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Abstract The use of GnRH agonist downregulation in artificial endometrium priming cycles for cryopreserved embryo transfer was
retrospectively investigated to establish whether higher live birth rates resulted. Six hundred and ninety-nine patients underwent
1129 artificial endometrium priming cycles for the transfer of cryopreserved embryos between 1 July 2009 and 1 June 2012. Hor-
monal supplementation with (group A, n = 280 cycles) or without (group B, n = 849 cycles) GnRH agonist co-treatment was given.
Live birth rates were comparable between the two groups per started cycle (14.9% [41/275] in group A versus 15.1% [127/839] in
group B) or per embryo transfer (17.5% [41/234] in group A versus 17.6% [127/723] in group B). After logistic regression analysis, the
only variables that were significantly associated with live birth rates were day of embryo transfer (OR 0.69; 95% CI 0.48 to 0.98) for
day 3 versus day 5 embryos, the number of embryos transferred (OR 2.13; 95% CI 1.58 to 2.86) for two embryos versus one embryo
transferred and the endometrial thickness on the day of embryo transfer (OR 1.15; 95% CI 1.05 to 1.25). Live birth rates after cryopreserved
embryo transfer in artificial cycles did not increase when a GnRH agonist was administered.
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Introduction

Embryo cryopreservation has become a routine procedure in
assisted reproductive technology ever since the transfer of
a frozen-thawed human embryo resulted in pregnancy in 1983
(Trounson and Mohr, 1983). The increased use of single embryo
transfer strategies in many assisted reproductive technol-
ogy programmes worldwide has substantially enhanced the
number of surplus embryos for cryopreservation, urging the
development of successful frozen–thawed embryo transfer
(FET) protocols (Tiitinen et al., 2001). This was further re-
inforced by investigators supporting the use of FET as an effort
to eliminate the incidence of ovarian hyperstimulation syn-
drome (OHSS) through segmentation of the IVF treatment
(Devroey et al., 2011). More recent data suggest that FET
results in significantly higher ongoing pregnancy rates com-
pared with fresh embryo transfer (Roque et al., 2013).

Although advances in embryo cryopreservation tech-
niques, such as the introduction of embryo vitrification, have
substantially improved embryo survival after warming (Loutradi
et al., 2008), optimal synchronization between the endome-
trial development and the embryo remains essential (Edwards,
1988; Harper, 1992). When an FET is performed, endome-
trial preparation may be achieved in a natural or an artifi-
cial way. Several randomized controlled trials have been
published examining the effects of different methods of en-
dometrial preparation for cryopreserved embryo transfer, but
evidence of a single best endometrium priming protocol is still
lacking (Glujovsky et al., 2010; Groenewoud et al., 2012,
2013).

In patients with a regular menstrual cycle, the transfer of
a cryopreserved embryo can be successfully conducted in a
natural cycle based on detection of the LH surge that pre-
cedes ovulation (using serum or urine LH monitoring) or by
triggering ovulation with HCG (Cohen et al., 1988). In a ran-
domized controlled trial by Fatemi et al. (2010), a signifi-
cantly lower pregnancy rate was observed after triggering with
HCG compared with the detection of the spontaneous LH peak.
Nevertheless, these findings have been questioned in a further
small randomized controlled trial, which showed no differ-
ence between both approaches (Weissman et al., 2011).
Impediments to the use of the natural cycle include
oligomenorrhoea and the occurrence of early spontaneous ovu-
lation resulting from cycle irregularities; this leads to cycle
cancellation, despite cycle monitoring.

To minimize the risk of cycle cancellation, intensified cycle
monitoring may be considered, which is time consuming and
more expensive, despite the omittance of medication.

Another approach for endometrial preparation is the ar-
tificial hormonal cycle, originally developed for patients un-
dergoing oocyte donation, which has also been used
successfully in patients undergoing FET (Younis et al., 1996).
Taking into account the minimal cycle monitoring related to
such a practice (i.e. hormonal analyses and ultrasound scans
of the endometrium), the protocol of exogenous oestrogen
and progesterone administration is widely used for endome-
trial preparation (Younis et al., 1996). Disadvantages of this
approach include the cost, inconvenience for the patient, side-
effects of oestrogen supplementation (e.g. increased throm-
botic risk) and prolonged treatment (especially in case of
pregnancy).

