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Abstract
BACKGROUND: The first successful pregnancy from a frozen-thawed embryo transfer (FTET) was reported in 1983 and after more than three decades,
significant changes have been introduced into clinical practice. OBJECTIVE:
To compare endometrial preparation for frozen thawed embryo transfer
(FTET) in supplemented natural cycle (NC) by hCG (human chorionic gonadotropin) versus HRT (hormonal replacement therapy) by estrogen and
progesterone in regularly cycling women. METHODS: A prospective trial was
conducted on 40 patients that were divided into two treatment groups. The
first group underwent endometrial preparation by supplemented natural
cycle by HCG, and the second group underwent endometrial preparation by
HRT (estrogen and progesterone). RESULTS: No significant difference was
revealed between the two groups regarding ongoing clinical pregnancy rate.
CONCLUSION: This study concluded that there is no significant difference
in clinical pregnancy rate between the two methods of endometrial preparation for frozen thawed embryo transfer; supplemented natural cycle by hCG
or HRT by estrogen and progesterone, in regularly cycling women.

Keywords
Intracytoplasmic Sperm Injection (ICSI), Infertility, Frozen Cycles

1. Introduction
The first successful pregnancy from a frozen-thawed embryo transfer (FTET)
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was reported in 1983 [1] and after more than three decades, significant changes
have been introduced into clinical practice. Improvements in cryopreservation
techniques have helped to improve the efficiency of in-vitro fertilization (IVF)
[2] [3] [4]. These great modifications caused vitrification to be introduced as the
main cryopreservation method in almost every laboratory all over the world. Vitrification was first described by Kuwayama et al. [5].
Intra Cytoplasmatic Sperm Injection (ICSI) treatment cycles often produce
more embryos than can be transferred during the concomitant fresh treatment
cycle. Additionally, in some patients embryo transfer is postponed for medical
reasons (e.g. ovarian hyperstimulation syndrome). Cryopreservation of these
embryos provides both physicians and patients safe, successful and presumably
cost-efficient trials [6] [7]. Recent implementation of single embryo transfer
strategies in ICSI programs has increased the need for successful frozen thawed
embryo transfer (FTET) programs. To get a successful FTET program, it is critical to synchronize the endometrial development with the embryo [8] [9]. To
achieve this, FTET requires extensive preparation, timing and planning. Several
methods for endometrium preparation have been developed recently, vide infra.
Embryos may be stored soon after fertilization at the pronuclear stage, which
is relatively stable with high survival rates (70%) after freezing and pregnancy
rates of 17% - 31% [10]. Most embryos are being frozen at the cleavage stage
following the transfer of fresh embryos 2 or 3 days after oocyte retrieval. Blastocyst culture allows identification and selection of a single embryo for transfer
into the uterus to reduce the risk of multiple pregnancies. Pregnancy rates are
around 60% per transfer of thawed vitrified blastocysts [10].
Multiple factors affect the success of frozen embryo transfer cycle, like patient’s age, embryo quality before freezing, the number of embryos transferred
freezing and thawing protocol, and endometrial preparation [11].
Embryo implantation is the most important step of assisted reproductive
techniques (ART) and it is determined by three main parameters: embryo quality, endometrial receptivity and optimal synchronization between endometrial
growth and embryonic development [11].
Endometrial receptivity, is the state of the endometrium during the window of
implantation (WOI), which starts 4 - 5 days after the endogenous/exogenous
progesterone stimulation and ends 9 - 10 days afterward [12]. At that time, the
endometrium acquires new adhesive potentials allowing embryo adhesion and
invasion [13] [14]. No effective diagnostic tools are yet available to precisely
predict endometrial receptivity [15].
Frozen thawed embryo transfer (FTET) must be synchronized so that the age
of the embryos after thawing corresponds to the age of the endometrium on the
day of embryo transfer [16]. Endometrium preparation before FTET can be carried out through different cycle regimens. They consist of a purely natural cycle
(NC) with LH (luteinizing hormone) measuring in blood or urine, or a natural
modified cycle (NMC) in which hCG is given to the patients to schedule embryo
transfer instead of measuring luteinizing hormone (LH), or an artificial cycle
DOI: 10.4236/ojog.2019.96081
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with estradiol (E2) and progesterone (P4), with or without using gonadotropin-releasing hormone (GnRH) analogs and lastly, stimulated cycles with low
doses of gonadotropins [17].
Most authors recommended a minimum endometrial thickness of 7 - 8 mm at
the time of ovulation or initiation of progesterone therapy before frozen-thawed
embryo transfer [18] [19]. However, many studies have proved better results
when endometrial thickness was between 9 - 14 mm [20] [21], however there is
no firm evidence to support cancellation when the endometrium is thinner [22].

