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Introduction

Frozen-thawed (FT) embryo transfer is a procedure used for 
the storage and transfer of excess embryos obtained during in 
vitro fertilization (IVF)–intracytoplasmic sperm injection (ICSI) 
cycles. In recent years, improvements in laboratory conditions 
and limitations on the number of embryos to be transferred 
have led to a progressive increase in FT embryo transfer cycles. 
Another preferred practice to prevent multiple pregnancies in 
IVF cycles is to transfer a single embryo and freeze all surplus 
embryos (1). However, the best solution for endometrial prepa-
ration in these cycles is still a matter of debate (2).
Frozen-thawed embryo transfer prevents embryo waste and 
increases the probability of pregnancy in a single stimulated 
cycle. Protocols applied in FT cycles aim for endometrial 
preparation only and are therefore simpler than complicated 
protocols that aim to develop many follicles. As the treatment 
for subfertility increases, so does the importance of FT em-
bryo transfer; however, there is no consensus about which 
method is the best (3, 4).
Pregnancy rates following FT embryo transfer have been 
found to be higher than those following fresh embryo trans-
fer (5). Further, FT embryo transfer increases the cumula-
tive pregnancy rate and decreases the cost; in addition, it is 
easy to perform and can be applied in a shorter time duration 
when compared to repetitive fresh embryo transfers (5). Us-
ing frozen excess embryos obtained as a result of the time-to-
time implementation of in vitro maturation (IVM) in patients 
with polycystic ovaries, successful pregnancies have been 
achieved (6). Therefore, studies have concentrated on factors 
affecting the success rate of FT embryo transfer cycles.

Various cycle protocols are used for the preparation of the en-
dometrium in an FT embryo transfer cycle. In one of these 
procedures, the transfer time is determined either by the 
natural course of a cycle [i.e., in an ovulatory patient exhibit-
ing a natural (spontaneous) cycle] or by inducing ovulation 
during the course of a natural cycle. The second procedure 
involves the artificial preparation of the endometrium through 
the administration of exogenous estrogen and progesterone, 
which can be performed with or without the association of a 
gonadotropin-releasing hormone agonist. In the third proce-
dure, the cycle is stimulated by gonadotropins and ovulation 
is induced by recombinant-human chorionic gonadotropin (r-
Hcg) or hCG; however, this practice is no longer applied (7, 8).