In addition to the administration of oestrogen and pro-
gesterone, a GnRH agonist is often added to the artificial cycle
protocol to prevent spontaneous ovulation. In a randomized
controlled trial involving 234 patients undergoing FET, cycles
without ovarian suppression using GnRH agonist were asso-
ciated with reduced clinical pregnancy and live birth rates
per cycle (El-Toukhy et al., 2004), mainly due to a higher cycle
cancellation rate. Endocrine cycle monitoring, however, was
not carried out in that study, and data on the incidence of
premature ovulation were not available. The results of this
trial strongly contradict the results of a Cochrane system-
atic review of four studies, including the study by El-Toukhy
et al. (2004), (n = 725), which could not demonstrate any
benefit of clinical pregnancy rate and cancellation rates when
GnRH agonists were used (Ghobara and Vandekerckhove,
2008). The three other randomized trials included in this meta-
analysis failed to find any significant difference in clinical preg-
nancy rates (Dal Prato et al., 2002; Loh et al., 2001; Simon
et al., 1998) when the GnRH agonist was omitted. Similarly,
another systematic review (Glujovsky et al., 2010) evaluat-
ing clinical pregnancy rates in women undergoing embryo
transfer with frozen embryos or embryos derived from donor
oocytes, had similar results, failing to reveal any significant
benefit in clinical pregnancy rates. In view of the conflicting
clinical pregnancy and live birth rates, we decided to analyse
the data available from a large cohort of FET cycles in our
centre, to evaluate whether addition of GnRH agonist may
indeed increase live birth rates.

Materials and methods

Between 1 July 2009 and 1 May 2012, data from all artificial
endometrium priming cycles for cryopreserved embryo trans-
fer were analysed. Inclusion criteria were women’s age 39
years or younger at the time of embryo cryopreservation and
having undergone one or more cycles with the same proto-
col for all consecutive cycles (either with or without GnRH
agonist). No cross-over was allowed across different cycles.

The FET cycles were carried out either after ovarian stimu-
lation followed by conventional IVF or intracytoplasmic sperm
injection (ICSI). The use of donor oocytes was excluded. The
study protocol was approved by the Ethics Committee of our
institution (B.U.N. 143201214922 on 20 September 2012).

Ovarian stimulation and IVF–ICSI treatment

Different protocols for ovarian stimulation were used (i.e. long
and short GnRH agonist protocols and the GnRH antagonist
protocol). Triggering with HCG was carried out as soon as three
follicles 17 mm or wider were observed by ultrasound scan.
Oocytes were retrieved 36 h after HCG injection. The col-
lected oocytes were inseminated either via conventional IVF
or via ICSI.

Cryopreservation and thawing–warming procedure

Embryos were cryopreserved on day 3 or on day 5 of embryo
culture. Day 3 embryos were cryopreserved using either slow
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freezing or vitrification. For slow-controlled freezing and
thawing, the protocol was used with dimethylsulphoxide
(DMSO) as the cryoprotectant as described previously (Van den
Abbeel and Van Steirteghem, 2000). Embryos were vitrified
by closed vitrification using closed blastocyst vitrification high
security straws (Cryo Bio System) combined with with
dimethylsulphoxide and ethylene glycol bis(succinimidyl suc-
cinate) as the cryoprotectants (Irvine ScientificR Freeze Kit)
(Van Landuyt et al., 2011). Day 5 and day 6 blastocysts were
vitrified using the same protocol, as described for day 3 embryo
vitrification.

Preparation of the endometrium

In both groups, artificial preparation of the endometrium con-
sisted of 7 days of oestradiol valerate (Progynova®; Bayer-
Schering Pharma AG, Berlin, Germany) at a dose of 2 mg twice
daily, followed by 6 days of oestradiol valerate at a dose of
2 mg three times daily. On day 13, endometrial thickness was
measured by ultrasound scan, and serum oestradiol and pro-
gesterone levels were analysed. If serum progesterone levels
were over 1.5 ng/mL, the cycle was cancelled. If the endo-
metrial thickness was 7 mm or less, and a triple-line endo-
metrium was present, progesterone supplementation was
started, as described below. If the endometrium was less than
7 mm mm in thickness, patients continued to take oral oes-
tradiol at a dose of 2 mg three times daily until the endome-
trium thickness was 7 mm or greater, at which point
progesterone supplementation was started. If the endome-
trial thickness remained less than 7 mm in spite of pro-
longed oestradiol priming (with amaximum of 7 days additional
oestrogen supplementation), the cycle was cancelled.

Patients were eligible only if the same endometrial prepa-
ration protocol was used in consecutive FET cycles (no cross-
over was allowed between GnRH downregulated and non-
downregulated cycles).