2. Aim of the Work
The aim of the present study was to compare endometrial preparation for frozen-thawed embryo transfer (FTET) by supplemented natural cycle versus hormone replacement cycle by estrogen and progesterone in regularly menstruating
women.

3. Materials
This study was a prospective cohort study. It was conducted in the period between April to November 2018. Sample size calculation was done using Creative
Research Systems that offers a free sample size calculator online
(http://www.surveysystem.com/sscalc.htm) which was based on last Egyptian
census in 2014, which gave us 40 cases as an adequate sample.
A total of 57 Patients were recruited into this study, from to El-Shat by Maternity University Hospital out patient’s infertility clinic. 17 dropped out, mainly
because they did not show up for ET after starting endometrial preparation. So
recruitment continued till 40 patients were randomized (by closed envelop system) with 20 cases in each study group. They were categorized as follows:
1) Group I: cases underwent endometrial preparation by supplemented natural cycle by HCG.
2) Group II: cases underwent endometrial preparation by HRT (estrogen and
progesterone).
Inclusion criteria:
1) Age between 20 - 40 years.
2) Have frozen embryos and undergoing preparation for transfer.
3) ICSI cycle in which embryos were frozen done since <1 year.
4) Regular ovulatory menstrual cycles.
5) Embryos frozen on day 3.
Exclusion criteria:
1) Previous uterine surgery.
2) Evidence of endometrial, uterine or pelvic pathology.
3) Medical disorders or regular intake of medications.
4) Recurrent implantation failure cases.

4. Methods
The study was explained to women included, patient questions were answered
DOI: 10.4236/ojog.2019.96081
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and written informed consent was obtained from them.
The cases were randomly allocated to two groups (I and II) each of them consisted of 20 patients.
Eligible and consenting cases were subjected to:
1) History of Infertility (primary or secondary), duration of infertility, number of previous ICSI trials, oocyte retrieved and embryos fertilized.
2) Examination and BMI (body mass index) calculation.
3) Trans-vaginal ultrasound (TVUS): On day 1 - 3 to exclude endometrial
abnormality or functional ovarian cyst.
4) Treatment protocol:
a) Endometrial preparation
Group I: cases were instructed to come for evaluation starting from day 5 of
the cycle by regular us follicular scanning every 3 days till the leading follicle
reached 18 mm and endometrium was seen as triple line and ≥8 mm then 5000
iu HCG were administrated. Luteal support with progesterone 400 mg vaginal
suppositories once daily (prontogest 400, Actavis, Devon, UK) started 48 h after HCG. And if pregnancy test positive, continued till 12 weeks of pregnancy.
Group II: Endometrial preparation began from third day of menstruation by
estradiolvalerate 6 mg/day (cycloprogenova, Bayer, Germany) till endometrial
thickness exceeded 8 mm by transvaginal us then progesterone 400 mg vaginal
suppositories twice daily were added (prontogest 400, Actavis, Devon, UK). And
if pregnancy test positive, continued till 12 weeks of pregnancy and estrogen
continued till 7 weeks of pregnancy.
b) Embryo transfer (ET)
Embryo transfer was done in the fourth day of progesterone administration.
Cancellation of Embryo transfer in group I was done if follicle failed to reach
size 18 mm or endometrium thickness was less than 8 mm or triple line. While
in group II cases failed to reach endometrial thickness 8 mm or a triple line were
cancelled.
c) Evaluation of cycle outcome
i) BHCG (beta subunit) testing done 14 days after embryo transfer to diagnose
chemical pregnancy rate.
ii) Transvaginal us done 2 weeks after testing BHCG to diagnose clinical
pregnancy rate.
Main outcome measures:
i) Chemical pregnancy rate: positive pregnancy test 2 weeks after ET.
ii) Implantation rate: number of embryos transferred/number of gestational
sacs seen by TVUS.
iii) On-going pregnancy rate: pregnancy continuing after detection of fetal
cardiac pulsation.
iv) Miscarriage rate.
Secondary outcome measures
Endometrial thickness measuring; at HCG administration day in group I, and
before adding progesterone in group II.
DOI: 10.4236/ojog.2019.96081
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Statistical analysis of the data
Data were fed to the computer and analyzed using IBM SPSS software package version 22. Quantitative data were described using mean and standard deviation error of mean. Comparison between the different studied groups was
analyzed using independent T-test. Significance of the obtained results was
judged at the 5% level.

