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Objective: To compare the clinical efﬁcacy of oral dydrogesterone with both vaginal
progesterone suppository and intramuscularly injected progesterone for luteal phase
support in frozen-thawed embryo transfer (FET) artiﬁcial cycles.
Methods: In this pilot single-blind randomized controlled trial, 180 infertile women
undergoing FET cycles were recruited and allocated into three equal groups named as
group A receiving 50 mg intramuscular progesterone ampules twice daily, group B
receiving oral dydrogesterone 20 mg twice daily, and group C receiving 400 mg intravaginal progesterone suppository twice daily. Clinical pregnancy rates were the primary
outcome. Abortion, ectopic pregnancy and live birth rates were the secondary outcome.
Results: Pregnancy and live birth rates were comparable for all the three groups
(P = 0.466 and 0.367, respectively). Miscarriage rates were not signiﬁcantly different
among groups (P = 0.487). All the resulting pregnancies for each group were intrauterine
with none of them associated with ectopic origin.
Conclusion: Given that oral dydrogesterone seems to be more accepted by patients in
terms of ease of use, lower cost and satisfaction, it could be prescribed for luteal phase
support in artiﬁcial FET cycles as effective as either intramuscular or vaginal
supplements.
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1. Introduction
Defective secretory transformation of the endometrium or
luteal phase deﬁciency, is still a challenging concept in reproductive endocrinology [1,2]. Beyond its signiﬁcance in the
management of infertility and recurrent abortions, luteal phase
deﬁciency is also a major concern in in-vitro-fertilization
(IVF) cycles [3,4]. Following ovulation in a natural cycle, the
mature ovarian follicle transforms to the corpus luteum which
will become the major source of progesterone production
before the placenta takes over this function for about seven
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weeks. This progesterone which results from the pulsatile
secretion of the luteinizing hormone (LH), prepares the
endometrium for implantation and maintenance of pregnancy
[1–6].
Historically, pregnancies resulting from assisted
reproductive technology (ART) have been threatened with
implantation failure or miscarriage and either the quantitative
or the qualitative defects of corpus luteum are to be blamed
for that [3–6]. Given a wide array of manipulations done in
artiﬁcial cycles such as pituitary down regulation with
gonadotropin releasing hormone agonists, administration of
human chorionic gonadotropin (HCG) for ﬁnal oocyte
maturation, the pulsatile pattern of LH secretion will be lost.
Furthermore, retrieving oocytes during oocyte pick-up would
diminish the number of granulosa cells undergoing later
luteinization. These changes along with decreased endometrial
receptivity will subsequently result in implantation failure
[2,6,7]. Therefore, in order to improve fertility outcomes and
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maintain pregnancies, appropriate supplementation of luteal
phase is absolutely crucial [1–8]. Luteal support has been
associated with improvements in IVF outcomes [7,8]. In recent
years, frozen-thawed embryo transfer (FET) has gained
increasing popularity thanks to advancements in laboratory
technology [9,10]. Contrary to the sophisticated protocols of fresh
IVF cycles, FET cycles make it possible to transfer fewer
embryos per cycle. In FET cycles whether natural or artiﬁcial
where there is already a lack of functional corpus luteum,
endometrial preparation before embryo transfer is mainly
dependent on exogenous progesterone products and this
priming schedule exerts a signiﬁcant impact on the success
rates of these cycles [11–13]. Utilization of the progesterone
supplements as the superior agents for endometrial preparation
have been well established [14–17]. Given the higher risk of
ovarian hyper stimulation syndrome with HCG and premature
endogenous LH surge with gonadotropin releasing hormone
analogs, progesterone remains the supplement of choice
[7,15,18]. No agreement has yet been made regarding the
optimal scheme including the route, the dosage and the
duration of progesterone supplementation [9–11,19]. Of the
available routes of administration for luteal support in IVF
cycles including intramuscular (IM), intravaginal and oral,
none has been associated with better outcomes [10,11,15,19].
Although both IM and vaginal paths are being widely used,
each has certain drawbacks with pain at the site of injection,
risk of cellulitis and sterile abscess formation for the IM route
and vaginal discharge along with irritation for the vaginal
route [11,16–21]. Apart from efﬁcacy, therefore, patient
satisfaction and tolerability should be highly contemplated [20].
Poor bioavailability resulting from rapid hepatic metabolism
had made oral means of progesterone prescription unpropitious
for years [17,20–22]. However, with the introduction of
dydrogesterone in ART, an optical isomer of progesterone
which has a rather good bioavailability [17,23], this route
appeared justiﬁable. Likewise, with regards to pregnancy rates,
side-effects and safety proﬁle, its application has been promising according to the recent studies [23–31]. Since its marketing
in 1961, dydrogesterone has been attributed to quite a large
number of implications. Nevertheless, concerning its usage for
the support of luteal phase in FET cycles, still more robust
evidence is required particularly in the form of randomized
controlled trials (RCT). Hence, as the dydrogesterone tablets
are readily available in our country with a reasonable cost, this
study was designed to compare this synthetic product with the
conventional IM and intravaginal progesterone supplements
for luteal support in FET cycles.

