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Abstract

Purpose To compare the clinical outcome of fresh embryo transfer with frozen-thawed embryo transfer in subsequent cycle
of GnRH antagonist protocol.

Methods Totally, 1430 women were enrolled from the cases of our Assisted Reproduction Center from January 2015 to Janu-
ary 2019 for this retrospective cohort study. The inclusion criteria of the subjects included women with ages under 40 years,
3-10 oocytes retrieved, good embryo quality according to gardener score, GnRH antagonist protocol, underwent first cycle
of fresh embryo transfer or freeze-all strategy and transferred in subsequent cycle. However, the patients with endometriosis,
PGD/PGS cycles, history of recurrent pregnancy loss and uterine pathology were excluded. 495 women of group I underwent
fresh embryo transfer in first cycle and 935 patients of group II received frozen-thawed transfer in subsequent cycle. The
primary outcome was clinical pregnancy rate. A logistic regression analysis was performed to determine the variables that
could be independently associated with clinical pregnancy rate. Models were adjusted for covariates including patients’ age,
fertilization type, infertility type, infertility duration, the number of oocytes retrieved, the number of embryos transferred
and type of embryo transferred.

Results Clinical pregnancy rate was significantly higher in frozen-thawed embryo transfer than in fresh embryo transfer
(63.70% vs. 54.50%, p <0.001). Miscarriage rate and ectopic pregnancy rate were comparable between two groups. Vari-
ables independently associated with clinical pregnancy rate were fresh/frozen embryo transfer, patients’ age and the number
of embryos transferred. After adjusting for variables, the frozen embryo transfer [adjusted odds ratio (aOR) 0.75; 95% CI,
0.59-0.95, p=0.016] was a predictive factor of clinical pregnancy rate.

Conclusion Frozen embryo transfer is better than fresh embryo transfer in GnRH antagonist cycle in women with 3—-10
oocytes retrieved.
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Introduction

Gonadotropin-releasing hormone (GnRH) antagonist pro-
tocols have been the mainstay in in vitro fertilization (IVF)
treatment, minimizing the risk of ovarian hyperstimulation
syndrome (OHSS) with the use of GnRH agonist (GnRHa)
for oocyte maturation. However, the luteolysis following
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GnRHa trigger is associated with luteal phase defect which
could in turn decrease clinical pregnancy rate. The potential
adverse effects of GnRH antagonists on endometrial quality
may be detrimental to the pregnancy outcome. Controlled
ovarian hyperstimulation (COH) may also impair endome-
trial receptivity in IVF cycles [1, 2]. Therefore, embryo
cryopreservation has become a routine procedure in some
IVF centers, the “freeze-all” policy has been proven as a
safe and advantageous alternative for OHSS prevention and
restoring endometrial receptivity.

In frozen-thawed embryo transfer (FET) cycles, embryos
are transferred into a more physiological environment,
resulting in better pregnancy outcome and lower mater-
nal and perinatal morbidity as compared to fresh embryo
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transfer [3]. The results can probably be explained by the
improvement of embryo-endometrium synchrony. Another
possible mechanism is the up-regulated progesterone recep-
tor expression associated with COH in fresh cycles.

However, there are controversy regarding the risks and
benefits and patient selection of the freeze-all policy. To
our knowledge, no noninvasive methods are effective to
evaluate endometrium receptivity. First, there were no suf-
ficiently convincing evidences on the cost-effectiveness of
FET. Additionally, other arguments should be taken into
account, namely extra cost and time, longer time to live birth
and stricter cryopreservation techniques. Second, although
obstetrical and perinatal outcomes seemed to be better fol-
lowing FET, it is also related to higher incidence of large for
gestational age (LGA) [4]. Lastly, although cryopreservation
techniques have been effective after improvement, embryo
cryo-damage is not evitable.

The aim of the present study was to compare clinical
pregnancy rate between fresh embryo transfer and freeze-all
strategy plus transfer in subsequent cycle in GnRH antago-
nist protocol.

Materials and methods
Study design and patients

This was a retrospective cohort study in which the IVF is
practiced from January 2015 to January 2019 in the Center
for Assisted Reproductive Technology of Northwest Wom-
en’s and Children’s Hospital, China. Data were extracted
from clinical records. Women patients were eligible if they
met the following criteria: (1) ages under 40 years (2) 3 and
10 oocytes retrieved (3) good embryo quality according to
gardener score (4) GnRH antagonist protocol (5) underwent
first cycle of fresh embryo transfer or freeze-all strategy and
transfer in subsequent cycle. The exclusion criteria were: (1)
endometriosis, (2) PGD/PGS cycles, (3) history of recur-
rent pregnancy loss, and (4) uterine pathology. Totally 1430
women patients were included in this study, in which 495
and 935 subjects received fresh embryo transfer in group I
and frozen embryo transfer in group II, respectively.