5. Results
The study was designed as a prospective randomized clinical trial, it was conducted on 40 patients were divided into two treatment groups; the first group
underwent endometrial preparation by supplemented natural cycle by HCG. On
the other hand the second group underwent endometrial preparation by estrogen and progesterone. The main limitation of this study was the dropped cases
which we overcome by increasing recruitment number and time.
Table 1 shows the comparison between the two studied groups regarding
demographic data, regarding age the mean age group in group I was 31.35 ±
3.70, while in group II was 28.50 ± 5.28 and regarding BMI in group 1 was 31.80
± 2.21 and that of group II was 31.40 ± 3.05. On comparing the two groups it
was found that there was no significant difference between the two groups regarding age and BMI.
Regarding gravidity and the parity it was found that the mean number of gravidity was 0.55 ± 0.69 and 0.50 ± 0.69 in group I and group II respectively while
the mean number of parity in group I was 0.25 ± 0.44 and that of group II was
0.25 ± 0.44. On comparing the two groups it was found that there was no significant difference between the two groups regarding type of infertility.
The duration of infertility the mean duration in group I was 5.15 ± 1.60 and
that of group II was 5.50 ± 2.76, with no statistical significant difference between
the two groups.
According to endometrial thickness (ET) at time of embryo transfer, the mean
endometrial thickness in group I was 10.95 ± 1.57 and that of group II was 9.0 ±
Table 1. Comparison between the studied groups according to demographic data.
Group I
(n = 20)

Group II
(n = 20)

Test of Sig.

P

Age (years)
Mean ± SD

31.35 ± 3.70

28.50 ± 5.28

T = 1.977

0.055

BMI
Mean ± SD

31.80 ± 2.21

31.40 ± 3.05

T = 0.475

0.638

Gravidity
Mean ± SD

0.55 ± 0.69

0.50 ± 0.69

U = 191.000

0.782

Parity
Mean ± SD

0.25 ± 0.44

0.25 ± 0.44

U = 200.000

1.000

Duration of infertility (years)
Mean ± SD

5.15 ± 1.60

5.50 ± 2.76

t = 0.490

0.627

t: Student t-test; U: Mann Whitney test; p: p value for comparing between the two groups.
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1.62. On comparing the two groups there was statistical significant difference
between the two groups regarding ET in favor of group I (p = 0.001). The interval from cycle day 1 to embryo transfer; in group I the mean interval was 12.75 ±
1.12 and that of group II was 10.95 ± 2.54. On comparing the two groups there
was statistical significant difference between the two groups (p = 0.006) as shown in
Table 2.
Regarding total implantation rate; the mean rate in group I was 0.35 ± 0.29
and that of group II was 0.17 ± 0.22. On comparing the two groups there was
statistical significant difference between the two groups regarding total implantation rate (p = 0.039) as shown in Table 2.
The cancellation rate was 0.0% in group I while in group II was 10%. The
clinical pregnancy rate was 65% in group I while in group II was 45%. The miscarriage rate in group I was 25% while in group II was 5%. The live birth rate
was 40% in the two groups with no statistical significant difference between the
two groups as shown in Table 3.

6. Discussion
The transfer of frozen-thawed embryos has important implications for the
management of women undergoing ovarian stimulation for IVF (in vitro fertilization). By providing the possibility of a further embryo transfer, this strategy
Table 2. Comparison between the studied groups according to cycle variables and Total
implantation rate.
Group I
(n = 20)

Group II
(n = 20)

Test of Sig.

P

Endometrium thickness at time of
ET (embryo transfer)
Mean ± SD

10.95 ± 1.57

9.0 ± 1.62

t = 3.861*

<0.001*

Interval from cycle D1 to ET
(embryo transfer)
Mean ± SD.

12.75 ± 1.12

10.95 ± 2.54

t = 2.900*

0.006*

Total implantation rate Mean ± SD

0.35 ± 0.29

0.17 ± 0.22

U = 128.500*

0.039*

U: Mann Whitney test; t: Student t-test; p: p value for comparing between the two groups; *: Statistically
significant at p ≤ 0.05.

Table 3. Comparison between the studied groups according to cycle outcomes.
Group I
(n = 20)

Group II
(n = 20)

p



No.

%

No.

