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Abstract

Background: Two meta-analyses have shown that pregnancy and birth rates are significantly higher after
blastocyst transfer than after cleaved embryo transfer. Other studies have revealed that a serum progesterone
level > 1.5 ng/ml on the trigger day is responsible for premature luteinization and is associated with a low
pregnancy rate. The objectives of this retrospective study were to determine whether blastocyst transfer gave
higher pregnancy rates than cleaved embryo transfer at day 3 in both the general and selected IVF/ICSI
populations, and whether the serum progesterone level influenced the pregnancy rate.

Method: We studied IVF/ICSI cycles with GnRH antagonist - FSH/hMG protocols in a general population (n=1210)
and a selected “top cycle” population (n =677), after blastocyst transfer on day 5 or cleaved embryo transfer on day
3. The selected couples had to meet the following criteria: female age < 35, first or second cycle, and one or two
embryos transferred. We recorded predictive factors for pregnancy and calculated the progesterone to oocyte
index (POI), the progesterone:estradiol ratio (P:E2 ratio), and the progesterone to follicle (> 14 mm) index (PFI).

Results: In the general population, the clinical pregnancy rate was significantly higher after blastocyst transfer
(33.3%) than after cleaved embryo transfer (25.3%; p < 0.01); the same was true for the birth rate (32.1 and 22.8%,
respectively, p < 0.01). The differences between blastocyst and embryo transfer groups were not significant in the
selected population (respectively 35.7% vs. 35.8% for the clinical pregnancy rate, and 33.9 and 34.9% for the birth
rate). The serum progesterone levels on the eve of the trigger day and on the day itself were significantly lower in
the pregnant women (p < 0.01). We found a serum progesterone threshold of 0.9 ng/ml, as also reported by other
researchers. The POl and the PFl appear to have predictive value for cleaved embryos transfers.
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Conclusions: Blastocyst transfers were associated with higher clinical pregnancy and birth rates than cleaved
embryo transfers in a general population but not in a selected population. The serum progesterone levels on the
eve of the trigger day and on the day itself predicted the likelihood of pregnancy.

Keywords: IVF/ICSI, Pregnancy, Progesterone, Blastocyst, Cleaved embryo

Introduction

One in six couples will consult for infertility, defined as
failure to achieve a clinical pregnancy after 12 months or
more of regular unprotected sexual intercourse [1]. In
this setting, in vitro fertilization/intracytoplasmic sperm
injection (IVF/ICSI) is one possible treatment option for
achieving a live birth. Even though IVF/ICSI has enabled
the birth of over 8 million children since 1978, the preg-
nancy rates per embryo transfer vary from 10 to 50% [2].
Predictive factors for pregnancy include the woman’s
age, the cycle rank, and the number of good-quality em-
bryos [3]. In 2013, we defined a select group of “top”
IVE/ICSI cycles, with the following characteristics: the
first or second IVF/ICSI cycle, female age under 35, and
the transfer of no more than two top embryos [4, 5].

Initially, IVE/ICSI was based on cleaved embryo trans-
fer on day 2 (D2) or day 3 (D3). However, progress in
in vitro culture and embryo cryopreservation has made
it possible to envisage blastocyst transfer on day (D5) or
day 6 (D6). Blastocyst transfer has several advantages:
decreased uterine exposure to very high serum estradiol
levels [6], better synchronization between embryonic de-
velopment and endometrial maturation, the selection of
embryos that progress to a blastocyst stage, and a de-
crease in uterine contractions [7]. Several meta-analyses
have shown that blastocyst transfer is associated with
significantly higher clinical pregnancy and birth rates [8,
9]. In some cases, however, cleaved embryos do not de-
velop into blastocysts in vitro, even though the couple
may have achieved embryo implantation previously.

The luteal maturation of the endometrium (luteiniza-
tion) required for embryo implantation depends on the
estrogenic effect and adequate progesterone secretion as
soon as the ovulatory LH peak has been triggered [10].
In some women in IVF/ICSI, the serum progesterone
level peaks too early; this results in premature luteiniza-
tion and an implantation window that opens (but also
closes) earlier. The administration of a gonadotropin re-
leasing hormone (GnRH) antagonist is intended to limit
the risk of premature luteinization in IVF/ICSI cycles. A
key question in cases of premature luteinization is
whether the embryo’s development stage at the time of
transfer influences the pregnancy rate. We therefore
assessed GnRH antagonist-gonadotropin IVF/ICSI pro-
tocols in a general population and a selected population
(“top cycles”). The study’s objectives were to (i) measure

the pregnancy rates after the transfer of blastocysts or
cleaved embryos in these two populations, and (ii) deter-
mine whether the serum progesterone level just before
the trigger influences the likelihood of pregnancy.

Material and methods

All the couples enrolled in the IVF/ICSI programs stud-
ied here had undergone an infertility assessment. For the
women, this included hormone blood tests on the
second or third day of the menstrual cycle (including
serum levels of FSH, LH, estradiol - E2, prolactin, and
anti-Miillerian hormone - AMH), an ultrasound scan of
the pelvis (with determination of the antral follicle
count), and hysterosalpingography (followed by coelio-
scopy and/or hysteroscopy, if the results were abnormal).
For the men, the assessment included a semen analysis
and a sperm motility test. All the hormone blood tests
and sperm examinations were performed in the same
laboratory.

The main inclusion criteria were physician-diagnosed
infertility, female age 18 to 42, male age 18 to 59, and
written consent to infertility treatment. Given that the
couples had already consented to exploitation of their
personal medical data for research purposes, and in line
with the French legislation on analyses of routine med-
ical care, approval by an independent ethics committee
was not required. The main exclusion criteria were
ovarian insufficiency (antral follicle count <5, AMH <
0.5 ng/ml, and/or FSH > 151U/l), severe abnormality of
the uterine cavity (synechiae or diffuse adenomyosis),
irreversible azoospermia (according to a testicular bi-
opsy), and globozoospermia. We excluded cycles involv-
ing donor gametes or donor embryos.