In GnRH-downregulated cycles (group A) buserelin nasal
spray (Suprefact®, Hoechst UK Ltd., Hounslow, Middlesex, UK)
was initiated from day 21 of the cycle onwards at a dose of
0.2 mg three times daily. This regimen was continued for 14
days. If basal hormonal serum levels were observed after 2
weeks (oestradiol < 80 ng/l and progesterone < 1.5 ng/ml),
oestradiol valerate was started. If not, buserelin nasal spray
was continued until basal hormone levels were achieved. Daily
buserelin nasal spray was continued until the first preg-
nancy test if patients still had cryopreserved embryos avail-
able, to be able to perform a next cryopreserved embryo
transfer in case no pregnancy occurred after the current
cryopreserved embryo transfer. If no embryos were left,
buserelin was stopped on the day progesterone was started
(El-Toukhy et al., 2004). The decision of whether or not to
add GnRH agonist to the protocol depended on physicians’
preference.

In the control group, cycles that did not use GnRH agonist
(group B), oestradiol valerate priming was started on days 1–3
of the cycle, after hormonal serum analysis, to detect a pre-
mature oestradiol rise owing to early follicular recruitment
or the presence of an ovarian cyst. If circulating oestradiol
levels were more than 80 ng/l, the cycle was cancelled.

In both groups, micronized vaginal progesterone
(Utrogestan®; Besins, France) 200 mg three times daily) was

started as soon as endometrial thickness measured 7 mm or
more.

Cryopreserved day 3 or day 5 embryos were transferred
5 days and 7 days after progesterone initiation, respec-
tively. Cryopreserved embryo transfers were performed under
ultrasound guidance using a Cook ET catheter (K-soft-5100;
Cook, Bloomington, IN).

Assessment of pregnancy outcome

Serum beta-HCG levels were measured 12 days after embryo
transfer. If the test was positive, daily oestradiol valerate and
progesterone supplementation were continued until the 12th
week of pregnancy (Remohi et al., 1995). An ultrasound scan
was carried out 4–5 weeks after embryo transfer to deter-
mine fetal viability. Clinical pregnancy was defined as the pres-
ence of one or more gestational sacs on ultrasound at 7 weeks
of gestational age. Spontaneous abortion was defined as the
loss of a clinical pregnancy up to 20 gestational weeks. Live
birth was defined as the delivery of at least one live born
baby, irrespective of the duration of the pregnancy
(Zegers-Hochschild et al., 2009).

Outcome measures

The primary end-point of the study was the live birth rate per
cycle after cryopreserved embryo transfer. Secondary end-
points included clinical pregnancy rate, early pregnancy loss
(spontaneous abortion and biochemical pregnancy), ectopic
pregnancy rate and the occurrence of premature serum pro-
gesterone rise after administration of oestradiol valerate,
which was defined as a serum progesterone level of over
1.5 ng/ml.

Statistical analysis

Continuous variables were analysed using the independent
t-test or Mann–Whitney U test depending on the normality of
the distribution. Normality was examined by the use of the
Shapiro–Wilk test.

Categorical variables were analysed by Pearson’s chi-
squared test or Fisher’s exact test. All values were two-
tailed with a level of significance set at 0.05. All analyses were
performed with the Statistical Package for Social Sciences
(SPSS) version 10 SE (SPSS Inc., USA).

To identify variables that may be related to live birth rate,
stepwise forward logistic regression analysis was conducted
to identify independent variables associated with live birth
rates. Live birth was set as the dependent variable in the
model, with independent variables being the day of embryo
transfer (day 3 or day 5), parity (nulliparous or multipa-
rous), preparation of the endometrium (with or without GnRH
agonist), indication for fertility treatment (Table 1), outcome
of the fresh IVF–ICSI treatment, cryopreservation protocol
(slow freezing or vitrification), age, number of embryos trans-
ferred, endometrial thickness and body mass. The signifi-
cance level of the candidate predictive variables to enter the
model was set to 0.05 and to stay in the model, it was set to
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0.10. After selection of the candidate variables, the final model
included those prognostic variables with statistical signifi-
cance according to the Wald statistic test at a threshold of
0.05. The goodness-of-fit of the normal regression models was
assessed by the Hosmer–Lemeshow goodness-of-fit test.

