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The live birth rate improved when the endometrial thickness decreased
from the HCG day to the embryo transfer day. A retrospective cohort study

of 9572 fresh embryo transfer cycles

Miao Wang', Xinglin Wang', Ying Meng', Fang Wang', Hong Ye'*

Abstract

Aim: To investigate whether decreased endometrial thickness from the
HCQG trigger day to the embryo transfer day affects the pregnancy outcomes
of IVF/ICSI cycles.

Methods: A retrospective single-center cohort study was conducted.
In total, 9572 first IVF/ICSI embryo transfer cycles involving the long
protocol at Chongging Reproductive and Genetic Institute from January
1, 2016, to June 30, 2020were included. The 9572 cycles were divided
into 2 groups based on whether the endometrial thickness decreased from
the HCG trigger day to the embryo transfer day. The outcomes of the two
groups were compared. The primary outcome was live birth rate (LBR).
The secondary outcomes were clinical pregnancy rate (CPR), pregnancy
loss rate (PLR) and ectopic pregnancy rate (EPR).

Results: The LBR of participants in the decreased endometrial thickness
group was higher than that in the non-decreased group (54.26% vs. 51.67%,
P=0.023, after adjusting the confounding factors P=0.032), and the CPR
in the decreased group was also higher than that in the non-decreased
group (61.36% vs. 58.88%, P=0.027, after adjusting confounding factors
P=0.037). There was no significant difference in the EPR (1.65%vs. 1.82%,
P=0.513) or pregnancy loss rate (6.85%vs. 7.42% P =0.771) between two
groups.

Conclusions: A properly decreased of endometrial thickness from the HCG
trigger day to the embryo transfer day in IVF/ICSI cycles will increases
the LBR and CPR. Therefore, the decreased endometrial thickness from
the HCG trigger day to the embryo transfer day cannot be the determined
factor of cancelling embryo transfer.
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Introduction

Previous studies suggested that pregnancy outcome is
closely related to endometrial thickness [12]. KE Liu reported
that the clinical pregnancy rate declined with the poor
endometrial thickness within a certain range [3]. Therefore,
we often measured endometrial thickness using transvaginal
ultrasound before embryo transfer. Most of doctors decided
to cancel the embryo transfer when endometrial thickness is
less than 7 or 8 mm. However, we found that endometrial
thickness changed between the HCG trigger day and embryo
transfer day in this study. In some cases, the endometrial
thickness decreased after the HCG trigger, while in others,
it remained the same or continued to thicken. Does this
mean that the current embryo transfer cycle should be
cancelled for patients with decreasing endometrial thickness?
Jokubkiene reported that sub-endometrial vascularization
changes markedly during the normal menstrual cycle. It
increased throughout the follicular phase, decreased to a
nadir 2 days after ovulation and then increased again during
the luteal phase [4]. Does a slight decrease in endometrial
thickness during the stimulation cycle means changes in sub-
endometrial blood vessels, and does this change affects the
outcomes of embryo implantation? With these questions, we
explored in this study whether the decreasing endometrial
thickness from the HCG trigger day to the embryo transfer
day would affect pregnancy outcomes.

Materials and methods
Data preparation

The data of 9572 IVF/ICSI embryo transfer cycles carried
out with long gonadotropin releasing hormone agonist
(GnRH-a) protocol stimulation at Chongqing Reproductive
and Genetics Institute were obtained from January 1, 2016, to
June 30, 2020. Trials were considered for inclusion with the
following criteria: (1) participants who underwent controlled
ovarian stimulation (COS) with the long GnRH-a protocol;
(2) patients who registered for fresh embryo transfer cycles;
and (3) cases who had their first IVF/ICSI cycles. Exclusion
criteria: (1) age over 40 years; (2) endometrial thickness
<7 mm on embryo transfer day; and (3) blastocyst transfer
cycles.