In a controlled ovarian stimulation protocol with a
GnRH antagonist, stimulation was initiated on D2 of the
cycle with FSH (Fostimon®, Genevrier, Sophia-Antipolis,
France/ Gonal-F°, Merck, Lyon, France/ Puregon®, MSD,
Levallois-Perret, France) or hMG (Menopur®, Ferring
SAS, St Prex, Switzerland), together with 0.25 mg per
day ganirelix (Orgalutran®, MSD, Levallois-Perret,
France) when the follicle size exceeded 14 mm or the es-
tradiol (E2) level was over 400 pg/mL. The gonadotropin
doses were adjusted after the first ultrasound examin-
ation and the E2 and LH assays on gonadotropin D5.
When at least three follicles had reached a diameter >
17mm, a dose of 250pug of recombinant human
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chorionic gonadotropin (Ovitrelle®, Merck, Lyon, France)
was administered. Oocytes (O) were retrieved 35 h after
hCG administration.

Luteal phase supplementation consisted of 400 mg per
day of intravaginal micronized progesterone (Utrogestan®;
Besins International, Paris, France) from the evening of
oocyte retrieval until the p-hCG assay two weeks later.
Our center applies a freeze-all strategy if (i) the serum
progesterone level on the hCG trigger day exceeds 1.5 ng/
ml, (ii) ovarian hyperstimulation (> 20 follicles) is observed
on ultrasound or the serum estradiol level exceeds 3500
pg/ml on the hCG trigger day, or (iii) spermatozoids are
not available on the day of the oocyte retrieval.

For the ICSI procedure, the corona radiata as removed
mechanically under a dissecting microscope, and the cu-
mulus was exposed to 0.5% hyaluronidase (Sigma-Aldrich,
St. Louis, MO, USA) for 30 s. The partner’s sperm was an-
alyzed according to the WHO classification [11] and then
prepared for ICSI. The oocytes were examined after 18 h
of incubation at 37 °C in a humidified atmosphere with 5%
COy; the presence of two pronuclei (2PN) was a sign of
fertilization. The fertilization rate was defined as the ratio
between the number of fertilized (2PN) oocytes and the
number of mature (metaphase II) oocytes. The resulting
embryos were cultured up until D3 or D5. The cleavage
rate corresponds to the ratio between D3 cleaved embryos
and mature oocytes. Moreover, we recorded the embryos’
frequency of progression from D3 to D5 (i.e. the blasto-
cyst/embryo ratio). A suitable cleaved embryo on D3 was
defined as the presence of 8 to 14 uniform-size blasto-
meres, a fragmentation rate below 50%, and the absence
of multinucleation [12]. Blastocysts were classified accord-
ing to Gardner’s criteria [13]. Adequate blastocyst quality
on D5 was defined as stage B3 to B6, an inner cell mass,
and fragmentation types AA, AB, BA, BB and (very occa-
sionally) CA and CB, and the absence of multinucleation.
Embryos were transferred alternately on either D3 or D5
because the study’s objective was to evaluate the preg-
nancy rate under these two circumstances. One or two of
the best embryos were transferred in utero using a Fryd-
man catheter (CCD Laboratories, Paris, France), and other
good-quality embryos were cryopreserved.

Clinical pregnancy was confirmed by ultrasound and a
B-hCG level above 1000 IU/L 6 to 8 weeks after embryo
transfer, and the clinical pregnancy rate was calculated
relative to the number of cycles with a transfer. An on-
going pregnancy was defined as a pregnancy after more
than 12 weeks of amenorrhea (WA). The miscarriage
rate was calculated with regard to the number of clinical
pregnancies after the first trimester, and a miscarriage
was classified as pregnancy loss before 12 WA. A live
birth was defined as a healthy child birth later than 22
week of gestation. Each couple assessed in the present
study went through a single ICSI cycle.
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The study’s primary outcome measure was the clinical
pregnancy, ongoing pregnancy and live birth rates for
cleaved embryo transfers on D3 vs. blastocyst transfers
on D5. Starting from the general population, we selected
a subpopulation of “top cycles”, as described previously
[4, 5]. In the “top cycle”, the couples were in their first
or second IVF/ICSI cycle, the women was under the age
of 35, and one or two top embryos were transferred. In
each group, we looked for predictors of pregnancy and
analyzed the pregnancy rates above and below the pro-
gesterone threshold of 0.9 ng/ml defined by Venetis
et al. [14]. The idea to study a selected population (“top
cycle”) is to check pregnancy rates by embryo stage and
the impact of the progesterone levels in a population of
good prognosis. In particular, do the young age of
women, the notion of a first or second cycle and the
good quality of the embryo change the results observed
in the general population.

Based on the serum progesterone (P) level on the trig-
ger day, we calculated three ratios already described in
the literature, which may explain the impact of the pro-
gesterone on the occurrence of pregnancy: P (in ng/ml)
divided by the number of oocytes retrieved (O), so called
as progesterone to oocyte index (POI) [15], P (in pg/ml)
divided by the serum E2 level (in pg/ml) on the trigger
day (P:E2 ratio [16];), and P (in nM) divided by the num-
ber of follicles > 14 mm (a ratio referred to as the pro-
gesterone to follicle index (PFI) in the literature [17]). A
progesterone concentration of 1ng/ml corresponds to
3.18 nM.

Statistical analysis

Continuous variables were expressed as the mean
standard deviation (SD) (for normally distributed data)
or the median [interquartile range]. Categorical variables
were expressed as the frequency (percentage). Differ-
ences between groups were probed with Student’s t test
or Pearson’s chi-squared test. All analyses were per-
formed using Microsoft® Excel (Microsoft Corporation,
Redmond, WA, USA) and the XLSTAT® add-on (Addin-
soft, Paris, France). The threshold for statistical signifi-
cance was set to p < 0.05. Given that we extracted data
from electronic medical records (Medifirst’, Montigny le
Bretonneux, France), none of the participants’ clinical
and laboratory data were missing.