Results

In total, 1129 cycles were included in the analysis. Two
hundred and eighty cycles (n = 185) were carried out with hor-
monal supplementation with GnRH agonist co-treatment (group
A), and in 849 cycles (n = 514) only hormonal supplementa-
tion without the use of GnRH agonist co-treatment was
adopted (group B). Patients’ baseline characteristics are pre-
sented in Table 1. As shown, no significant difference was
found between the two groups in demographic characteris-
tics such as weight, height and body mass index (Table 1).
Mean age was significantly higher in group A (32.5 years, SD
3.8) compared with group B (31.3 years, SD 4.1) (P < 0.01).
Indications for fertility treatment included male factor in-
fertility, tubal infertility, ovulation disorders, endometrio-
sis, genetic factors (i.e. pre-implantation genetic diagnosis)
and idiopathic infertility, and were similar in both treat-
ment arms (Table 1). The outcome of the fresh embryo trans-
fer (in terms of clinical pregnancy) was not significantly
different between the two groups (78 out of 185 fresh cycles
[42.2%] in group A versus 212 out of 514 [41.2%]) in group B).

Endometrial thickness at the moment of progesterone ad-
ministration was comparable between groups (8.3 mm [SD 2.0]
in group A and 8.2 mm in group B [SD 2.0]). The number of
thawed/warmed embryos (with a median of 2 in group A
[quartile range: 1–2] and 2 in group B [quartile range 1–2]),
as well as the number of transferred embryos per cycle (with
a median of 1 in group A (quartile range 1–2) and 1 in group
B [quartile range 1–2]) was similar (Table 2). No statisti-
cally significant difference were observed in the distribu-
tion of cleavage stage or blastocyst transfers in both groups:
38.1% (91/239) in group A versus 41.9% (307/733) in group B

for cleavage stage embryos; 61.9% (148/239) in group A versus
58.1% (426/733) in group B for blastocyst transfers (Table 2),
nor in the distribution of slow freezing versus vitrification in
both groups: 15.6% (42/270) in group A versus 15.3% (123/
802) in group B for slow freezing; 84.4% (228/270) in group
A versus 84.7% (679/802) in group B for vitrification) (Table 2).

Out of the 280 started cryopreserved embryo transfer cycles
in group A, 41 did not reach embryo transfer (14.6%); The
number of cancelled cryopreserved embryo transfer cycles
in group B was 116 out of 849 cycles (13.7%). The reason for
cancellation was similar between the two study groups, except
for premature progesterone rise. In group B, premature pro-
gesterone rise occurred in 1.9% (16/849), whereas there was
not a single cycle with premature progesterone rise in group
A (P = 0.021) (Table 3). The mean value of progesterone in
case of a premature progesterone rise, was 8.4 ng/mL (SD 4.6).
Cycle cancellation owing to insufficient embryo quality after
thawing and warming occurred in 31 out fo 280 cycles in group
A (11.1%), versus 69 out of 849 cycles in group B (8.1%). Other
reasons for cycle cancellation (e.g. thin endometrium, fluid
in the uterine cavity, decision of the patient to stop treat-
ment) were not statistically significant between the two groups
(group A 10/280 [3.6%] versus group B: 31/849 [3.7%]).

Live birth rate per started cycle (41/275 in group A [14.9%]
versus 127/839 in group B [15.1%] and live birth rate per
embryo transfer (41/234 in group A [17.5%] versus 127/723
in group B [17.6%]) were not statistically different. No infor-
mation could be found on pregnancy outcome after 10 weeks
of gestational age in five and 10 cycles in group A and B, re-
spectively. They were considered lost to follow up.

Clinical pregnancy rates per started cycle did not differ
between the two groups: 47 out of 280 in group A (16.8%)
versus 137 out of 849 in group B (16.1%). Clinical pregnancy
rates per embryo transfer were not statistically different either
(47/239 in group A [19.7%] versus 137/733 in group B [18.7%].
Also, early pregnancy loss (spontaneous abortion and bio-
chemical pregnancy) and ectopic pregnancy rates were similar
in both arms (Table 3).

Multivariable logistic regression analysis showed that age,
body mass index, parity, endometrial preparation protocol,
cryopreservation protocol, outcome of the fresh IVF–ICSI cycle
and indication for fertility treatment were not associated with
live birth rates. On the contrary, number of embryos trans-
ferred, day of embryo transfer and endometrial thickness at
day of planning were the only independent variables signifi-
cantly associated with live birth rate (odds ratio [OR] 2.13;
95% confidence interval [CI] 1.58 to 2.86 for live birth for
women having two embryos transferred compared with women
having one embryo transferred; OR 0.69, 95% CI 0.48 to 0.98)
for live birth for women having a cleavage stage embryo trans-
fer compared with women having blastocyst transfer; and OR
1.15, 95% CI 1.05 to 1.25) for live birth for endometrial thick-
ness on the day of progesterone administration.