2. Material and methods
2.1. Patients preparation
This was a pilot single-blind randomized controlled trial
conducted at the tertiary infertility center of Vali-e-Asr during a
one-year period from January 2015 to May 2016. It was
approved by the Institutional Review Board and, the Ethics
Committee of the medical university. The registration number of
the trial was IRCT201406255181N15. A total of 185 infertile
women were enrolled in the study. Written informed consent
was obtained from all of them. The inclusion criteria were patients undergoing FET, because of leftover embryos from past
fresh or frozen cycles, canceled previous cycles, because of bad
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endometrium or ovarian hyper stimulation syndrome or candidates for embryo donation. Women with other indications and
methods of ART were excluded from the study.

2.2. Endometrial preparation
For endometrial preparation at the ﬁrst step, 6 mg of oral
estradiol was prescribed on the second day of the cycle until the
endometrial thickness of 8 mm was reached when then the
participants were randomized into three equal groups to receive
the presumed progesterone protocol for further luteal phase
support. Sequentially numbered sealed envelopes were prepared
and provided by the study coordinator, according to randomnumber tables. Single blinding was done by keeping the person
enrolling the participants and the study investigators uninformed
of the type of the treatment protocol. Only the statistician had
access to the data. For group A (n = 60) 50 mg intramuscular
progesterone ampules were injected twice daily (Aboureyhan
Co., Iran). Group B received 20 mg dydrogesterone twice daily
(Duphaston; Abbot Co., USA). Group C (n = 60) received
400 mg progesterone suppositories two times per day vaginally
(Cyclogest; Actavis Co., UK). Three to ﬁve days after the
commencement of the progesterone protocol embryo transfer
was carried out followed by measuring the serum b-HCG level
12 d later. About 95% of the embryos were in the cleavage stage
and a few were in the blastocyst stage. The treatment protocol
was continued until 12 weeks of pregnancy. The ﬁnal outcome
was assessed in terms of clinical pregnancy as the primary
outcome and abortion or ectopic pregnancy rates as the secondary outcome. Clinical pregnancy was conﬁrmed by ultrasound showing a viable fetus performed 6 weeks after ET.

2.3. Statistical analysis
Data was analyzed with SPSS version 20 using student t-test,
Chi2, Fisher's exact and one-way ANOVA tests. P-value < 0.05
and conﬁdence interval (CI) of 95% were considered signiﬁcant.
Categorical data are presented as numbers or percent and
continuous data as Mean ± SD.

3. Results
The demographic, clinical and para clinical characteristics of
the participants at the baseline are demonstrated in Tables 1 and
2. Of 185 patients enrolled in the study, 180 entered the trial as
the consort ﬂow chart (Diagram 1) depicts. Finally, 59 subjects
from group A, 60 subjects from group B and 58 patients from
group C were entered the analysis. As shown in Table 2, the
mean duration of both estradiol and progesterone prescription
and the endometrial thickness before progesterone commencement were comparable for all the three groups (P = 0.876, 0.065
and 0.447, respectively). Also, the mean numbers of frozen and
transferred embryos were not different signiﬁcantly between the
groups (Table 2). The dominant cause of infertility for all the
three arms of the trial (more than 65%) was the male factor with
the female factor in the second order. There were 4 indications
for performing FET including hyper stimulation syndrome,
inappropriate endometrium, donation and leftovers with the
leftovers and hyper stimulation to be the most common reasons
respectively for each group. The transvaginal sonographic
ﬁndings of the patients were also assessed. The majority of the
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Table 1
Baseline characteristics of the patients.
Groups
Number
Agea
Weightb
BMIc
Infertility
durationa
Previous
abortion historyd
Previous
IVF historyd
Previous
IVF per cased
Previous
FET per cased
AMHe
FSHf

