrep/dex316

Yovich JL, Conceicao JL, Stanger JD, Hinchliffe PM, Keane KN. Mid-
luteal serum progesterone concentrations govern implantation
rates for cryopreserved embryo transfers conducted under hor-
mone replacement. Reprod Biomed Online. 2015;31(02):
180-191. Doi: 10.1016/j.rbmo.2015.05.005

Nahoul K, Dehennin L, Jondet M, Roger M. Profiles of plasma
estrogens, progesterone and their metabolites after oral or vagi-
nal administration of estradiol or progesterone. Maturitas. 1993;
16(03):185-202. Doi: 10.1016/0378-5122(93)90064-0
Tournaye H, Sukhikh GT, Kahler E, Griesinger G. A Phase III
randomized controlled trial comparing the efficacy, safety and
tolerability of oral dydrogesterone versus micronized vaginal
progesterone for luteal support in in vitro fertilization. Hum
Reprod. 2017;32(05):1019-1027. Doi: 10.1093/humrep/dex023

Vol. 44 No. 10/2022 © 2022. Federagao Brasileira de Ginecologia e Obstetricia. All rights reserved.



18

20

21

22

23

24

25

26

27

28

29

30

Dydrogesterone after Frozen Embryo Transfer in Hormonal Substituted Cycles

Rashidi BH, Ghazizadeh M, Nejad EST, Bagheri M, Gorginzadeh M.
Oral dydrogesterone for luteal support in frozen-thawed embryo
transfer artificial cycles: a pilot randomized controlled trial. Asian
Pac] Reprod. 2016;5(06):490-494. Doi: 10.1016/j.apjr.2016.10.002
Gaggiotti-Marre S, Martinez F, Coll L, Garcia S, Alvarez M, Parriego
M, et al. Low serum progesterone the day prior to frozen embryo
transfer of euploid embryos is associated with significant reduc-
tion in live birth rates. Gynecol Endocrinol. 2019;35(05):
439-442. Doi: 10.1080/09513590.2018.1534952

Labarta E, Mariani G, Paolelli S, Rodriguez-Varela C, Vidal C, Giles |,
et al. Impact of low serum progesterone levels on the day of
embryo transfer on pregnancy outcome: a prospective cohort
study in artificial cycles with vaginal progesterone. Hum Reprod.
2021;36(03):683-692. Doi: 10.1093/humrep/deaa322

Brady PC, Kaser DJ, Ginsburg ES, Ashby RK, Missmer SA, Correia
KF, et al. Serum progesterone concentration on day of embryo
transfer in donor oocyte cycles. ] Assist Reprod Genet. 2014;31
(05):569-575. Doi: 10.1007/s10815-014-0199-y

Basnayake SK, Volovsky M, Rombauts L, Osianlis T, Vollenhoven B,
Healey M. Progesterone concentrations and dosage with frozen
embryo transfers - What'’s best? Aust N Z ] Obstet Gynaecol. 2018;
58(05):533-538. Doi: 10.1111/ajo.12757

Alsbjerg B, Thomsen L, Elbaek HO, Laursen R, Povlsen BB, Haahr T,
et al. Progesterone levels on pregnancy test day after hormone
replacement therapy-cryopreserved embryo transfer cycles and
related reproductive outcomes. Reprod Biomed Online. 2018;37
(05):641-647. Doi: 10.1016/j.rbmo.2018.08.022
Cédrin-Durnerin I, Isnard T, Mahdjoub S, Sonigo C, Seroka A,
Comtet M, et al. Serum progesterone concentration and live birth
rate in frozen-thawed embryo transfers with hormonally pre-
pared endometrium. Reprod Biomed Online. 2019;38(03):
472-480. Doi: 10.1016/j.rbmo.2018.11.026

Schindler AE, Campagnoli C, Druckmann R, Huber ], Pasqualini JR,
Schweppe KW, et al. Classification and pharmacology of proges-
tins. Maturitas. 2003;46(Suppl 1):S7-S16. Doi: 10.1016/j.matur-
itas.2003.09.014

Stanczyk FZ, Hapgood JP, Winer S, Mishell DR Jr. Progestogens used
in postmenopausal hormone therapy: differences in their pharma-
cological properties, intracellular actions, and clinical effects.
Endocr Rev. 2013;34(02):171-208. Doi: 10.1210/er.2012-1008
Griesinger G, Blockeel C, Tournaye H. Oral dydrogesterone for
luteal phase support in fresh in vitro fertilization cycles: a new
standard? Fertil Steril. 2018;109(05):756-762. Doi: 10.1016/j.
fertnstert.2018.03.034