Discussion

The results of this large cohort study in 1129 cryopreserved
embryo transfer cycles show that cryopreserved embryos can
successfully be transferred in an artificial endometrium priming
cycle without the use of GnRH agonist before endometrial
preparation. Live birth rates were unaffected, regardless of

Table 1 Baseline characteristics of the patients included.

Group Aa Group Bb

(n = 280) (n = 849)

Age (years) (SD) 32.5 (3.8) 31.3 (4.1)c

Height (cm) (SD) 166.3 (7.5) 165.7 (7.1)
Weight (kg) (SD) 65.1 (14.6) 66.7 (14.3)
BMI (kg/m2) (SD) 23.6 (4.8) 24.3 (5.1)
Indication for fertility treatment

Male (%) 72 (25.7) 204 (24.0)
Tubal (%) 15 (5.4) 57 (6.7)
Ovulation disorder (%) 71 (25.4) 268 (31.6)
Endometriosis (%) 27 (9.6) 52 (6.1)
Genetic (%) 37 (13.2) 136 (16.0)
Idiopathic (%) 52 (18.6) 120 (14.1)
Other (%) 6 (2.1) 12 (1.4)

aOestrogen plus progesterone plus GnRH agonist.
bOestrogen plus progesterone.
cP < 0.01.
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co-administration of a GnRH agonist. Because of the retro-
spective design of this trial, results need to be interpreted
with caution.

As far as clinical pregnancy rates are concerned, our results
are in line with previously published prospective random-
ized studies (Dal Prato et al., 2002; Loh et al., 2001; Simon
et al., 1998). In those studies, the investigators concluded that
endometrial preparation for frozen–thawed embryo trans-
fer using steroid supplementation only is as effective as en-
dometrial preparation involving preliminary pituitary
desensitization (Dal Prato et al., 2002). Another random-
ized trial, however, showed significantly lower pregnancy and

live birth rates without GnRH agonist co-treatment (El-Toukhy
et al., 2004). In the latter trial, however, cycle monitoring
was carried out by ultrasound scans only, without endocrine
monitoring. In addition, the mean duration of the prolifera-
tive phase was nearly 3 weeks, which may have predisposed
patients in the non-down-regulated group to a higher rate of
ovulation (El-Toukhy et al., 2004).

An interesting observation in relation to our study dataset
is that age was statistically significantly higher in the GnRH
agonist downregulated group (32.5 versus 31.3 years, P < 0.01),
although this difference is probably not clinically signifi-
cant. This finding might be attributed to the treatment

Table 2 Embryological data.a

Group Ab Group Bc

Number of embryos thawed and warmed:
median (quartile range)

2 (1–2) 2 (1–2)

Number of embryos transferred per cycle:
median (quartile range)

1 (1–2) 1 (1–2)

Day of embryo transfer
Day 3 (cleavage stage) (%) 91/239 (38.1) 307/733 (41.9)
Day 5 (blastocyst stage) % 148/239 (61.9) 426/733 (58.1)

Cryopreservation protocol
Slow freezing (%) 42/270 (15.6) 123/802 (15.3)
Vitrification (%) 228/270 (84.4) 679/802 (84.7)

aNo statistically significant differences between the two groups.
boestrogen plus progesterone plus GnRHa.
cOestrogen plus progesterone.

Table 3 Clinical outcome.

Group Aa Group Bb

Cycles without embryo transfer 41/280 (14.6) 116/849 (13.7)
Failed embryo thaw–warming (%) 31/280 (11.1) 69/849 (8.1)
Premature progesterone rise (%) 0/280 (0) 16/849 (1.9)f

Other (%) 10/280 (3.6) 31/849 (3.7)
Clinical pregnancy

Per started cycle (%) 47/280 (16.8) 137/849 (16.1)
Per embryo transferc (%) 47/239 (19.7) 137/733 (18.7)

Early pregnancy loss
Per started cycle (%) 27/280 (9.6) 90/849 (10.6)
Per embryo transferc (%) 27/239 (11.3) 90/733 (12.3)

Ectopic pregnancy
Per started cycle (%) 3/280 (1.1) 10/849 (1.2)
Per embryo transferc (%) 3/239 (1.3) 10/733 (1.4)