Results

We analyzed 1210 IVF/ICSI cycles (general population)
with a GnRH antagonist - FSH/hMG protocol between
2016 and 2018 in our ART center of the Brest University
Hospital. These cycles resulted in 1156 oocyte retrievals
(95.5% per cycle) and 849 embryo transfers (73.4% per
retrieval). The demographic, clinical and laboratory data
on the general population are summarized as a function
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of the presence or absence of a pregnancy and by em-
bryo transfer stage in Table 1. With regard to the demo-
graphic variables, the various groups did not differ in
term of female age, female and male BMIs, primary in-
fertility, the etiology of the infertility, the AMH level on
D3 of the menstrual cycle, and the cycle rank. It is note-
worthy that smoking was significantly more frequent
among the pregnant women. During ovarian stimulation,
the serum progesterone level was significantly higher on
the eve of the hCG day and on the day itself among the
non-pregnant women. We also noted a difference in the
serum LH level as a function of pregnancy, depending
on the transfer stage; the LH level was higher among
pregnant women than non-pregnant women in the
blastocyst transfer group but lower among pregnant
women than non-pregnant women in the cleaved em-
bryo transfer group. Among the non-pregnant women,
the fertilization rate was significantly lower in the
cleaved embryo transfer group (p < 0.02). Two hundred
and forty-two clinical pregnancies were obtained (28.5%
per transfer), including 112 after blastocyst transfers
(33.3% per transfer; implantation rate (IR): 27.7%) and
130 after cleaved embryo transfers (25.3% per transfer;
IR: 17.2%; p < 0.01). We recorded 99 ongoing pregnan-
cies (29.4% per transfer) and 108 live births (32.1% per
transfer; 9 of the births (8.2%) corresponded to twin
pregnancies) after blastocyst transfer, and 112 ongoing
pregnancies (21.8% per transfer; p < 0.02) and 117 live
births (22.8% per transfer; p< 0.01; 5 of the births
(3.8%) corresponded to twin pregnancies) after cleaved
embryo transfer.

Of the 1210 cycles, 677 (55.9%) met the “top cycle” cri-
teria. They resulted in 642 oocyte retrievals (94.8% per
cycle) and 377 embryo transfers (58.7% per retrieval).
The demographic, clinical and laboratory data in the
“top cycle” selected population are summarized as a
function of the presence or absence of a pregnancy and
by embryo transfer stage in Table 2. With regard to the
demographic variables, the groups did not differ signifi-
cantly other than for the cycle rank (low in the women
who became pregnant after blastocyst transfer and high
in the women who became pregnant after cleaved em-
bryo transfer). During ovarian stimulation, the serum
progesterone level was significantly higher on the eve of
the hCG day and on the day itself among the non-
pregnant women. We also found a difference in the
serum LH level, which was significantly higher among
the pregnant women than the non-pregnant women in
both the blastocyst transfer and cleaved embryo transfer
groups. It is noteworthy that the clinical pregnancy rate
in women aged =35 and/or with 3 or more cycles was
30.9% after blastocyst transfer (n=168) and 18% after
cleaved embryo transfer (n = 304) (data not shown). One
hundred and thirty-five clinical pregnancies were
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obtained (35.8% per transfer), including 60 after a blasto-
cyst transfer (35.7% per transfer; IR: 32.4%) and 75 after
a cleaved embryo transfer (35.8% per transfer; IR: 30.9%;
p = not significant - NS; Fig. 1). We observed 55 ongoing
pregnancies (32.7% per transfer) and 57 live births
(33.9% per transfer; 1 of the births (1.6%) corresponded
to a twin pregnancy) after blastocyst transfer, and 69 on-
going pregnancies (33.0% per transfer; p=NS) and 73
live births (34.9% per transfer; p=NS; 4 of the births
(5.3%) corresponded to twin pregnancies) after cleaved
embryo transfer.

The lower transfer rates per retrieval were due to the
significantly higher number of culture failures and
freeze-all procedures for the “top cycle” population in
both the blastocyst transfer and cleaved embryo transfer
groups (Fig. 1). In our study, 2.1% of the cycles had a
progesterone level > 1.5 ng/ml on the trigger day (range:
1.5 to 2.9). With regard to the 69 planned cases of
“freeze all” in the general population, 13 couples did not
have any embryos frozen, and the other 56 had a mean
of 2.96 + 2.03 embryos frozen. In the “top cycle” selected
population, 6 couples in each group (i.e. the blastocyst
transfer group and the cleaved embryo transfer group)
did not have any frozen embryos, and the others ob-
tained 3.43 +2.14 (range: 1-10) and 3.44 +2.11 (range:
1-10) frozen embryos, respectively. In our ART center,
the pregnancy rates after frozen embryo transfer have
been above 20% for the last few years, so we expect to
obtain good cumulative pregnancy rate (for fresh + fro-
zen transfers). In the general population, the retrieval
failure rate (no oocytes) was significantly higher in the
blastocyst group transfer group (5.7%) than in the
cleaved embryo transfer group (1.7%; p < 0.001).

The calculated POI, P:E2 and PFI ratios are given in
Table 3. The POI differed significantly according to the
type of transfer in the general population, and was sig-
nificantly lower in the selected population than in the
general population. The P:E2 ratio did not differ signifi-
cantly - probably because it was well below the threshold
for premature luteinization. All the PFI values were sig-
nificantly higher (p < 0.001) in the selected population
than in the general population, and there was a signifi-
cant difference (p < 0.001) between pregnant and non-
pregnant women in the cleaved embryo transfer group.

Figure 2 shows the clinical pregnancy rates by popula-
tion and type of transfer, relative to the serum progester-
one threshold of 0.9 ng/ml on the hCG day. We noted a
significant difference above vs. below this threshold in
the general population (after either blastocyst or cleaved
embryo transfer) but not in the selected population.
Figure 3 details the clinical pregnancy rate by serum
progesterone class; it highlights the difference between
the general population and the selected population and
explains (at least in part) the results presented in Fig. 2.
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Table 1 Demographic, clinical and laboratory data for the general population after blastocyst or cleaved embryo transfer. Analysis
between pregnant and not pregnant women