Embryo transfer in a natural (spontaneous) cycle
Both embryo and endometrial development have to be syn-
chronized in FT embryo transfer cycles in order to maximize 
the pregnancy rate (9). This synchronization can be achieved 
in several ways. The easiest is the endocrinological preparation 
of the endometrium during the natural cycle using the patient’s 
own follicular sex steroids. In this application, the timing for 
embryo transfer (ET) is determined by either investigating the 
spontaneous luteinizing hormone (LH) surge or by the admin-
istration of exogenous human chorionic gonadotrophin (hCG) 
to start luteinization (10). Success of the natural cycle depends 
on the accurate determination of the ovulation time and the 
precise estimation of endometrial receptivity (11, 12).
Thawing and transfer procedures have to be performed dur-
ing this receptive period. In the FT cycles performed during a 
natural cycle, urine or blood LH level is regularly analyzed and 
followed up. Ovulation is estimated to occur 36 to 40 hours 
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after the determination of the blood LH surge (13). Urine LH in-
creases 21 hours after the detection of the blood LH surge, and 
this fact has to be taken into consideration when interpreting 
the increase in urine LH (14).
Another problem in determining the time of the spontaneous 
LH surge is the variability of this increase, both among cycles 
and patients (15). At least one measurement, and preferably 
two measurements, has to be performed daily in order to accu-
rately determine the LH surge. The threshold values of urine LH 
kits are highly variable, corresponding to an approximately 30% 
risk of a false-negative result; furthermore, patients state that it 
is hard to interpret the test results (16).
In order to avoid the difficulties of LH follow-ups, ovulation is 
frequently triggered by the administration of hCG during natural 
cycles; this is called the modified natural cycle. This approach 
does not require LH measurement, but the development of a 
dominant follicle has to be regularly investigated and followed 
up with ultrasonography (USG) in order to determine the suit-
able time for hCG administration (17). When the dominant fol-
licle has sufficiently matured and has reached the proper size 
(17–18 mm), hCG is administered to the patient for the final 
oocyte maturation and ovulation. Ovulation occurs about 36 to 
38 hours after hCG administration (13). The administration of 
hCG to induce ovulation in a natural cycle (or modified natural 
cycle) has been reported to negatively affect the rates for ongo-
ing pregnancies (14.3% vs 31.1%) (18).
In natural or modified natural cycles, the embryo transfer is per-
formed three to five days after ovulation, depending on when 
the embryos were frozen (19).
Ovulation may occur unexpectedly while planning a natural cy-
cle, which can lead to difficulties in adjusting the time of thaw-
ing and transferring the embryos. When an unexpected early 
ovulation occurs, the cycle is generally cancelled. In a study by 
Weissman et al. (20), the LH surge was determined on the day 
of hCG administration during a modified natural cycle, and the 
cycle had to be cancelled. However in previous studies, an LH 
surge on the day of hCG administration was shown not to exert 
any negative effect (21, 22).
In most studies related to natural cycle applications, USG and the 
evaluation of estradiol, progesterone, and LH levels were used 
in combination in order to determine the time of thawing and 
transferring the embryos. With regard to timing, this approach is 
more reliable, but it is expensive and problematic. Alternatively, 
the follow-up of the LH surge, using urine LH kits, is an easier and 
more straightforward method; however, it carries with it a higher 
risk of a faulty test result. Cycle cancellation may be inevitable 
in 7% to 12% of natural cycles due to undetected ovulation (18).
Fewer laboratory analyses and USG follow-ups are required for de-
termining the time of hCG administration in the modified natural 
cycle, and it is therefore less troublesome for both the physician 
and the patient. In studies comparing the natural cycle with the 
modified natural cycle, no marked differences were determined 
between the two procedures with regard to clinical pregnancy, on-
going pregnancy, and live births (20, 23). In two studies investigat-
ing the effects of luteal support in the natural cycle, luteal support 
was shown not to affect the results with regard to clinical preg-
nancy (Odds ratio (OR) 0.80, 95% confidence interval (CI) 0.61–1.0 
vs OR 1.1, 95% CI 0.79–1.5). However, luteal support was shown to 
positively affect the results relating to a pregnancy continuing (OR 
1.5, 95% CI 0.58–4.0 vs OR 0.82, 95% CI 0.62–1.1) (20, 24).