IVF and fresh embryo transfer

In our Assisted Reproduction Center, the COH with gon-
adotropin started from day 2 of menses using recom-
binant follicle-stimulating hormone (r-FSH, Gonal F,
Merck Serono, Italy) at an initial dose of 150-300 IU per
day. GnRH antagonist was added when follicle diameter
reached 14 mm. The r-hCG trigger was administrated
when at least two leading follicles reached a diameter of
18 mm. Oocytes were retrieved 36 h later. Conventional
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IVF or intracytoplasmic sperm injection (ICSI) was per-
formed after oocyte retrieval. All patients were assigned
into two groups (as shown in Tables 1 and 2) by doc-
tors’ preference. In group I, one to two high-quality fresh
embryos were transferred into the uterus of women free
of OHSS, high progesterone level (> 1.5 ng/ml) on human
chorionic gonadotropin (hCG) trigger day, then the spare
embryos were cryopreserved for FET later on. In group I,
all the embryos were frozen and patients underwent FET
in the subsequent cycle.

Endometrial preparation for FET

Before FET in group II, the endometrial priming started on
the fifth day of menstrual cycle and estradiol valerate was
orally administered at a dose of 6 mg daily. After 10—12 days
of the endometrial preparation, the transvaginal ultrasonog-
raphy and progesterone level test were performed. If the
endometrial thickness was over 8 mm and progesterone level
under 1.5 ng/ml, progesterone was administrated.

Luteal phase support and FET

In group I, the luteal support was administered using vagi-
nal progesterone (90 mg q.d.; Crinone, Serono, Hertford-
shire, UK), or vaginal progesterone soft capsules (0.2 g t.i.d;
Utrogestan, Besins, France), or intramuscular progesterone
(60 mg q.d.; Zhejiang, Xianju, China), oral progesterone
(10 mg t.i.d.; Dydrogesterone, Abbott Biologicals B.V.,
Netherlands), and by parallel administration of estradiol
valerate (2 mg b.i.d.; Progynova, Bayer, France) until the
confirmation of biochemical pregnancy, and the luteal sup-
port was maintained to week 10 of gestation.

In group II the participants received estradiol valerate
orally at 4-6 mg/day from day 3-5 of subsequent artifi-
cial menstrual cycle. Vaginal progesterone (90 mg q.d.;
Crinone, Serono, Hertfordshire, UK), or vaginal progester-
one soft capsules (0.2 g t.i.d; Utrogestan, Besins, France) or
intramuscular progesterone (60 mg q.d.; Zhejiang, Xianju,
China), and oral progesterone (10 mg t.i.d.; Dydrogester-
one, Abbott Biologicals B.V., Netherlands) were added if
the endometrial thickness is > 8 mm. Frozen embryos were
thawed and one or two high-quality embryos were trans-
ferred into the uterus 4 days (D3 embryos) or 6 days (D5
embryos) in the subsequent cycle after the progesterone
initiation.

All patients were followed up and pregnancy confirmed
with biochemical hCG test 14 days after embryo transfer. If
serum hCG was above 50 IU/I, luteal support maintained to
10 weeks of gestation. Transvaginal ultrasonography was
performed 5 weeks after embryo transfer.
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Table 1 Baseline characteristics Fresh ET (group I) FET (group IT) p value
between fresh embryo transfer (n=495) (n=935)
and FET
Female age (years) 32.12+4.46 32.53+3.96 0.081
Infertility duration (years) 421+3.25 3.77+2.88 0.008
BMI (kg/m?) 22.23+2.89 22.25+3.01 0.638
AFC 10.42+6.02 10.38 +6.10 0.538
No. of oocyte retrieved (n) 7.23+4.11 6.51+2.12 <0.001
Fertilization type (%) 0.887
IVF 76.60 76.00
ICSI 22.00 22.80
IVF+ICSI 1.40 1.20
Infertility type (%) 0.092
Primary infertility 46.50 41.80
Secondary infertility 53.50 58.20
No. of embryo transferred (%) <0.001
1 39.00 25.50
2 60.80 74.30
3 0.20 0.20
Type of embryo transferred (%) 0.274
D3 68.90 71.70
D5 31.10 28.30
Clinical pregnancy rate (%) 54.50 63.70 <0.001
Miscarriage rate (%) 13.33 (36/270) 16.94 (101/596) 0.177
Ectopic pregnancy rate (%) 1.11 (3/270) 1.17 (7/596) 0.936