Ovarian stimulation protocol and embryo transfer
strategy

Patients with long protocol were treated with GnRH-a to
downregulate the functions of the pituitary gland on the day
21 of the previous menstrual cycle. After downregulation of
the pituitary gland, gonadotropin was initiated with a starting
dose of recombinant FSH ranging from 112.5 to 300 IU,
and gonadotropin was modulated according to the patient’s
ovarian response. Recombinant HCG (250 pg, Merck
Serono) were used to trigger ovulation in all cases after at
least two mature follicles were observed to reach 18 mm. The
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oocytes were retrieved 34-36 hours after the HCG trigger,
and progesterone gel (90 mg, Crinone 8%, Merck Serono)
was administered vaginally on the day of egg collection.
Embryo transfer was performed 3 days after oocyte retrieval
and the usual IVF or ICSI procedure. Endometrial thickness
was measured in the morning on both the HCG day and
the transfer day. In our center, three doctors specializing in
vaginal ultrasound measurement performed this work. They
underwent unified ultrasonic measurement training. The
coefficient variation of the measurement results obtained by
the different doctors was less than 5%.After embryo transfer,
the vaginal progesterone gel was continued for luteal support.
Venous blood-HCG levels were measured 14 days after
embryo transplantation. Transvaginal ultrasonography of the
uterus was performed 4 weeks after embryo transplantation.

Outcomes and definitions

The primary outcome was live birth rate. The secondary
outcomes were clinical pregnancy rate, pregnancy loss rate
and ectopic pregnancy rate. Live birth was defined as delivery
of any neonate after 28 weeks of gestation. Clinical pregnancy
was defined as a viable pregnancy with fetal heart activity
under ultrasonography. Ectopic pregnancy was defined as the
detection of a gestational sac outside the uterus. Pregnancy
loss was defined as the spontaneous loss of the embryo or
fetus before 28 weeks of gestation.

Statistical analysis

Statistical Package for the Social Science software
(version 24, SPSS Inc., Chicago. IL, USA) was used to
analyze data in this study. Continuous variables are expressed
as the mean + SD. The 9572 cycles were divided into two
groups based on whether their endometrial thickness was
decreased. Decreased group: the endometrial thickness on
embryo transfer day was thinner than that on the HCG day
(n = 2663).Non-decreased group: the endometrial thickness
on the embryo transfer day was equal to or thicker than that
on the HCG day (n=6909). Student’s t-test was used to detect
differences between continuous variables, and the chi-square
test was used for categorical variables. Categorical variables
are presented as the number of cases (n) and the percentage
(%). Binomial logistic regression analysis was used to adjust
for the baseline characteristics between the two groups.
P < 0.05 was considered statistically significant.

Results

A total of 41,909 cycles were screened and assessed.
Finally, a total of 9572 patients with the first IVF/ICSI
cycle and met the study eligibility criteria, among that, 2663
patients in the decreased group and 6909 patients in the non-
decreased group (Figure 1). The demographic characteristics
were shown in Table 1. There were significant differences
in patients' age (30.87£3.82 vs. 31.05%3.79 years, P=0.044),
and AMH was higher in the decreased group (3.07+2.45 vs.
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2.96+2.27, P=0.039). There was no significant difference in
BMI, infertility type or infertility reason between the two
groups.

The duration of ovarian stimulation (days) in the
decreased group was greater than that in the non-decreased
group (10.84+ 1.33 vs. 10.70+1.34, P< 0.001). There was no
significant difference between the two groups with regard
to estradiol on the trigger day, progesterone on the trigger
day, total dose of gonadotropin, number of oocytes retrieved,
fertilization type or top-quality embryos (Table 2).