Variables Blastocyst Blastocyst p Cleaved embryo Cleaved embryo p
Pregnancy No pregnancy Pregnancy No pregnancy
Female age (y.0) 338+6.8 334738 NS 331174 337+92 NS
Female BMI (kg/m2) 248 +£45 250+£50 NS 252+47 249+42 NS
Female tobacco % 500 € 320° < 0001 350¢ 246" < 005
Male BMI (kg/m?) 251433 252+38 NS 254+73 248 +87 NS
Male tobacco % 518 330°¢ < 0.001 438 4404 NS
Primary infertility % 65.0 60.8 NS 596 62.5 NS
Indications %
Tubal disorder 16.2 179 NS 15.7 139 NS
Endometriosis 6.3 7.7 NS 7.1 6.0 NS
Ovulatory dysfunction 6.8 7.0 NS 35 46 NS
Low ovarian reserve 56 6.0 NS 10.7 10.7 NS
Unexplained 14.5 99 NS 114 89 NS
Male factor 287 336 NS 35.7 350 NS
Mixed 218 179 NS 15.7 21.0 NS
AMH, ng/ml 346+£241° 305+£270° NS 1.95+066 ° 207+1.10° NS
Retrieval rank (m = SD) 1.05+09 1.14+09 ¢ NS 1.17+£10 134+13F NS
Number of cycles 160 312 192 546
Total dose of Gnt (IU) 2222+819° 2281+633° NS 2727 + 664 ° 3127 +674° < 0.001
FSH use, % 575 583 NS 65.1 63.5 NS
Stimulation duration (d) 10.06 £ 1.60 082+149°¢ NS 1007 +£1.79 1018+176 ¢ NS
Mature follicle hCG day 34+20 41+27° < 001 32+18 25+421° < 0.001
Estradiol hCG day-2 1161 £530 1269 + 528 < 005 1004 + 335 1093 + 460 < 0.05
Estradiol hCG day-1 1677 £ 607 1750+ 723 NS 1472 + 398 1464 £ 675 NS
Estradiol hCG day 1973+613 ° 1997 + 689 ° NS 1667 +531 ° 1733+722° NS
Progesterone hCG day-2 0.73+£021 0.75+£0.30 NS 065+0.17 0.79+£0.26 < 0.001
Progesterone hCG day-1 0.78 £0.29 090+0.29 < 0.001 0.75+0.27 0.84+0.32 < 001
Progesterone hCG day 0.84+0.22 099+0.36 ° < 0.001 0.83+0.22 091+031° < 001
LH hCG day-2 217+132 143+£123 < 0.001 168+ 1.19 1.77 £132 NS
LH hCG day-1 1.73£1.19 134+£1.28 < 001 1.37+£0.76 1.88 £ 1.65 < 0.001
LH hCG day 180+ 147 149+134° < 0.05 1.61£0.77 190+127° < 001
Endometrium (mm) 951+149° 962+199 NS 098+208 " 960 + 1.86 NS
Stimulation cancelled 6 (3.7%) 12 (3.8%) NS 8 (4.1%) 28 (5.1%) NS
Number oocyte retrievals 154 300 184 518
Retrieved oocytes (m + SD) 910+373° 9.64 +4.09 ° NS 677+268"° 643+303° NS
Mature oocytes (m + SD) 7544273 ° 7844341 ° NS 507+231° 47142470 NS
ICSl, % 57.1° 57.0° NS 64.6° 69.1° NS
2PN (m +SD) 569+226° 587+277° NS 356+211° 296+185° < 001
Fertilization rate, % 75.5 749 ° NS 70.2 625° < 0.02
Total embryos (m + SD) 575+247° 6.02+ 268 ° NS 354+186° 3.08+175° < 002
Cleavage rate, % 776 764 ° NS 69.8 654 ° NS
Blastocyst (m + SD) 271174 262+1.77 NS - -

% Blastocyst/embryo 472 436 NS - -



Merviel et al. BVIC Pregnancy and Childbirth (2021) 21:363

Page 6 of 15

Table 1 Demographic, clinical and laboratory data for the general population after blastocyst or cleaved embryo transfer. Analysis

between pregnant and not pregnant women (Continued)

Variables Blastocyst Blastocyst p Cleaved embryo Cleaved embryo p
Pregnancy No pregnancy Pregnancy No pregnancy

Culture failure 42 (27.2%) 76 (25.3%) NS 54 (29.3%) 135 (26.0%) NS

Number of transfers 112 224 130 383

Embryos transferred (m + SD) 133+094 € 130+092 € NS 159+040 ¢ 151+089 ¢ NS

Legends: IU: international unit; Gnt: gonadotropin; endometrium: endometrial thickness
Statistical analysis: The “p” column indicates the difference between pregnant and not pregnant women in cases of blastocyst or cleaved embryo transfer
Difference between blastocyst and cleaved embryo transfers: *®: p < 0.001, “%: p < 0.01, % p< 002, 9" p< 0.05

Thus, the highest clinical pregnancy rates in the selected
population were observed for the 0.91-1.1 ng/ml class.
The highest clinical pregnancy rates in the general popu-
lation were observed in the 0.51-0.7 and 0.71-0.9 ng/ml
classes after blastocyst transfer and in the 0.51-0.7 class
after cleaved embryo transfer.

Discussion

The results of our retrospective study highlighted a sig-
nificantly higher clinical pregnancy rate after blastocyst
transfer (33.3%) than after cleaved embryo transfer
(25.3%; p < 0.01) in the general IVE/ICSI population; the
same was true for the live birth rate (32.1 vs. 22.8%, re-
spectively; p < 0.01). The same difference was found in
Glujovsky et al’s [9] meta-analysis of 27 randomized
studies (covering a total of 4031 women or couples); the
OR [95%CI] was 1.30 [1.14—1.47] for clinical pregnancies
and 1.48 [1.2-1.82] for births (in 13 studies) after D5/D6
blastocyst transfer. For D5/D6 blastocyst transfer, Wang
et al. [8] found an OR of 1.43 [1.15-1.78] for clinical
pregnancies (in seven randomized studies) and an OR of
2.15 [1.57-2.94] for births (in four studies). Wang et al.
also found that blastocyst transfer was associated with a
lower miscarriage rate (OR [95%CI]: 0.51 [0.3—0.87]),
relative to cleaved embryo transfer; this was not the case
in our study (with values of 11.6% vs. 13.8%, respectively,
in the general population) or in the meta-analysis by
Glujovsky et al. (OR [95%CI]: 1.15 [0.88—1.50]) [9]. In
our study, we transferred blastocysts on D5 only; this
yields significantly more pregnancies than on D6, as
shown by Bourdon et al’s [18] meta-analysis (OR
[95%CI]: 2.38 [1.74-3.24] for clinical pregnancies and
1.74 [1.37-2.20] for live births). Other researchers have
not found any difference in pregnancy rates per transfer
between blastocysts and cleaved embryos: with a serum
progesterone level >1.5ng/ml on the trigger day, the
rates were respectively 39.6 and 40.1% in Levi-Setti
et al’s study [19] and 35% vs. 39% in Demirel et al’s
study [20]. In our selected “top cycle” population, we did
not observe any difference in the clinical pregnancy and
live birth rate when comparing the blastocyst transfer
and cleaved embryo transfer groups. Likewise, the

miscarriage rates were similar: 8.3 vs. 8.0% in the blasto-
cyst and cleaved embryo transfer groups, respectively.
Any difference in embryo culture failure rates in the
general and selected IVF/ICSI populations was reported
in our study, whereas Glujovsky et al. [9] found a greater
risk of no embryo transfer for D5 blastocyst versus D3
embryo.