Artificial endometrium preparation by the exogenous 
administration of estrogen–progesterone
Another frequently used method for endometrium preparation is 
with the exogenous administration of estrogen and progesterone 
(with or without a gonadotrophin-releasing-hormone (GnRH) ag-
onist), also called the artificial cycle, and is frequently used as an 
alternative for the natural cycle. Rates of clinical pregnancy and 
chemical pregnancy were shown not to differ in artificial cycles 
with regard to the administration of a GnRH agonist (25).
In order to mimic the endocrine conditions of the endometrium 
of a normal cycle in an artificial cycle, estrogen and progester-
one are administered consecutively. Estrogen administration is 
started at the beginning of the cycle, causing endometrial devel-
opment while suppressing dominant follicle development. Es-
tradiol is introduced before the fourth day of the cycle. The earli-
er estradiol is commenced, the less the risk there is of unwanted 
follicular development and ovulation. Estrogen administration is 
continued until the endometrium reaches a thickness of 8 mm 
(determined using an ultrasonographic examination), and pro-
gesterone is then combined to initiate the secretory changes. 
Thus, an attempt is made to mimic the physiologic mid-cycle 
estrogen–progesterone transition (26, 27).
Estrogen can be administered as an oral tablet, transdermal plas-
ter, or transvaginal ring. The most widely used forms are oral mi-
cronized estradiol or transdermal estradiol. Serum estradiol levels 
and endometrial thickness were not found to differ between these 
two applications (28). Some of the orally administered estradiol 
valerate is converted to estrone in the intestinal system (29). Es-
tradiol and estrone are then transferred to the liver via the portal 
system, and converted there to estriol. During this transportation 
process, circulatory estrogen activity decreases by 30% (30).
The commonly used forms are currently estradiol valerate and 
micronized estrogens. Estradiol valerate (Progynova, Shering; 
Berlin, Germany) is administered throughout the cycle as fol-
lows: 1 mg on days 1 to 5, 2 mg on days 6 to 9, 6 mg on days 10 
to 13, 2 mg on days 14 to 17, 4 mg on days 18 to 26, and 1 mg on 
days 27 and 28 (31) (Figure 1).
Estrogen can also be administered by the transdermal route, 
meaning it cannot be metabolized in the liver, which results in 
estradiol valerate concentrations exceeding those of estrone. In 
other words, a more physiological estradiol/estrone ratio (ap-
proximately 1) exists. When estrogen is administered orally, this 
ratio is 0.2, and therefore is not in accordance with the physi-
ological values (32).
Transdermal estrodiol valerate (Estraderm, CIBA Pharmaceutical 
Co.; Summit, NJ, USA) plasters are applied on the lower abdomi-
nal region, whereby between day 1 and 6 of the cycle, plasters 
are applied as a dose of 50 micrograms once every three days; 
between day 7 and 9, one plaster of 100 micrograms; on days 10 
and 11, a 200 microgram plaster; and between day 12 and 14, four 
plasters, each of 100 micrograms (400 micrograms total) are used. 
Between day 15 and 17, the dose is decreased to 100 micrograms, 
but is then increased again to 200 micrograms between day 18 
and 28 of the cycle. In this protocol, an estradiol concentration 
exceeding 200 pg/mL is accepted to be sufficient (33). However, 
transdermal estrogen application can cause fluctuations in estro-
gen concentrations, and it may sometimes be difficult to maintain 
a constant steroid level. Another reason for preferring the trans-
dermal route to oral administration is the unchanged serum lipid 
levels, coagulation factors, and renin substrate (34).
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Pregnancy rates were not found to differ between oral and 
transdermal administration (35). However, transvaginal estro-
gen reaches only 25% of the circulatory level of the same dose 
of estrogen administered orally; furthermore, it damages the ef-
fect of the vaginal progesterone used for luteal support, making 
transvaginal estrogen a less favored application (36).
Progesterone can either be administered in artificial cycles us-
ing the intramuscular route, or as vaginal suppositories or vagi-
nal gels. With regard to the pregnancy rates in donor cycles, 
Glujovsky et al. (37) could not detect any difference between 
vaginal and intramuscular administration. The starting time for 
progesterone administration depends on endometrial thickness 
but not on the duration of estrogen administration. Progester-
one administration can only be commenced when the endo-
metrium thickness exceeds 8 mm (38, 39).
Natural progesterone (Federa, Sterop; Brussels, Belgium) or mi-
cronized progesterone (Utrogestan, Piette; Brussels, Belgium) 
are the most generally used progesterone preparations. The 
administration of natural progesterone is commenced intra-
muscularly in a dose of 50 mg on day 14 of the cycle, and is 
continued in a dose of 100 mg daily between days 15 and 26. 
Micronized progesterone is administered vaginally in a dose of 
100 mg or 200 mg on day 14 of the cycle, and is continued in a 
dose of 300 mg or 600 mg daily between days 15 and 26 (40).
Orally administered micronized progesterone was shown not 
to be suitable for preparing the endometrium for implantation. 
None of the biopsy investigations was observed to be compati-
ble in this respect (41). Vaginal progesterone was determined to 
form a secretory phase of endometrium that resembles that of 
the natural cycle (42). In intramuscular progesterone adminis-
tration, 43% of the endometria cases were found to be in accor-
dance with the cycle phase; in the rest of the cases, increased 
asynchronous maturation was detected (43).
In artificial preparation, the time for thawing and transferring 
the embryos is planned according to the commencement of 
progesterone support. The exogenous administration of estro-
gen and progesterone does not guarantee the complete sup-
pression of the pituitary gland; in other words, a dominant fol-
licle may develop. The developing follicle may also undergo 
spontaneous luteinization, which leads to the early exposure of 
the endometrium to progesterone, and thus incorrect calcula-
tions for thawing and transfer times. For these reasons, GnRH 
agonists can be added to the treatment protocols in order to 
downregulate the pituitary, thus preventing follicular develop-
ment. Both of the artificial cycles are less physiological due to 
exogenous drug administration; however, they are practical and 
easy to apply, and hence preferred both by physicians and pa-
tients. However, with regard to overall ongoing pregnancy rates, 

it has not yet been totally clarified which procedure offers the 
superior method (44). Table 1 shows the alternative estrogen 
and progesterone application methods.