Data are presented as % (n) or mean=+ SD; significance for differences was measured using Chi squared

test, Kruskal-Wallis

ET embryo transfer, BMI body mass index, AFC antral follicle count, IVF in vitro fertilization, /CSI intra-
cytoplasmic sperm injection, D3/D5 day3/day5

Definition of clinical outcomes

Clinical pregnancy was defined as a pregnancy diagnosed
by ultrasonographic visualization of one or more gestational
sacs or definitive clinical signs of pregnancy. Ectopic preg-
nancy was defined as gestational sac observed by ultrasound
outside the uterine cavity. Miscarriage was defined as spon-
taneous loss of a clinical pregnancy before 22 completed
weeks of gestational age.

Statistical analysis and different models
of adjustment

The descriptive data on participant characteristics were
summarized using the mean and standard deviation for con-
tinuous variables. Counts and proportions were used for the
categorical variables. Chi-square tests were performed to
compare the categorical variables. The analysis of covari-
ance (normally distributed variables) or a Kruskal-Wallis
test (abnormally distributed variables) was used to com-
pare the continuous variables of different groups. Univari-
ate and multivariable conditional logistic regression were
used to analyze the relationship between timing of transfer

in different models. In crude model we did not adjust any
covariates. In model I we only adjusted the patients’ age. In
model IT we adjusted female patients’ age, fertilization type,
infertility type, infertility duration, the number of oocytes
retrieved, the number of embryos transferred and D3/D5
embryo transfer. All statistical analyses were performed with
SPSS Version 13.0 and the level of significance was set at
p<0.05.

Results

The baseline characteristics of groups I and II are pre-
sented in Table 1. Patients’ age, infertility duration, body
mass index (BMI), and antral follicle count (AFC) were all
comparable between two groups (each at p > 0.05). There
were no differences in percentages of different fertilization
types and infertility types, days (D3/D5) of embryo transfer
between two groups (each at p > 0.05). Notably, the number
of oocytes retrieved in fresh embryo transfer was higher than
that in FET (p <0.05). The percentages of the number of
embryo transferred were higher in fresh embryo transfer than
those in FET (p <0.001). However, the clinical pregnancy
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Table 2 Univariate analysis for clinical pregnancy rate

Covariate Statistics OR (95% CI) p value
Timing of embryo transfer

Fresh embryo transfer 495 (34.62%)  Reference

Frozen embryo 935 (65.38%) 0.68 (0.55, 0.85) <0.001

transfer

Female age 32.39+4.14 1.06 (1.03,1.09) <0.001
Fertilization type

IVF 1090 (76.22%) Reference

ICSI 322 (22.52%)  0.95(0.74, 1.23) 0.703

IVF+1CSI 18 (1.26%) 0.30 (0.09, 1.04) 0.058
Infertility type

Primary infertility 621 (43.43%) Reference

Secondary infertility 809 (56.57%)  1.24 (1.00, 1.54) 0.051
Infertility duration 3.92+3.02 1.03 (1.00,1.07)  0.062
No. of oocyte retrieved  6.76+2.98 0.97 (0.94, 1.01) 0.094
No. of embryo transferred

1 431 (30.14%)  Reference

2 996 (69.65%) 0.51 (0.41,0.64) <0.001

3 3(0.21%) 0.48 (0.04,5.38)  0.555
Type of embryo transferred

D3 1011 (70.70%) Reference

D5 419 (29.30%) 0.97 (0.77,1.22)  0.789

Data are presented as n (%) or mean + SD

ET embryo transfer, OR odds ratio, CI confidence interval, IVF
in vitro fertilization, /CSI intracytoplasmic sperm injection

rate in fresh embryo transfer was significantly lower than
that in FET (54.50% vs. 63.70%, p <0.001). Miscarriage rate
and ectopic pregnancy rate were all comparable between two
groups (each at p> 0.05).

Univariate analysis for clinical pregnancy rate is shown
in Table 2. FET (OR 0.68; 95% CI 0.55-0.85) was a pre-
dictive factor of clinical pregnancy rate compared to fresh
embryo transfer (p <0.001). Double embryo transfer was a
predictive factor of clinical pregnancy rate compared to that
with single embryo (p <0.001). Patients’ age (OR 1.06; 95%
CI 1.03-1.09) was a risk factor of clinical pregnancy rate
compared to fresh embryo transfer (p <0.001). Fertilization

type, infertility type, the number of oocytes retrieved, ages
of embryos for transfer had no association with clinical preg-
nancy rate.