Live birth
Per started cycled (%) 41/275 (14.9) 127/839 (15.1)
Per embryo transfere (%) 41/234 (17.5) 127/723 (17.6)

aOestrogen plus progesterone plus GnRHa.
bOestrogen plus progesterone.
cIn group A, 41 patients did not undergo embryo transfer; in group B, 116 did not undergo embryo
transfer.
dIn group A, five patients pregnancy was unknown (i.e. lost to follow up); in group B, 10 preg-
nancy outcomes were unknown.
eIn group A, 41 patients did not undergo embryo transfer and pregnancy outcome was unknown
in five patients (i.e. lost to follow-up); in group B, 116 patients did not undergo embryo trans-
fer and 10 patients were lost to follow-up.
fP = 0.021.
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policies obtained by individual physicians. It is a fact that
women of advanced reproductive age may experience shorter
menstrual cycles and therefore an increased incidence of early
spontaneous ovulation, given that increasing age is associ-
ated with a shortening of the mean menstrual cycle length
(Brodin et al., 2008; Treloar et al., 1967). Therefore, it may
be hypothesized that the physician’s decision of whether or
not to administer GnRH agonist was based on their willing-
ness to prevent cancellation owing to a shorter cycle in women
of more advanced reproductive age.

In our study, cancellation rates caused by premature ovu-
lation (defined as a premature progesterone rise) were only
1.9% in cryopreserved embryo transfer cycles when no GnRH
agonist was administered. Cryopreserved embryo transfer
cycles without GnRH agonist co-treatment are more patient-
friendly because of the avoidance of potential side-effects
caused by GnRH agonist, such as fatigue and other symp-
toms of oestrogen deprivation. Furthermore, omittance of
GnRH agonist lowers the cost of a treatment cycle, without
compromising pregnancy and live birth rates. Overall,
cryopreserved embryo transfer cycle cancellation rate of 2%
has been reported (Queenan et al., 1997), but the risk of can-
cellation owing to ovulation has been reported to be as high
as 7.4% (Dal Prato et al., 2002; Pattinson et al., 1992), which
has been ascribed to a delay in oestrogen initiation (Remohi
et al., 1993) or to an insufficient oestrogen dose (Simon et al.,
1998).

Given the low cancellation rates owing to progesterone rise
in our study (1.9%), the results need to be interpreted with
caution. Although this difference was statistically signifi-
cant (which simply implies that measurement of progester-
one should be performed), from a clinical and cost-effective
point of view, it is questionable whether measurement of pro-
gesterone levels may indeed significantly improve patients’
outcome, owing to the extremely low incidence of proges-
terone rise and escape ovulation in these patients.

An additional preventive measure to further reduce the in-
cidence of premature progesterone rise, and thus totally avoid
hormonal measurement, might be the use of higher oestro-
gen starting doses (e.g. 6 mg daily from day 1–3 of the cycle
onwards), to further suppress gonadotrophin release and
prevent the occurrence of follicular dominance and exces-
sive LH secretion (Simon et al., 1998). Finally, starting oes-
trogen treatment from day 3 (or later) of the cycle onwards
has been shown to be associated with a higher spontaneous
LH secretion and postovulatory changes observed on day 15
compared with cycles in which oestrogen was given from day
1 onwards (de Ziegler et al., 1991; Remohi et al., 1993). It
is questionable, however, whether such an approach may in-
crease both the physical burden and the cost related to treat-
ment.

In terms of patient friendliness and convenience, natural
cycle cryopreserved embryo transfer is indeed more friendly
and less expensive owing to the lack of exogenous medica-
tion administration and the lower treatment cost. Artificial
endometrial preparation, however, can be of paramount im-
portance for everyday clinical practice, as it is the only option
to treat women with oligo- or amenorrhoea, whereas it may
contribute towards avoiding embryo transfers during week-
ends or holidays. Therefore, identification of the optimal pro-
tocol for artificial endometrial preparation has a key role in
patients’ fertility care.

In conclusion, live birth rates are not impaired when GnRH
agonist is omitted in artificial endometrium priming cycles
when adequate endocrine monitoring is carried out. Al-
though GnRH agonist co-treatment eliminates the risk of pre-
mature progesterone rise, its low incidence does not justify
the routine use of a GnRH agonist for cryopreserved embryo
transfer cycles in everyday clinical practice, whereas it is ques-
tionable whether meticulous hormonal level monitoring may
indeed contribute towards an increase in live birth rates.

Acknowledgements

We specially want to thank Lieve Vanwittenbergh for the
completion of the database.

References

Brodin, T., Bergh, T., Berglund, L., Hadziosmanovic, N., Holte, J.,
2008. Menstrual cycle length is an age-independent marker of
female fertility: results from 6271 treatment cycles of in vitro fer-
tilization. Fertil. Steril. 90, 1656–1661.