IM
60
32.05
66.98
25.19
7.73

±
±
±
±

Oral

Suppository

60
6.25 31.70 ± 6.48
11.92 65.33 ± 6.97
3.57 25.16 ± 2.89
5.94
7.40 ± 5.98

60
33.27
64.80
24.56
8.30

±
±
±
±

Pvalue

5.69
9.73
3.05
5.53

0.878
0.443
0.469
0.694

6

4

6

0.751

58

60

58

0.360

1.30 ± 1.01

1.60 ± 1.34

1.63 ± 1.02 0.212

0.43 ± 0.85

0.27 ± 0.63

0.60 ± 0.88 0.076

6.36 ± 7.94
6.77 ± 4.40

4.42 ± 3.79
7.13 ± 8.35

4.38 ± 3.84 0.086
6.47 ± 2.77 0.816

Table 3
Clinical outcomes of the three groups.
Groups

a: years; b: Kg; c: Kg/m2; d: number; e: ng/mL; f: IU/L.
Table 2
Characteristics of FET cycles.
Groups

subjects in each arm had normal pelvic ultrasound (51 subjects
in IM group, 54 in oral group and 50 in suppository group). The
most common abnormal ﬁnding was myoma (4 in IM group, 6
in oral group and 8 in suppository group). Overall, four patients
had endometriosis based on TVS who were all in the IM group,
of which, one became pregnant. The primary and secondary
outcomes including pregnancy rates, abortion rates, ectopic
pregnancy rates and live birth rates are presented in Table 3.
According to our results, the pregnancy rates were comparable
for all the three groups (P = 0.466). No case of ectopic pregnancy occurred. Abortion and live birth rates, likewise, were not
different signiﬁcantly among groups (Table 3).

IM

Pregnancy
Abortion
Ectopic
pregnancy
Live birth

IM

Oral

Suppository

P-value

23 (38.33%)
2 (8.69%)
0

22 (36.66%)
2 (9.09%)
0

17 (28.33%)
1 (5.88%)
0

0.466
0.487

18 (30%)

17 (28.33%)

16 (26.66%)

0.367

4. Discussion
Oral

Suppository

Estradiol
17.42 ± 2.32 17.47 ± 2.35 17.23 ± 3.10
durationa
Progesterone 3.93 ± 0.25 3.97 ± 0.18 3.83 ± 0.46
durationa
8.06 ± 0.78 7.97 ± 0.82 8.17 ± 0.89
Endometrial
thicknessb
4.86 ± 3.27 4.58 ± 2.22 4.17 ± 1.93
Frozen
embryosc
2.08 ± 0.53 2.23 ± 0.85 2.20 ± 0.71
Transferred
embryosc

P-value
0.876
0.065
0.447
0.613
0.478

a: days; b: mm; c: numbers per cycle.

Enrollment

The preferred method of luteal phase support with progestogenic supplements is through IM injection in the United States
and intravaginal suppository or gel in Europe [15,24,25]. Due to
initial better pregnancy outcomes following IM progesterone,
this method is still the desired route in many centers despite
the lower patient compliance and comfort [2,24]. Soon, vaginal
route which has some advantages over IM injection became
popular especially when the success rates came out to be
comparable or even better in women with endometriosis [24].
These advantages include lower local complications, more

Assessed for eligibility
Excluded (n= 5)

..
Not meeting inclusion criteria (n=4)
..
Declined to participate (n=1)

Randomized (n= 180)

Allocation
Allocated to ampule

Allocated to oral tablet

Allocated to suppository

(n=60)

(n=60)

(n=60)

Lost to follow-up (n=0)

Lost to follow-up (n=1)

Follow-Up
Lost to follow-up (n=0)

Discontinued intervention
(n=1) due to personal reasons
Analysis

Analysed (n=59)

..