%

Cancellation rate

0

0.0

2

10.0

2.105

Clinical pregnancy

13

65.0

9

45.0

1.616

Miscarriage rate

5

25.0

1

5.0

3.137

Live birth rate

8

40.0

8

40.0

0.0

p = 0.487

FE

0.204
p = 0.182

FE

1.000

χ : Chi square test; FE: Fisher Exact; p: p value for comparing between the two groups.
2
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increases the cumulative pregnancy rate and reduces cost. While the implantation rate of frozen-thawed embryos is lower than that obtained with fresh embryo transfer, this may reflect the protocols used to select the embryos for the
fresh transfer rather than the adverse effect of freezing. Various attempts have
been made to improve the success of FTET [23], since Trounson and Mohr reported the first successful pregnancy in 1983.
The current study was conducted to compare 2 different protocols for endometrial preparation in FTET cycles in regularly cycling women. It was conducted
in40 infertile women underwent cryo embryo transfer as treatment for infertility, Group I (20 cases) underwent endometrial preparation by supplemented
natural cycle by HCG and progesterone as aluteal support and Group II (20 cases) underwent sequential endometrial preparation by HRT by estrogen and
progesterone, There was no statistical significant difference between the two
studied groups regarding age, BMI, gravidity, parity, duration of infertility and
type of infertility.
The study demonstrated that, the interval from cycle day 1 to embryo transfer
was significantly higher in group I and this slower endometrium development
might be more physiological. Also, there was significant difference between the
studied groups regarding endometrial thickness. It was significantly higher in
group I as the mean thickness was 10.95 ± 1.57 and that of group II was 9.0 ±
1.62. Also, there was significant difference between both groups regarding total
implantation rate, it was higher in group I as the mean value was 0.35 ± 0.29
compared with group II as the mean value was 0.17 ± 0.22 (p + 0.03) and this
finding however, cannot be confidently stated since the number of embryos
transferred was significantly higher in group II.
In our study, it was noted that when analyzing cycle outcomes, the cancellation rate was higher in group II 10% comparable to group I which was 0% as
there was 2 cases cancelled because of not reaching endometrial thickness 8 mm
or a triple line. The clinical pregnancy rate in group I was 65% and that in group
II was 45% with no statistical significant difference between the two groups.
The miscarriage rate in group 1 was 25% which was higher than group II that
was 5%. Also the live birth rate showed no statistical significant difference as the
live birth rate in both groups was 40%.
Our findings are similar to results from a previous Cochrane review (Ghobara
T et al., 2008) [24] which included seven randomized controlled trials and included 100 patients, they concluded that no single method for FTET was proved
to be more effective than the other as regard the clinical pregnancy rate per
woman.
In addition, a 2017 update of the 2008 Cochrane review also showed no evidence of a difference between the two cycles in rates of live birth or miscarriage
rates [25].
In a retrospective study of more than 4000 cycles, which was also included in
the review by Groenewoud et al. (2013) [26] the NC was compared with the
substituted cycle (estradiol and progesterone). The authors found a higher posiDOI: 10.4236/ojog.2019.96081
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tive pregnancy test rate in the last-mentioned group, but reported comparable
clinical pregnancy and delivery rates in the two protocols.
Queenan JT et al. (1994) [27] showed similar results with programmed and
natural cycle in patients with frozen-thawed embryos. However, Xiao et al.
(2012) [28] showed that natural cycle had a higher trend of clinical pregnancy
rate for FTET in their study. Also Chang et al. (2011) [29] showed that using
natural cycles with or without hCG had better outcomes compared with hormonally manipulated cycles.
On the other hand, some authors supported artificial cycle frozen-thawed
embryo transfer (AC-FTET) as it can be more easily scheduled, which leads to a
better control of embryo thawing and transfer, better timing and also decreases
cancellation rates compared with natural cycle frozen-thawed embryo transfer
(NC-FTET). This is the result of ovulation suppression and the programmed replacement of exogenous hormones [30] [31] [32] [33].
However, these advantages are somewhat counterbalanced by its possible adverse effects through exposure to exogenous hormones, higher risk of thrombo-embolic events, and providing a higher financial burden on patients.
Although NC-FTET is more complicated to plan due to its requirement for
more frequent ultrasonographic evaluations of the dominant follicle, the risk of
unexpected ovulation and insufficient development of the endometrium, its advantages such as being more patient friendly, convenience, less medication, and
lower price cannot be denied.

7. Conclusion
This study concluded that there is no significant difference in clinical pregnancy
rate between the two methods of endometrial preparation for frozen thawed
embryo transfer; supplemented natural cycle by hCG or HRT by estrogen and
progesterone, in regularly cycling women.
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