Which method is preferable?
When eight retrospective studies, including 8152 cycles, and 
one randomized controlled study including 111 cycles were 
investigated in the literature, no differences were observed 
between the natural cycles and artificial cycles with regard to 
clinical pregnancy (OR 1.2, 95% CI 0.86–1.6), ongoing pregnancy 
(OR 1.2, 95% CI 0.95–1.5), or live births (OR 1.2, 95% CI 0.93–1.6) 
(45). In four studies comparing natural cycles with GnRH ago-
nist-supported artificial cycles, clinical pregnancy and live births 
did not differ (46, 47-49). Furthermore, clinical pregnancy was 
determined not to differ between the artificial cycles and GnRH-
supported artificial cycles (44, 50, 51).
Some studies have shown that endometrial thickness positively 
affects pregnancy rates in FT cycles (39, 52, 53). Complete down-
regulation cannot be guaranteed in artificial cycles, and early lu-
teinization may therefore exist in 5% of cases. Estradiol levels are 
higher in the artificial cycles than in natural cycles, and conse-
quently, the endometrium has been reported to be thicker in the 
artificial cycles (30); however, in some studies, such a difference 
has not been detected (54). Non-physiologically high estradiol 
levels have been claimed to cause endometrial damage and vari-
ances in the implantation window (55). Broadly, this is the main 
problem in IVF applications. If this claim were taken into account, 
low pregnancy rates would be expected in the artificial cycles 
because of high E2 levels. However, such a negative effect has not 
been shown in the artificial cycles, and this claim of a negative 
effect needs to be investigated in further studies.
Pregnancy rates do not differ between the natural and artificial 
cycles; therefore, laboratory conditions, social status, and physi-
cians’ and patients’ preferences are effective for making a deci-
sion in the choice between these two procedures. In a study by 
Gelbaya et al. (56), the natural cycles and downregulated artifi-
cial cycles did not differ from each other in this respect.
Clinical pregnancy, ongoing pregnancy, and live birth rates have 
not been found to differ between endometrial preparations in-
duced by human menopausal gonadotrophin (HMG) or by ex-
ogenously administered estrogen–progesterone in patients with 
polycystic ovary syndrome (PCOS) or those with anovulation; 
however, a thin endometrium was more frequently observed in 
HMG-induced cycles (57, 58).
Some studies have shown that long-term GnRH agonist admin-
istration before IVF/ICSI in infertile women with endometriosis 
or adenomyosis significantly increases the chances of pregnan-
cy (59). It may be true for FT embryo transfer cycles. In a study 

Figure 1. Doses and days of estrogen in the artificial cycle. This figure shows the days and doses of estrogen administration in patients with 
an artificial endometrial preparation.
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involving patients administered a GnRH agonist combined with 
estrogen and progesterone, clinical pregnancy, implantation, 
and ongoing pregnancy rates were 51.35%, 32.56%, and 48.91%, 
respectively, which were significantly higher than the rates in 
patients administered only estrogen and progesterone (24.83%, 
16.07%, and 21.38%, respectively) (60).
Briefly, in light of the current literature, it is difficult to determine 
which method is better for endometrial preparation. All current 
procedures appear to be equally successful with regard to on-
going pregnancy rates. Most studies are retrospective, and this 
may lead to prejudice during the comparisons. The preferences 
of patients and the impact of costs have not been taken into 
consideration during studies. Therefore, it is necessary to con-
duct randomized controlled studies in a prospective manner, 
which should also evaluate the above-mentioned factors.
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