In our study, the main predictive factor for pregnancy
(whether after blastocyst transfer or cleaved embryo
transfer) was the serum progesterone level on the eve of
the trigger day and on the day itself; the levels were sig-
nificantly higher among women who did not become
pregnant in both the general and selected populations
(p< 0.01 to <0.001). Follicular phase progesterone facil-
itates the estrogens’ action on the pituitary gland, thus
enabling the ovulatory peak of LH and FSH. It also has
an essential role in decidualization of the endometrium
and the opening of the implantation window via the
structures or molecules that it controls (the pinopodes,
insulin growth factor binding protein 1 and glycodelin
levels, etc.) [10]. Hence, in a study of GnRH antagonist -
FSH protocols, Van Vaerenbergh [21] reported differ-
ences in endometrial gene transcription between serum
progesterone classes (< 0.9, 1-1.5, and > 1.5 ng/ml). Two
pregnancies were found in the first class (out of 3
women), with two in the second (out of 6) and none in
the third (out of 5). The largest number of gene tran-
scription differences were observed when comparing the
third group with the first group (n =1388) and the sec-
ond group (n=2819). The changes involved the serine
protease PAPP-A, the IL-17 receptor, thrombospondin,
and dickkopf homolog 3 (Xenopus laevis). Labarta et al.
[22] found that a serum progesterone level > 1.5 ng/ml
was associated with differences in the expression of pro-
teins involved in cell adhesion, immunity, and growth.
During the proliferative phase, progesterone levels are
usually <0.5ng/ml, with a luteinization induction
threshold of between 1 and 10 ng/ml. Filicori et al. [23]
showed that the elevation in progesterone depended on
the granulosa cells and (as also reported by other re-
searchers [24—26]) was associated with the number of
oocytes retrieved, the dose of FSH, and the serum
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Table 2 Demographic, clinical and laboratory data for the “top cycle” selected population after blastocyst transfers or cleaved
embryo transfer. Analysis between pregnant and not pregnant women

Variables Blastocyst Blastocyst p Cleaved embryo Cleaved embryo p
Pregnancy No pregnancy Pregnancy No pregnancy
Female age (y.0) 307 +£24 31.0+£28 NS 304+25 303+23 NS
Female BMI (kg/mz) 252+45 247 £2.1 NS 257 £49 248 £4.1 NS
Female smoking, % 26.7 19.5 € NS 312 209 NS
Male BMI (kg/m?) 251433 253+43 NS 253+40 252+42 NS
Male smoking, % 342 2839 NS 387 380" NS
Primary infertility, % 400 € 438° NS 6101 66.8 ° NS
Indications %
Tubal disorder 16.1 15.0 NS 152 137 NS
Endometriosis 6.6 82 NS 76 6.8 NS
Ovulatory dysfunction 85 11.8 NS 38 48 NS
Low ovarian reserve 6.6 5.1 NS 9.1 8.5 NS
Unexplained 114 10.8 NS 106 9.7 NS
Male factor 304 304 NS 374 384 NS
Mixed 204 188 NS 16.0 178 NS
AMH ng/ml 3.70£2.19 4.10+3.60 NS 341+£1.99 3.70£3.39 NS
Retrieval rank (m + SD) 053+050° 065+047 © < 005 067046 " 054+050 " < 002
Number of cycles 105 194 131 247
Total dose Gnt (IU) 2125+ 721 1913+ 670 < 002 2203 +853 1965+ 813 < 001
FSH use, % 342° 39.1° NS 64.8° 619" NS
Stimulation duration (d) 100+ 1.58 1022+ 296 NS 101 +15 10127 NS
Mature follicle hCG day 252+225 3114298 ¢ NS 2824272 2224200 ¢ < 0.05
Estradiol hCG day-2 1155 £ 586 1264 £ 513 NS 1142 + 584 1235+513 NS
Estradiol hCG day-1 1624 £ 630 1706 + 593 NS 1601 + 584 1608 + 681 NS
Estradiol hCG day 1899+ 573 2039+ 628 NS 1832£583 2012+ 665 < 001
Progesterone hCG day-2 0.75+£021 0.76+0.29 NS 0.76 £0.23 0.75+0.28 NS
Progesterone hCG day-1 0.78+£0.26 0.89+0.27 < 0.001 0.78£0.28 0.87+£0.28 < 001
Progesterone hCG day 0.86£0.21 0.99+0.39 < 0.001 0.86+0.21 1.00+0.39 < 0.001
LH hCG day-2 273+186 161+1.39 < 0.001 266+1.72 155131 < 0.001
LH hCG day-1 142+081 134+1.16 NS 151+083 141+127 NS
LH hCG day 215+£1.30 158+ 147 < 0.001 225+131 168+ 143 < 0.001
Endometrium (mm) 9.63+147 9.54+1.78 NS 9.66 +1.51 9.53+1.75 NS
Stimulation cancelled 5 (4.7%) 11 (5.6%) NS 6 (4.5%) 13 (5.2%) NS
Number oocyte retrievals 100 183 125 234
Retrieved oocytes (m + SD) 873+3.25 989+3.74 < 001 8.16+324 9.26 +3.81 < 001
Mature oocytes (m + SD) 7.38 £2.64 7.96 £ 3.06 NS 6.85+2.71 7.35+£3.19 NS
ICSl, % 346° 329° NS 573" 537° NS
2 PN (m £SD) 540+ 240 6.06+268 © <005 490 + 244 536+287 ¢ NS
Fertilization rate, % 743 76.1 NS 725 729 NS
Total embryos (m + SD) 518+235 6.15+2.55 ¢ < 0.01 494 + 245 548+271¢ NS
Cleavage rate, % 754 773 NS 73.1 745 NS
Blastocyst (m + SD) 293+1.77 325+ 191 NS - -

% Blastocyst/embryo 535 527 NS - -
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Table 2 Demographic, clinical and laboratory data for the “top cycle” selected population after blastocyst transfers or cleaved
embryo transfer. Analysis between pregnant and not pregnant women (Continued)

Variables Blastocyst Blastocyst p Cleaved embryo Cleaved embryo p
Pregnancy No pregnancy Pregnancy No pregnancy