The clinical outcomes in the two groups are shown in
Table 3. After adjusting for potential confounders, including
age, anti-Mullerian hormone (AMH), duration of ovarian
stimulation (days), binomial logistic regression analysis
demonstrated that there was significant difference in the live
birth rate (54.26% vs. 51.67%, P=0.023, after adjusting for
confounding factors P=0.032) and the clinical pregnancy
rate (61.36% vs. 58.88%, P=0.027, after adjusting for
confounding factors P=0.037). However, there were no
significant difference in the ectopic pregnancy rate (1.65%vs.
1.82%, P=0.569, after adjusting for confounding factors
P= 0.513) or the pregnancy loss rate (6.85%vs. 7.42%,
P=0.722, after adjusting for confounding factors, P = 0.771)
(Table 3).

Total IVF cycles

(n=41,909)

Excluded:
>
other protocol(n=20,598)
4 A
Excluded:
N not the first cycle(n=1,118)
froze all cycles and no embryo transfer cycles (n=10,146)
& J
4 Excluded: h
age=40 (n=475)
Blastocyst transplant (n=21)
Endometrial thickness on transfer day <7mm(n=11) )

A J

Total eycles included in the study
(n=9,572)

< Nondecreased group (n=6,909)

Figure 1: Flow chart of the patients’ allocation

Volume 6  Issue 1 102

Table 1: Characteristics of the basic parameters of patients in the
two groups

Decreased Nondecreased

group (n=2663) | group (n=6909) P

Age(years) 30.87+3.82 31.05+£3.79 0.044*
Infertility 5.091+3.66 5.03+3.57 0.453
years(years)
BMI 22.01+2.75 22.01+2.80 0.951
AMH 3.07+2.45 2.9612.27 0.039*

Infertility type
Primary
infertility%(n)
Secondary
infertility%(n)
Infertility reason

Tubal factor%(n)

44.09% (1174) | 43.80% (2998) | 0.540

55.91% (1489) | 56.20% (3911) | 0.540

78.67% (2095) | 79.42% (5487) | 0.419

Endometriosis%(n)  0.86%(23) 0.91%(63) | 0.823
Male factor%(n) | 9.13%(243) 8.57%(592) | 0.387
Multiple o o
fantoreonn) 6.27%(167) 6.37%(440) | 0.861
Unexplained 5.07%(135) 473%(327) | 0.491

infertility%(n)

*Statistically significant P-value < 0.05

Discussion

In this study, we found that the endometrial thickness after
HCQG trigger is not invariable. It can also be seen from Figure
2 that the pregnancy outcome changed with the reduction
of endometrial thickness. It seems that when endometrial
thickness reduction, the CPR and LBR do not decrease but
tend to increase.This conclusion is consistent with that of
study conducted by Jigal Haas [5].

L. Jokubkiene studied the changes in endometrial blood
flow in 14 volunteers during the natural cycle and found
that during the follicular phase, the sub-endometrial blood
vessel index increased with follicular growth and that the
thickness and volume of the endometrium increased rapidly.
The sub-endometrial blood vessel index decreased to the
lowest point 2 days after ovulation and then increased again
during the luteal phase [4]. This finding seems to explain
the decrease in endometrial thickness during the stimulation
cycle between the HCG trigger day and the embryo transfer
day. We hypothesize this endometrial change is very similar
with that of in the natural cycle, which might contribute to
improving endometrial receptivity. Sarani SA proposed that
1 to 5 days after ovulation is the period of the menstrual
cycle when endometrial vascularization is at its lowest, and
it is also the period when endometrial receptivity is thought
to be at its maximum in terms of hypoxia [6]. It has been
demonstrated in animal studies that near-atmospheric oxygen
concentrations reduce embryo viability and compromise
embryo development and that oxygen tension in the uterus
is lowest during the implantation period [7-8]. Popovici
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Decreased group