Alpha Scientists in Reproductive Medicine and ESHRE Special
Interest Group of Embryology. The Istanbul consensus workshop
on embryo assessment: proceedings of an expert meeting. Hum
Reprod. 2011;26(06):1270-1283. Doi: 10.1093/humrep/der037
Metello ], Tomas C, Ferreira P, Bravo I, Branquinho M, Santos-
Ribeiro S. Impact of plasmatic progesterone on the day of frozen
embryo transfer in hormone-induced cycles. Rev Bras Ginecol
Obstet. 2021;43(08):608-615. Doi: 10.1055/s-0041-1735229
Yland ], Messerlian C, Minguez-Alarcén L, Ford ]B, Hauser R,
Williams PLEARTH Study Team. Methodological approaches to
analyzing IVF data with multiple cycles. Hum Reprod. 2019;34
(03):549-557. Doi: 10.1093/humrep/dey374

Kofinas |D, Blakemore ], McCulloh DH, Grifo ]. Serum progester-
one levels greater than 20 ng/dl on day of embryo transfer are
associated with lower live birth and higher pregnancy loss rates. |
Assist Reprod Genet. 2015;32(09):1395-1399. Doi: 10.1007/
s10815-015-0546-7

Rev Bras Ginecol Obstet

31

32

33

34

35

36

37

38

39

40

4

=

42

Metello et al.

Atzmon Y, Aslih N, Estrada D, Bilgory A, Ellenbogen A, Shalom-Paz
E. Comparable outcomes using oral dydrogesterone vs. micron-
ized vaginal progesterone in frozen embryo transfer: a retrospec-
tive cohort study. Reprod Sci. 2021;28(07):1874-1881. Doi:
10.1007/s43032-020-00376-3

Chakravarty BN, Shirazee HH, Dam P, Goswami SK, Chatterjee R,
Ghosh S. Oral dydrogesterone versus intravaginal micronised
progesterone as luteal phase support in assisted reproductive
technology (ART) cycles: results of a randomised study. ] Steroid
Biochem Mol Biol. 2005;97(05):416-420. Doi: 10.1016/j.
jsbmb.2005.08.012

Patki A, Pawar VC. Modulating fertility outcome in assisted
reproductive technologies by the wuse of dydrogesterone.
Gynecol Endocrinol. 2007;23(Suppl 1):68-72. Doi: 10.1080/
09513590701584857

Ganesh A, Chakravorty N, Mukherjee R, Goswami S, Chaudhury K,
Chakravarty B. Comparison of oral dydrogestrone with proges-
terone gel and micronized progesterone for luteal support in
1,373 women undergoing in vitro fertilization: a randomized
clinical study. Fertil Steril. 2011;95(06):1961-1965. Doi:
10.1016/j.fertnstert.2011.01.148

Tomic V, Tomic J, Klaic DZ, Kasum M, Kuna K. Oral dydrogesterone
versus vaginal progesterone gel in the luteal phase support:
randomized controlled trial. Eur ] Obstet Gynecol Reprod Biol.
2015;186:49-53. Doi: 10.1016/j.ejogrb.2014.11.002

Saharkhiz N, Zamaniyan M, Salehpour S, Zadehmodarres S,
Hoseini S, Cheraghi L, et al. A comparative study of dydro-
gesterone and micronized progesterone for luteal phase sup-
port during in vitro fertilization (IVF) cycles. Gynecol
Endocrinol. 2016;32(03):213-217. Doi: 10.3109/09513590.
2015.1110136

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(01):239-246. Doi: 10.1007/s00404-
016-4217-4

Alvarez M, Gaggiotti-Marre S, Martinez F, Coll L, Garcia S,
Gonzalez-Foruria I, et al. Individualised luteal phase support
in artificially prepared frozen embryo transfer cycles based on
serum progesterone levels: a prospective cohort study. Hum
Reprod. 2021;36(06):1552-1560. Doi: 10.1093/humrep/-
deab031

Vuong LN, Pham TD, Le KTQ, Ly TT, Le HL, Nguyen DT, et al.
Micronized progesterone plus dydrogesterone versus micron-
ized progesterone alone for luteal phase support in frozen-
thawed cycles (MIDRONE): a prospective cohort study. Hum
Reprod. 2021;36(07):1821-1831. Doi: 10.1093/humrep/-
deab093

Queisser-Luft A. Dydrogesterone use during pregnancy: overview
of birth defects reported since 1977. Early Hum Dev. 2009;85(06):
375-377. Doi: 10.1016/j.earlhumdev.2008.12.016

Zaqout M, Aslem E, Abugamar M, Abughazza O, Panzer ], De Wolf
D. The impact of oral intake of dydrogesterone on fetal heart
development during early pregnancy. Pediatr Cardiol. 2015;36
(07):1483-1488. Doi: 10.1007/s00246-015-1190-9

Griesinger G, Blockeel C, Kahler E, Pexman-Fieth C, Olofsson ]I,
Driessen S, et al. Dydrogesterone as an oral alternative to vaginal
progesterone for IVF luteal phase support: A systematic review
and individual participant data meta-analysis. PLoS One. 2020;15
(11):e0241044. Doi: 10.1371/journal.pone.0241044

Vol. 44 No. 10/2022 © 2022. Federacdo Brasileira de Ginecologia e Obstetricia. All rights reserved.