Culture failure 40 (40.0%) 75 (40.9%) NS 50 (40.0%) 100 (42.7%) NS

Number of transfers 60 108 75 134

Embryo transferred (m + SD) 115+£034 113+£033 NS 117 +£037 1.14+£035 NS

Legends: IU: international unit; Gnt: gonadotropin; endometrium: endometrial thickness
Statistical analysis: The “p” column indicates the difference between pregnant and not pregnant women in cases of blastocyst or cleaved embryo transfer
Difference between blastocyst and cleaved embryo transfers: *®: p < 0.001, <% p < 0.01, ¢*: p < 0.02, 9™ p < 0.05

estradiol level. This premature elevation led some re-
searchers [27, 28] to recommend an earlier trigger. The
elevated serum progesterone level on the trigger day af-
fects the endometrium but not embryo quality, as shown
in Huang et al’s study [29] and by the results of frozen
embryo or donor embryo transfers [14, 24, 30]. Further-
more, the very high serum estradiol level accelerates
endometrial maturation (with no pregnancies if the ad-
vance exceeds 3 days [31]) and leads to luteal-phase LH

deficiency, luteolysis, myometrial hypercontractility, and
differences in gene transcription. Saadat et al. [32] found
that the mean + SD acceleration in endometrial matur-
ation was the same for antagonist protocols (5.8 + 0.4
days) and agonist protocols (5.9 + 0.7 days) and persisted
up until 7 days after the trigger.

Elevated progesterone levels before the ovulation trig-
ger are responsible for a decrease in pregnancy rates.
The research question addressed in the literature

~

1210 IVF/ICSI cycles
GnRH antagonist protocols

472 cycles with
blastocyst transfers

18 cancellations ‘ {

26 with no oocytes @ 454 oocyte retrievals
72 culture failures ©

20 freeze all 2

336 blastocyst transfers

112 pregnancies (33.3%/t)

299 “top cycles” with
blastocyst transfers

16 cancellations ‘{

8 with no oocytes 283 oocyte retrievals
62 culture failures f

45 freeze-alls ®

168 blastocyst transfers

60 pregnancies (35.7%/t)

Fig. 1 Study flow chart for the general population (above the dotted line) and the selected population (below the dotted line). E: embryo; t:
transfer; culture failures: includes fertilization and embryo culture failures, and poor embryo quality. Statistical analysis: Difference between
blastocyst and cleaved embryo transfers: 2 p < 0.001; <% p < 0.01; = p < 0.05

738 cycles with cleaved
embryo transfers }

‘ 36 cancellations

702 oocyte retrievals 12 with no oocytes b
128 culture failures ©

49 freeze all ©

513 cleaved embryo
transfers

130 pregnancies (25.3%/t)

378 “top cycles” with
cleaved embryo
transfers

} ‘ 19 cancellations

359 oocyte retrievals 9 with no oocytes
97 culture failures ¢

44 freeze-alls 9

209 cleaved embryo
transfers

75 pregnancies (35.8%/t)
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Table 3 Results for the various index/ratios involving the serum progesterone level on the hCG trigger day. Analysis between
pregnant and not pregnant women, blastocyst or cleaved embryo transfers, and general or selected populations

Variables Blastocyst Blastocyst p Cleaved embryo Cleaved embryo p
Pregnancy No pregnancy Pregnancy No pregnancy

General population

cycles: n 160 312 192 546

POI (ng/ml/oocyte) 0.092 + 0.058 0.102 + 0.068 NS 0.122 + 0072° 0.141 + 0.082° <001
P:E2 (pg/ml/pg/ml) 042 + 035 049 + 032 <005 049 + 031 052 + 032 NS

PFI (nmole/I/follicle) 078 + 0.34° 0.76 + 042° NS 0.82 +0.38° 1.15 + 046° <0001
Selected population

cycles: n 105 194 131 247

POI (ng/ml/oocyte) 0.098 + 0.064 0.100 + 0.084 NS 0.105 + 0.065° 0.107 + 0.072° NS
P:E2 (pg/ml/pg/ml) 045 + 0.36 048 + 032 NS 046 + 036 049 + 0.38 NS

PFI (nmole/I/follicle) 1.08 + 0.29° 101 +041° NS 0.96 + 0.24° 143 + 062° <0001

Legends: POl progesterone to oocyte index, P:E2 progesterone to estradiol ratio, PFI progesterone to follicle index, NS not significant
Statistical analysis: The “p” column indicates the difference between pregnant and not pregnant women in cases of blastocyst or cleaved embryo transfer
Difference between general and selected population (“top cycles”) for each index or ratio after blastocyst or cleaved embryo transfers: *®p < 0.001, ““p < 0.05

concerns the serum progesterone threshold above which  had frozen embryos after freeze-all (mean number of
this effect appears. According to Bosch et al. [33], the embryos frozen: 3.43 + 2.14), which prompts us to expect
threshold is 1.5 ng/ml, whereas Xu et al. [26] quoted even higher cumulative pregnancy and birth rates. Corti
values of 1.5 to 2.75ng/ml, depending on the follicular et al. [34] reported a difference in the clinical pregnancy
response. In fact, Xu et al.’s study of 10,000 cycles [26] rate above vs. below a serum progesterone threshold of
found a fall in the rates of pregnancy above 2.75ng/ml  1.5ng/ml. (50% vs 33.3%, respectively; OR [95%CI]: 2
in strong responders (> 20 oocytes), above 1.75ng/ml in  [1.07-3.75]). Other researchers have found a lower
normal responders, and above 1.5ng/ml in nonre- serum progesterone threshold. Venetis et al’s study of
sponders. In contrast, the pregnancy rates for frozen em- 60,000 cycles [14] found an OR for birth of 0.39 when
bryo transfers increased with the serum progesterone the serum progesterone level on the trigger day was be-
level. In our study, 77 couples in the selected population  tween 0.4—0.6 ng/ml, with 0.79 between 0.8 and 1.1 ng/

CPR per transfer (%)
45
40
35
M Blastocysts, all cycles
30
25 u Cleaved embryos, all
cycles
20 u Blastocysts, top cycles
15
u Cleaved embryos, top
10 cycles
5
0
£0.5-0.9 0.81-1.5  Progesterone level on the hCG day
Fig. 2 Clinical pregnancy rates above and below the progesterone threshold (< 0.9 and > 0.9 ng/ml), after blastocyst or cleaved embryo transfers
in general (all cycles) and selected (top cycles) populations. CPR: clinical pregnancy rate. Statistical analysis: b <002 % p<005
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40 / 1 \\
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20 \\
10
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<0.5 0.51-0.7 0.71-0.9 0.91-1.1 1.11-1.5
Progesterone level on the hCG day

B
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60 :

. N\

40 \ 2

%>< \ —Cleaved embryos, all
30 cycles
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<05 0.51-0.7 0.71-0.9 0.91-1.1 1.11-15