The relationship between timing of transfer in different
models is shown in Table 3. After adjusting for patients’
age, fertilization type, infertility type, infertility duration, the
number of oocytes retrieved, the number of embryos trans-
ferred and type of embryo transferred, we found FET was a
predictive factor (OR 0.75; 95% CI 0.59-0.95) compared to
fresh embryo transfer (»p =0.016).

Discussion

The main finding of this large, retrospective, cohort study
was that freeze-all policy was advantageous in IVF out-
comes, compared with fresh embryo transfer. GnRH antago-
nist protocol is effective in preventing premature LH surge
and, therefore, can result in a more cost-effective ovar-
ian stimulation compared to GnRHa protocol [5]. GnRH
antagonist protocol requires shorter duration of ovulation
induction and less gonadotropins used. In recent years, there
was a shift toward increased use of FET, coincident with
faster increase of live birth rate in FET than in fresh embryo
transfer [2]. Some studies have shown implantation rates
are reduced in GnRH antagonist-stimulated cycles, which
is in accordance with our study [1, 6]. However, some stud-
ies indicate similar outcome between fresh embryo transfer
and FET [7].

By evaluating outcome in GnRH antagonist protocol gen-
erated via both fresh embryo transfer and FET, the effect of
GnRH antagonist on the endometrium of women has been
indirectly evaluated. It leads to suggestion that a potentially
deleterious effect of GnRH antagonist on the endometrium
may contribute to the lower pregnancy rate in fresh embryo
transfer cycles. At the time of transfer of thawed embryos,
the influence of GnRH antagonist no longer exist, despite the
dose and duration of GnRH antagonist used [8]. However,
some studies suggested that GnRH antagonists do not nega-
tively affect oocyte and embryo quality [9].

Table 3 Relationship between

o g Outcome Crude model Model I Model II
timing of transfer in different
models £ (95% CI) pvalue  f(95% CI) pvalue  f(95% CI) p value
Timing of ET
Fresh ET Reference Reference Reference
Frozen ET  0.68 (0.55, 0.85)  0.001 0.73 (0.58,0.92)  0.007 0.75(0.59,0.95)  0.016

The model I controlled, in addition, to patients’ age, the model I controlled, in addition, to patients’ age,
fertilization type, infertility type, infertility duration, the number of oocytes retrieved, the number of
embryos transferred and D3/D5 embryo transfer

ET embryo transfer, CI confidence interval
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Controlled ovarian stimulation is routinely used to pro-
mote multi-follicle growth in IVF cycle. The developing
follicles produce supraphysiologic levels of estradiol and
progesterone level. Estradiol and progesterone are closely
linked to endometrial development and receptivity. Stud-
ies have shown a structural histological advancement of
the endometrium and an absence of endometrial pinop-
ods at the time of embryo implantation in gonadotropin-
stimulated cycles [10-12]. The histologic advancement
of endometrium correlates with premature progesterone
rise and eventually leads to implantation failure due to
embryo-endometrium asynchrony [13—-15].

Some studies including two meta-analysis indicate that
FET is associated with significantly reduced risks of pre-
term birth, small gestational age (SGA), low birth weight
(LBW), perinatal mortality, placental abruption and pla-
centa previa [16-21].

The limitation of the present study was a retrospective
cohort study from a single center. Additionally, although
we used multivariable logistic regression to control con-
founders between the different groups, the findings of our
study might be potentially confounded by unmeasured or
unidentified covariates.

Although our study was retrospective, our results show
that there were no significant differences between fresh
embryo transfer and frozen embryo transfer in baseline
characteristics except for number of oocyte retrieved and
number of embryo transferred, indicating the homogene-
ity and good comparability of the two groups. In addition,
only patients who did not transfer in the fresh cycle due
to GnRH antagonist protocol were included in the group
of FET. In this way, potential bias because of other reason
of cancelling fresh embryo transfer was avoided. Further-
more, we excluded women who had embryo transfer in
fresh cycle in group II, since women who failed in the
fresh embryo transfer may have worse clinical outcome.
This can avoid selecting bias.

In conclusion, the outcome of GnRH antagonist proto-
col can be improved using freeze-all policy in women with
3-10 oocytes retrieved. Further multi-center prospective
randomized clinical trials are needed to confirm the advan-
tage of freeze-all policy.
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