Cohen, J., De Vane, G.W., Elsner, C.W., Kort, H.I., Massey, J.B.,
Norbury, S.E., 1988. Cryopreserved zygotes and embryos and en-
docrinologic factors in the replacement cycle. Fertil. Steril. 50,
61–67.

de Ziegler, D., Cornel, C., Bergeron, C., Hazout, A., Bouchard, P.,
Frydman, R., 1991. Controlled preparation of the endometrium
with exogenous estradiol and progesterone in women having func-
tioning ovaries. Fertil. Steril. 56, 851–855.

Dal Prato, L., Borini, A., Cattoli, M., Bonu, M.A., Sciajno, R., Flamigni,
C., 2002. Endometrial preparation for frozen-thawed embryo trans-
fer with or without pretreatment with gonadotropin-releasing
hormone agonist. Fertil. Steril. 77, 956–960.

Devroey, P., Polyzos, N.P., Blockeel, C., 2011. An OHSS-free clinic
by segmentation of IVF treatment. Hum. Reprod. 26, 2593–
2597.

Edwards, R.G., 1988. Human uterine endocrinology and the implan-
tation window. Ann. N. Y. Acad. Sci. 541, 445–454.

El-Toukhy, T., Taylor, A., Khalaf, Y., Al-Darazi, K., Rowell, P., Seed,
P., et al., 2004. Pituitary suppression in ultrasound-monitored
frozen embryo replacement cycles. A randomised study. Hum.
Reprod. 19, 874–879.

Fatemi, H.M., Kyrou, D., Bourgain, C., Van den Abbeel, E., Griesinger,
G., Devroey, P., 2010. Cryopreserved-thawed human embryo trans-
fer: spontaneous natural cycleis superior to human chorionic
gonadotropin-induced natural cycle. Fertil. Steril. 94, 2054–
2058.

Ghobara, T., Vandekerckhove, P., 2008. Cycle regimens for frozen-
thawed embryo transfer. Cochrane Database Syst. Rev. (1),
CD003414.

Glujovsky, D., Pesce, R., Fiszbajn, G., Sueldo, C., Hart, R.J., Ciapponi,
A., 2010. Endometrial preparation for women undergoing embryo
transfer with frozen embryos or embryos derived from donor
oocytes. Cochrane Database Syst. Rev. CD006359.

Groenewoud, E.R., Macklon, N.S., Cohlen, B.J., 2012. Cryo-thawed
embryo transfer: natural versus artificial cycle. A non-inferiority
trial (ANTARCTICA trial). BMC Womens Health 12, 27.

Groenewoud, E.R., Cantineau, A.E.P., Kollen, J., Macklon, N.S.,
Cohlen, B.J., 2013. What is the optimal means of preparing the
endometrium in frozen-thawed embryo transfer cycles? A sys-
tematic review and meta-analysis. Hum. Reprod. Update 19, 458–
470.

Harper, M.J., 1992. The implantation window. Baillieres Clin. Obstet.
Gynaecol. 6, 351–371.

593GnRH agonist in artificial cryopreserved embryo transfer cycles

http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0010
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0010
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0010
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0010
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0015
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0015
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0015
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0015
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0020
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0020
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0020
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0020
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0025
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0025
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0025
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0025
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0030
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0030
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0030
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0035
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0035
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0040
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0040
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0040
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0040
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0045
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0045
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0045
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0045
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0045
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0050
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0050
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0050
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0055
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0055
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0055
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0055
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0060
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0060
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0060
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0065
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0065
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0065
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0065
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0065
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0070
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0070


Loh, S.K.E., Ganesan, G., Leong, N. Clomid versus hormone endo-
metrial preparation in FET cycles. Abstract book of the 17th World
Congress on Fertility and Sterility (IFFS), Melbourne, Australia.
25–30th November 2001: 3.

Loutradi, K.E., Kolibianakis, E.M., Venetic, C.A., Papanikolaou, E.G.,
Pados, G., Bontis, I., et al., 2008. Cryopreservation of human
embryos by vitrification or slow freezing: a systematic review and
meta-analysis. Fertil. Steril. 90, 186–193.

Pattinson, H.A., Greene, C.A., Fleetham, J., Anderson-Sykes, S.J.,
1992. Exogenous control of the cycle simplifies thawed embryo
transfer and results in a pregnancy rate similar to that for natural
cycles. Fertil. Steril. 58, 627–629.