Progesterone level on the hCG day

Legends: CPR: clinical pregnancy rate

Fig. 3 Clinical pregnancy rates as a function of the progesterone range (ng/ml) after blastocyst transfers (a) and cleaved embryo transfers (b), in
general (all cycles) and selected (top cycles) populations. CPR: clinical pregnancy rate

ml, 0.67 between 1.2 and 1.4ng/ml, 0.64 between 1.5
and 1.75 ng/ml, and 0.68 between 1.9 and 3 ng/ml. Ven-
etis et al. did not observe an impact of a serum proges-
terone level > 1.5 ng/ml in poor responders (< 6 oocytes,

n =796 cycles) or strong responders (>18 oocytes, n =
730). In 2015, the same research group found a thresh-
old of 0.9ng/ml for 3296 cycles [35]. Griesinger et al.
[36] found that the prevalence of an elevated serum
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progesterone level varied with the follicular response:
4.5% for poor responders (<5 oocytes) vs. 19% for strong
responders (> 18 oocytes). The pregnancy rate was also
low (OR: 0.55 [0.37-0.81]), especially in poor re-
sponders. Fanchin et al. [37] came to the same conclu-
sion in poor responders for a serum progesterone
threshold at 0.9 ng/ml but this level did not have an im-
pact among normal responders. Requena et al. [38]
found the same pregnancy rates in strong responders (>
20 oocytes and 3000 pg/ml) above and below a serum
progesterone level of 1.5 ng/ml. In our study, the serum
estradiol level on the trigger day and the number of oo-
cytes retrieved testified to a normal response to ovarian
stimulation. Santos-Ribeiro et al. [39] found the best
pregnancy rate (29.7%) when the serum progesterone
level was between 0.76 and 1 ng/ml, after adjustment for
female age, the number of oocytes retrieved, the serum
estradiol level, the FSH dose, the number of embryos
transferred, and the embryo stage. Wang et al. [40] stud-
ied the pregnancy rates after transfers of fresh embryos
(n =1455) or frozen embryos (n = 1455). They observed
than when the serum progesterone level <1 ng/ml, the
pregnancy rates for fresh and frozen embryo transfers
were respectively of 56.4 and 54.6% in women aged <35
and 45.1 and 48.9% in woman over 35. When the serum
progesterone level exceeded 1 ng/ml, the rate after fresh
embryo transfer was lower (46.1% for age < 35; OR: 1.38
[1.11-1.71], and 35.2% for age>35; OR: 1.73 [1.34—
2.24]); these values are similar to those found in the
present study for the general population vs. the “top
cycle” population. Papanikolaou et al. [41] studied the
clinical pregnancy rate in GnRH antagonist-rESH proto-
cols as a function of the serum progesterone level on the
trigger day. In case of transfer of embryos on D3, the
clinical pregnancy rate was 37.5% when the progesterone
level was <0.73ng/ml, 34% for the range 0.74-0.90,
30.6% for the range 0.91-1.2, 25.9% for the range 1.21—
1.53, and 15.7% when the level was >1.53 ng/ml (p =
0.008). Following blastocyst transfer on D5, there was no
significant difference in the pregnancy rates as a func-
tion of the serum progesterone level (<0.67: 42.9%;
0.68-0.99: 39.5%; 1-1.15: 29.3%; 1.16—1.48: 40%, and >
1.48: 41.5%). The authors concluded that the transfer of
a good-quality blastocyst compensates for the high pro-
gesterone level. In 2012, the same research group [42]
did not find a difference for a serum progesterone level
above or below a threshold of 1.5 ng/ml in either GnRH
antagonist or GnRH agonist protocols. In a study by
Vanni et al. [43], the serum progesterone threshold for
obtaining good-quality blastocysts was 1.49 ng/ml, and
the yield was better below 1 ng/ml. Shapiro et al. [44] re-
ported a lower pregnancy rate after fresh blastocyst
transfer on D6 (relative to D5); this was probably due to
transfer outside the implantation window, which is
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advanced by the ovarian stimulation (the pregnancy rate
was the same for frozen embryo transfers). Healy et al.
[45] compared D5 and D6 transfers and observed an in-
fluence of the serum progesterone level above 0.8 ng/ml.
On D6, the relative decrease in the pregnancy rate was
8% when the serum progesterone level was normal and
17% when it was > 1.5 ng/ml. On D5, the best pregnancy
rate was obtained when the serum progesterone level
was < 1ng/ml, with an OR [95%CI] of 0.75 [0.67-0.88]
(p< 0.001) when considering the serum progesterone
level as a continuous variable. According to Huang et al.
[29], the best pregnancy rates were observed after em-
bryo transfers on D3 or D5 when the serum progester-
one level was between 0.5 and 0.74 ng/ml. Overall, 50.4%
of the women became pregnant when the serum proges-
terone level was <1 ng/ml, with 45.5% when it was be-
tween 1 and 1.49 ng/ml and 36.2% when it was >1.5 ng/
ml (p< 0.01). In our study (with a threshold of 0.9 ng/
ml), there was a significant difference in the clinical
pregnancy rate between the blastocyst transfer and
cleaved embryo transfer groups in the general popula-
tion but not in the selected “top cycle” population (Fig.
2). Unlike Hill et al. [46] who have showed that an ele-
vated serum P level on the day of hCG administration
was negatively associated with live birth, even in good
prognosis embryo transfers, but in accordance with
Papanikolaou et al. [41], it appears in our study that the
selection of “top cycles” reduced the impact of an ele-
vated serum progesterone level on the trigger day. This
influence can be seen in our Fig. 3, where the clinical
pregnancy rates were high in the selected population up
to a serum progesterone level of 1.1 ng/ml for both
blastocyst transfer and cleaved embryo transfer.