Non-decreased

(n=2663) group (n=6909)
Estradiolonthe | 4146 31,1188.04 | 3067.96:1282.35  0.166
trigger day(pmol/L)
Progesterone on
the trigger day 0.518+0.280 0.522+0.284 0.492
(ng/mL)
Duration of
ovarian stimulation 10.84+1.33 10.7011.34 0.000*
(days)
Totaldose of | 305 63,760 37 | 2360.214738.80 | 0.3
gonadotropin (IU)
No. of cocytes 10.05£3.90 9.97¢3.93 | 0.329
retrieved
Endometrial
thickness on 11.11£1.53 9.62+1.49 0.000
HCG day
Endometrial
thickness on 9.63+1.41 10.58+1.65 0.000
transfer day
Endometrial
thickness change
from HCG day to -1.48+0.76 0.96+1.03 0.000
transfer day
Fertilization type
IVF%(n) 83.59%(2226) 84.05%(5807) | 0.583
ICSI %(n) 12.65%(337) 12.64%(873) 0.979
IVF+ICS 1%(n) 3.76%(100) 3.31%%(229) | 0.289
No. of implanted 1.94+0.25 193£0.26 | 0.274
embryos
Top-quality 1.7741.21 1.84+1.20 | 0.140
embryos

T-tests and chi-square tests were used* Statistically significant

P-value < 0.05
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RM suggested that endometrial hypoxia stimulates the
production of vascular endothelial growth factor (VEGF)
in endometrial stromal cells [9]. Tsuzuki T reported that
hypoxic stress stimulates the generation of VEGF through
hypoxia-inducing factor-1 [10]. The increase in VEGF in turn
regulates the angiogenesis of the endometrium and stimulates
further growth of the endometrium [11]. In a single-center
retrospective control study, Zhiqin Bu found that an increased
endometrial thickness after progesterone administration
was associated with better pregnancy outcomes for thawed
blastocyst cycles [12]. The possible reason for this conflicting
result is that all of our research objects involved cleavage-
stage embryo transfer, with the transfer period being in the
early luteal phase, in contrast to that of the blastocyst transfer,
which is closer to the middle luteal phase. In addition, the
effects of high estrogen levels on the endometrium during
stimulation cycles may lead to different results.

We assume that the transformation of the endometrium
from the hyperplasia stage to the secretion stage is
accompanied by a decrease in the vascularization degree
and uterine thickness, which leads to a decrease in the
endometrial oxygen concentration. Hypoxic stress stimulates
the expression of VEGF through hypoxia-inducing factor-1,
which leads to an increase in the endometrial vascularization
degree and further stimulates the endometrium to thicken
again. The reason why this change is not obvious on
ultrasound is that the endometrial thickness during the
luteal phase changes within a small range. Even so, different
patterns of changes in endometrial thickness within a small
range were associated with different pregnancy outcomes.
In addition, in our study, we found that the endometrium
continued to thicken in some patients from the HCG trigger
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61.64%

61.11%

60.87%

60.00% - 58.11%
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Figure 2: CPR and LBR among groups with different endometrial changes
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day to the embryo transfer day. Does the endometrium in this
population continue to thicken due to exogenous progesterone
deficiency or endogenous progesterone deficiency?
According to Usadi et al., this process is independent of the
actual circulating progesterone concentration; whether serum
progesterone levels are normal or abnormally low, secretory
endometrial development is similar [13]. According to Yoo J,
some infertile women have defects in progesterone receptor
or endometrial resistance, and the related reasons include
overexpression of bcl-6 and sirt-1[14], chronic endometrial
inflammation, progesterone receptor gene polymorphism,
altered microRNA expression, and epigenetic modification of
the progesterone receptor [15,16]. Another theory is that the
ratio of estrogen to progesterone plays a role, with too much
estrogen causes the endometrium to continue to grow. This
conjecture may also explain why the endometrial receptivity
of fresh embryo transplantation during the ovulatory cycle
is lower than that during freeze-thaw embryo transplantation
[17]. Since patients who retrieved more than 20 oocytes in
our center would receive whole embryo cryopreservation, we
cannot analyze the pregnancy outcome after fresh embryo
transfer for patients with this type of super-estrogen level,
so we cannot confirm its hypothesis. However, our data
revealed that there was no significant difference between the
two groups in terms of estrogen levels on the HCG trigger
day and progesterone levels on the HCG trigger day. It may
be suggested that the levels of estrogen and progesterone
in cycles are not the main factors determined whether the
endometrial thickness decreases. However, the expression of
estrogen and progesterone receptors and related inflammatory
factors may be the key factors.