Excluded from analysis

(n=1) : failed to come for
embryo transfer due to car
accident

Diagram 1. Consort ﬂow diagram.

Analysed (n=58)
Analysed (n=60)

..

Excluded from analysis

(n=1) due to lack of embryo
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patient satisfaction and higher uterine concentrations of
progesterone [6,16,24] although, side effects like vaginal
irritation, discharge and interference with intercourse have
made this method unfavorable and annoying too [6,9–12,15–18].
Vaginal administration is associated with less systemic
absorption compared to IM route and is, therefore, claimed to
have less suppressive effects on the hypothalamus–pituitary–
ovarian axis. This is why advocates of vaginal route consider it
to be more physiologic which does not interfere with the
endogenous corpus luteum function. However, respecting FET
cycles where we have no such functional corpus luteum like
fresh embryo transfer cycles, less circulating progesterone
concentrations could be a drawback. In this line, oral
compounds like dydrogesterone which has far less
complications in comparison with the other two conventional
products could be a reasonable substitute [18,20,21,26].
Dydrogesterone has good oral bioavailability and excellent
patient compliance [23,28,30]. Furthermore, its effectiveness has
been already conﬁrmed [23–33]. Therefore, considering the fact
that this oral agent is not yet regarded as a standard mode for
luteal support, this study was carried out. Moreover, there is
also lack of randomized controlled trials at least at the national
level for evaluating its efﬁcacy and tolerability in FET cycles.
The novelty of our study was that dydrogesterone was
compared with both IM and vaginal routes simultaneously in
the format of a triple-armed RCT and for the FET cycles. According to our results, clinical pregnancy live birth rates were not
signiﬁcantly different in the dydrogesterone group compared to
the vaginal route. These ﬁndings were consistent with that of
Salehpour et al. Tomic et al. and Ganesh et al. [28,29,32]. The
pregnancy and live birth rates were not statistically different
from the intramuscular injection group either, which were in
agreement with Guo et al., trial results [33]. All of the subjects
in our study received both estradiol and progesterone in a
sequential pattern as they all underwent artiﬁcial FET cycles in
order to simulate the endogenous endocrine milieu of a natural
cycle. Except for duration, the estradiol protocol was the same
for all the patients which were in accordance with most other
similar studies with only the endometrial thickness of 8 mm as
the criteria for progesterone commencement [10]. We had no
canceled cycles. In other words, embryo transfer was done for
every participant 3–5 d after progesterone administration based
on embryo age and ultrasound ﬁndings. Thereby, this could be
regarded as one limitation of our study as we did not assume
the natural ovulation and luteinization that may occur in 5% of
cycles [34]. The reason for delaying the embryo transfer until a
couple of days after progesterone commencement was to
decrease uterine contractility as a result of estrogen prescription
[25]. According to Casper study, progesterone injection can
better reduce the endometrial contractile activity compared to
vaginal suppositories and was hence, the preferred progesterone
supplement at least for the ﬁrst couple of days following
transfer. However, the ﬁnal results which were clinical
pregnancies were comparable for all the three groups in our
study [10]. Of course, in that study the effects of oral type of
progesterone on sub endometrial wave activity were not
assessed. Concerning the fact that dydrogesterone can result in
continuous and stable serum concentrations of progesterone just
like IM injection, it could be an appropriate surrogate for
progesterone ampules which are not much user-friendly.
With regards to patient satisfaction and compliance, according to Chacravartky et al. trial more patients in the
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dydrogesterone group were satisﬁed in comparison with intravaginal micronized progesterone. Whereas based on
Saharkhiz et al. study this was not the case and patients' satisfaction was similar for both oral and vaginal methods [26,31]. The
main goal of our study was to evaluate the pregnancy outcomes
of dydrogesterone and not the side-effects; regardless of that,
what at least can be concluded is that dydrogesterone, if not
better, is not worse than vaginal or IM route in terms of both
clinical efﬁcacy and patient compliance.
This study had some other limitations too. Given that it was a
pilot study, the sample size for each arm was not big enough to
get us to an acceptable power.
Regarding the fact that oral dydrogesterone is more accepted
by patients in terms of ease of use, lower cost and satisfaction, it
seems that it could be used for luteal phase support in FET
cycles as effective as either the intramuscular or the vaginal
route of progesterone administration.
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