Lastly, the serum progesterone level was independent of
the type of gonadotropin and the duration of administra-
tion [38, 47, 48], as shown by the absence of a difference
for these parameters in our study. In a report published in
2014, Lee et al. [49] showed that elevation of the proges-
terone level for 2 or more days was associated with a
lower pregnancy rate (20.7%, vs. 39.4 for women with a
normal level; p < 0.001). This might explain our results in
the general population and the selected population, where
the serum progesterone levels during the last two days of
the stimulation were significantly higher in non-pregnant
women (regardless of the embryo transfer stage). Never-
theless, Santos-Ribeiro et al. [50] did not find a lower birth
rate when the serum progesterone level was above 1ng/
ml (even after more than a day with elevated levels before
the trigger), whereas the rate fell when the serum proges-
terone level was >1.5ng/ml (30.3% in the absence of an
elevated serum progesterone level, 20.4% for one day of
elevation, and 20.5% for more than one day). However, a
progesterone level > 1.5 ng/ml was very infrequent (1.9%)
in Santos-Ribeiro et al.’s study.
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We studied various ratios involving the serum proges-
terone level on the trigger day (Table 3): POI, P:E2, and
PFI. The PFI was considerably higher in the general
population than in the selected population, and consid-
erably higher (p< 0.001) in the women receiving a
cleaved embryo transfer (regardless of whether or not
they became pregnant). Shufaro et al. [17] estimated that
the PFI was more representative of follicular progester-
one secretion and the cycle outcome than the mere
number of oocytes collected. For 8649 cycles followed by
cleaved embryo transfer, the researchers found that the
mean PFI was 0.32 +£0.25nM, and that the chance of
pregnancy was four times lower if the PFI was high
(>93rd percentile, i.e. a serum progesterone level > 4.2
nM and a PFI > 0.6). The pre-ovulatory serum progester-
one level was 2.22+1.33nM in Shufaro et al’s study.
The authors recommended using the PFI rather than the
progesterone level on the trigger day to decide whether
to continue a cycle (i.e. with a low PFI) or to abandon it
(i.e. with a high PFI and, in some cases, a high serum
progesterone level). In our study, the PFI was always
above 0.6 (probably because of a low serum progester-
one level) and was significantly higher in the selected
population and in non-pregnant women after cleaved
embryo transfer; these findings are in line with Shufaro
et al’s findings [17], which did not apply to cases of
blastocyst transfer. The POI even differed significantly
when comparing pregnant and non-pregnant women
after a cleaved embryo transfer in the general population
(p < 0.01). Furthermore, and in contrast to the PFI, the
POI after cleaved embryo transfer was significantly lower
in the selected populations than in the general popula-
tions — regardless of whether pregnancy was achieved.
Grin et al. [15] showed that the POI was inversely corre-
lated with the clinical pregnancy rate (adjusted OR
95%CI: 0.063 [0.016-0.249]; p< 0.001) and the birth
rate (0.036 [0.007-0.199]; p < 0.001), and that the 90th
percentile of this ratio was 0.36 ng/ml/oocyte (clinical
pregnancy rate: 8%; birth rate: 5.9%). It is noteworthy
that the POI was always well below 0.36 ng/ml/oocyte in
our study. For the P:E2 ratio (indicating premature lu-
teinization when >1 [16] or > 1.2 [51]), we only found a
significant difference for blastocyst transfers in the gen-
eral population. In Lai et al.’s study [51] of GnRH agon-
ist protocols, a P:E2 ratio <1.2 (mean: 0.6 + 0.3 ng/ml)
had no impact on the ongoing pregnancy rate (29.3%, vs.
34.5% for P:E2 > 1.2). The sensitivity was 75%, the speci-
ficity was 32%, the positive predictive value was 37%, the
negative predictive value was 71%, and the area under
the ROC curve [95%CI] was 0.534 [0.456—0.613], corre-
sponding to poor predictive value for the P:E2 ratio in
GnRH agonist protocols. In a study of women who
responded strongly to a GnRH agonist protocol, Lee
et al. [52] found that the highest pregnancy rates were
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achieved with a serum progesterone level < 0.9 ng/ml or
between 0.9 and 1.4 ng/ml, with mean + SD P:E2 ratios
of 0.18 + 0.01 and 0.27 + 0.01, respectively. It is probable
that the premature luteinization threshold in Lee et al’s
study (P:E2>1) was low because the hyperstimulation
had already contributed to an acceleration in endomet-
rial maturation [53]. In a study of women with a serum
progesterone level > 1.5 ng/ml during GnRH antagonist
protocols, Golbasi et al. [54] showed that the P:E2 ratio
did not have predictive power (mean value: 0.73 + 0.54
for births vs. 1.05+ 1.38 in the absence of births; p =
0.158). In GnRH agonist protocols, effective blockade of
LH elevation (in 95-98% of the women) meant that the
elevated serum progesterone level before the trigger
must have been caused by another factor. Hence, in our
study (where the P:E2 ratio was always below 0.6), the
LH level was higher (in 75% of cases) among women
with a low serum progesterone level on the trigger day.
This finding was also described by Huang et al. [29]: the
mean = SD serum LH level on the trigger day after
cleaved embryo transfer on D3 was 2.0 + 1.31U/l when
the serum progesterone level was <1ng/ml and 1.7 +
1.0IU/1 when it was 21.5ng/ml (p< 0.01). The use of
hMG (with hCG activity) for ovarian stimulation might
explain these results [55]; however, we did not find a sig-
nificant difference between the pregnant and non-
pregnant groups in this respect.

Our study was limited by its retrospective character
and its low statistical power, relative to the literature
[14]. Nevertheless, our random choice of the embryo
transfer day enabled us to obtain two demographically
similar populations. We excluded cases in which the
serum progesterone level was > 1.5 ng/ml, which prob-
ably impacted the pregnancy rates. Likewise, the high in-
cidence of “freeze-all” cycles in each group decreased the
pregnancy rate per retrieval, and prompted us to only
consider the pregnancy rate per transfer. The subse-
quent transfer of frozen embryos should result in even
higher cumulative pregnancy rates. Lastly, our use of the
same quality-controlled progesterone assay throughout
our study minimized the variability in the concentration
data. However, inter-assay differences are frequent, and
so our results may differ from those of other studies.

Conclusions

Our present results showed that clinical pregnancy and
live birth rates are significantly higher after blastocyst
transfer than after cleaved embryo transfer in a general
IVE/ICSI population but not in a selected “top cycle”)
population. One of the predictive factors for pregnancy
was the serum progesterone level on the eve of the trig-
ger day and on the day itself, which was significantly
lower in the subgroups of women who became pregnant.
In our study, the selection of “top cycles” reduced the
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impact of an elevated serum progesterone level on the
trigger day, likely because of the good embryo quality
that compensates the advance of luteal endometrial mat-
uration associated with the premature elevation of the
progesterone. We therefore recommend blastocyst trans-
fer (or, for “top cycles”, cleaved embryo transfer) in
women with a serum progesterone level < 1 ng/ml on the
trigger day. Further clinical, histological and genomic/
proteomic studies will be required to better understand
the impact of low serum progesterone levels on preg-
nancy rates [56].
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