Top-quality embryos: All transferable embryos were
assessed on day 2 or 3 for blastomere number and regularity
as well as for the presence and volume of cytoplasmic
fragmentation. Day 3 embryos with eight equal size cells,no
cytoplasmic fragments, from Day 2 embryos with four equal
size cells, no cytoplasmic fragments.

The advantage of this study lies in it’s the first relevant
report on the effect of endometrial changes on live birth rate
from HCG day to embryo transfer day. At the same time, this
study has a large sample size and reliable results. In order to
reduce the deviation of results caused by different ovulation
stimulation program, we only studied long gonadotropin
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releasing hormone agonist (GnRH-a) protocol. At the
same time, we conducted a logistic regression to adjust the
confounding factors that may affect the pregnancy outcome.
The results of this study are consistent with previous studies,
indicating that endometrial thickness is an important factor
affecting pregnancy outcome. Its innovative discovery is
that, contrary to our previous conjecture, the reduction of
endometrium in a few days from the HCG day to the embryo
transfer day will not adversely affect the pregnancy outcome

The limits of this study include that above conclusions
were obtained in the long protocol, and it is unknown whether
the same conclusions were obtained in other protocol. As
mentioned in Figure 1, we conducted a retrospective analysis
of 41,909 cycles, and 20,598 of them were other protocol
than the long protocol, so the long plan was not the only plan
we used. And we found that the Cumulative live birth rates
of GnRH-a group was higher than that of GnRH-ant group in
suboptimal responders; no significant difference was observed
in other patients between different protocols[18], which was
the reason the long protocol become the mainstream program
inour center. Inaddition, blastocyst embryos were not included
in our study. Some studies suggested that extended culture
may impact offspring via differences in gene expression and
epigenetic mutations, particularly regarding the blastocyst
stage [19-24]. Extending the duration of embryo culture to
the blastocyst stage for assisted reproduction may decrease
the number of embryos transferred. Patients who received
assisted reproduction treatment in China pay for themselves
and did not receive any government subsidies, so most of
them were not willing to risk a reduction in the number of
embryos transferred after blastocyst culture. Since there were
few patients with blastocyst transplantation during the egg
retrieval cycle in our center, which could not be analyzed as a
single group, therefore, the study with the relevant population
could be considered in the future. Meanwhile, it also remains
to be seen that whether this hypothesis could be applied to
freeze-thaw embryo transfer.

Conclusion

In summary, the endometrial thickness from the HCG
trigger day to the embryo transfer day is not static in fresh
embryo transfer cycle, and we cannot use the decreased
endometrial thickness as determined factor to cancel the

Table 3: Clinical outcomes in the two groups

Non-decreased
group (n=6909)

Decreased group
(n=2663)

LBR%(n) 54.26% (1445) 51.67(3570)
CPR %(n) 61.36%(1634) 58.88% (4068)
EPR%(n) 1.65% 44 1.82% 126
PLR%(n) 6.85% 112 7.42% 302

*Statistically significant P-value < 0.05

Before adjustment After adjustment

95%Cl P 95%Cl P
1.014~1.214 0.023* 1.009~1.209 0.032*
1.109~1.012 0.027* 1.006~1.210 0.037*
0.640~1.279 0.569 0.630~1.260 0.513
0.770~1.199 0.722 0.775~1.209 0.771
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embryo transfer. In contrast, the decreased endometrial
thickness may indicate a better pregnancy outcome.
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