Queenan, J.T., Ramey, J.W., Seltman, H.J., Eure, L., Veeck, L.L.,
Muasher, S.J., 1997. Transfer of cryopreserved-thawed pre-
embryos in a cycle using exogenous steroids without prior
gonadotrophin-releasing hormone agonist suppression yields
favourable pregnancy results. Hum. Reprod. 12, 1176–1180.

Remohi, J., Vidal, A., Pellicer, A., 1993. Oocyte donation in low re-
sponders to conventional ovarian stimulation for in vitro fertil-
ization. Fertil. Steril. 59, 1208–1215.

Remohi, J., Gutierrez, A., Cano, F., Ruiz, A., Simon, C., Pellicer, A.,
1995. Long oestradial replacement in an oocyte donation pro-
gramme. Hum. Reprod. 10, 1387–1391.

Roque, M., Lattes, K., Serra, S., Sola, I., Geber, S., Carreras, R., et al.,
2013. Fresh embryo transfer versus frozen embryo transfer in in
vitro fertilization cycles: a systematic review and meta-analysis.
Fertil. Steril. 99, 156–162.

Simon, A., Hurwitz, A., Zentner, B.S., Bdolah, Y., Laufer, N., 1998.
Transfer of frozen-thawed embryos in artificially prepared cycles
with and without prior gonadotrophin-releasing hormone agonist
suppression: a prospective randomized study. Hum. Reprod. 13,
2712–2717.

Tiitinen, A., Halttunen, M., Härkki, P., Vuoristo, P., Hyden-Granskog,
C., 2001. Elective single embryo transfer: the value of
cryopreservation. Hum. Reprod. 16, 1140–1144.

Treloar, A.E., Boynton, R.E., Behn, B.G., Brown, B.W., 1967. Varia-
tion of the human menstrual cycle through reproductive life. Int.
J. Fertil. 12, 77–126.

Trounson, A., Mohr, L., 1983. Human pregnancy following
cryopreservation, thawing and transfer of an eight-cell embryo.
Nature 305, 707–709.

Van den Abbeel, E., Van Steirteghem, A., 2000. Zona pellucida damage
to human embryos after cryopreservation and the consequences
for their blastomere survival and in-vitro viability. Hum. Reprod.
15, 373–378.

Van Landuyt, L., Stoop, D., Verheyen, G., Verpoest, W., Camus, M.,
Van de Velde, H., et al., 2011. Outcome of closed blastocyst vit-
rification in relation to blastocyst quality: evaluation of 759
warming cycles in a single-embryo transfer policy. Hum. Reprod.
26, 527–534.

Weissman, A., Horowitz, E., Ravhon, A., Steinfeld, Z., Mutzafi, R.,
Golan, A., et al., 2011. Spontaneous ovulation versus hCG trig-
gering for timing natural-cycle frozen-thawed embryo transfer:
a randomized study. RBM Online 23, 484–489.

Younis, J.S., Simon, A., Laufer, N., 1996. Endometrial preparation:
lessons from oocyte donation. Fertil. Steril. 66, 873–884.

Zegers-Hochschild, F., Adamson, G.D., Ishihara, O., Mansour, R.,
Nygren, K., Sullivan, E., et al., 2009. International Committee for
Monitoring Assisted Reproductive Technology (ICMART) and the
World Health Organization (WHO) revised glossary of ART termi-
nology, 2009. Fertil. Steril. 92, 1520–1524.

Declaration: The authors report no financial or commercial con-
flicts of interest.

Received 25 March 2014; refereed 11 August 2014; accepted 12 August
2014.

594 A Vijver et al.

http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0075
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0075
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0075
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0075
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0080
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0080
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0080
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0080
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0085
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0085
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0085
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0085
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0085
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0090
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0090
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0090
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0095
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0095
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0095
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0100
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0100
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0100
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0100
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0105
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0105
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0105
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0105
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0105
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0110
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0110
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0110
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0115
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0115
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0115
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0120
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0120
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0120
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0125
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0125
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0125
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0125
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0130
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0130
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0130
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0130
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0130
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0135
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0135
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0135
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0135
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0140
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0140
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0145
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0145
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0145
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0145
http://refhub.elsevier.com/S1472-6483(14)00474-X/sr0145

	 Cryopreserved embryo transfer in an artificial cycle: is GnRH agonist down-regulation necessary?
	 Introduction
	 Materials and methods
	 Ovarian stimulation and IVF–ICSI treatment
	 Cryopreservation and thawing–warming procedure
	 Preparation of the endometrium
	 Assessment of pregnancy outcome
	 Outcome measures
	 Statistical analysis
	 Results
	 Discussion
	 Acknowledgements
	 References

