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Purpose: Gonadotrophin releasing hormone agonist (GnRH-a) is widely used for pituitary
down-regulation and recruiting more follicles in assisted reproduction. However, no informa-
tion is available on its value for patients with thin endometrial thickness.

Patients and Methods: This was a retrospective cohort study of 302 patients with
endometrium <8 mm undergoing fresh embryo transfer at a fertility center of a university
hospital from January 2016 and December 2018. In 148 cycles of the GnRH-a prolonged
protocol, one depot of 3.75 mg GnRH-a was injected on day 2 of the menstrual cycle, while
in 154 cycles of the short GnRH-a long protocol, 0.1 mg of GnRH-a was injected daily from
the mid-luteal phase. The live birth rate and clinical pregnancy rate were compared between
the two groups. Other outcome measures included the implantation rate, miscarriage rate,
and characteristics of stimulation procedures.

Results: Live birth rates and clinical pregnancy rates were significantly higher in the GnRH-
a prolonged protocol group than in the other group (36.5% vs 20.8%, P=0.002; 43.9% vs
28.2%, P=0.006, respectively). The live birth rate was significantly increased in the pro-
longed protocol group (crude OR: 2.190, 95% CI: 1.311, 3.660; adjusted OR: 2.458, 95% CI:
1.430, 4.224) compared with that in the reference group. The implantation rate of the former
group was also significantly higher than that of the latter group (35.4% vs 15.9%, P=0.000).
There was no significant difference in miscarriage rates between the two protocols. In terms
of stimulation procedures, the GnRH-a prolonged protocol group required significantly
higher Gn time (10.9 vs 9.5 days, P=0.000) and Gn consumption (2625.0 vs 2047.5 IU,
P=0.000) than the short GnRH-a long protocol group.

Conclusion: The GnRH-a prolonged protocol in fresh embryo transfer cycles yielded better
clinical outcomes of patients with thin endometrium than the short GnRH-a long protocol.
Keywords: ovarian stimulation, GnRH-a prolonged protocol, thin endometrium, IVF, COH

Introduction

Controlled ovarian hyper-stimulation (COH) is necessary in assisted reproductive
technology (ART) to recruit more follicles. Routine COH regimens, in most cases
using gonadotrophin releasing hormone agonist (GnRH-a), have been generally
proven as useful and safe.'> Among the various kinds of GnRH-a protocols, the
short GnRH-a long protocol, starting GnRH-a in the mid-luteal phase, is recognized
as an effective standard in young normogonadotropic women.® However, some
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patients who receive conventional COH protocols exhibit
poor outcomes, especially when facing thin endometrium.

Endometrial thickness is a key factor for success of
ART. Thin endometrial thickness has been known to
adversely affect clinical outcomes of infertility in
women. A thin endometrium is generally defined as <7
or 8 mm at the time of ovulation trigger,” measured by
transvaginal ultrasonography. Alternative treatments have
been offered to restore endometrial receptivity, including
hormonal manipulation by estrogen and GnRH-a, hystero-
scopic adhesiolysis, administration of vitamin E, low dose
aspirin, stem cell regeneration, and so on.®® However, no
exact optimal scheme exists for patients with thin endo-
metrium to date.

In our center, a freeze-all policy is used for most
patients with thin endometrium who have to wait for
a future cycle. But some patients (around 15%) with thin
endometrium will choose to proceed with the fresh embryo
transfer cycle if they could acquire several good quality
embryos. In these patients, the GnRH-a prolonged proto-
col is the most widely used ovarian stimulation protocol
for sufficient down-regulation and a larger number of
oocytes. Ideal pregnancy outcomes are often observed in
patients receiving the prolonged protocol, in which GnRH-
a was administered for at least 40 days before ovarian
trigger. We therefore propose that prolonged pituitary
down-regulation is effective for improving clinical out-
comes of patients with thin endometrium in the fresh
embryo transfer cycles.

In order to obtain clear conclusions in this retrospective
study, stimulation procedures and clinical outcomes were
examined between the two most commonly used stimula-
tion protocols in patients whose endometrium thickness
was less than 8 mm.

Materials and Methods

Study Population

All in vitro fertilization (IVF)/intracytoplasmic sperm injec-
tion (ICSI) cycles between January 2016 and December 2018
in a fertility center of a university hospital were screened. The
inclusion criteria included the following: 1) all women with
thin endometrium (<8 mm); 2) fresh embryo transfer cycles;
3) the first ovarian stimulation cycle; and 4) GnRH-a pro-
longed protocol or short GnRH-a long protocol cycles. The
exclusion criteria were: 1) other COH protocol cycles; 2)
patients with egg donor; 3) patients with preimplantation
genetic diagnosis; and 4) patients without fresh embryo

transfer. The flow chart of the study is shown in Figure 1.
The study was approved by the Institutional Review Board at
IRB-
20,200,164-R) and was carried out in accordance with the
Declaration of Helsinki.
obtained from patients in accordance with the ethics

Zhejiang  University, China (approval number

Written informed consent was
committee.

Stimulation Protocols

Given advice from physicians and informed of detailed
information on both protocols, including the days of the
pituitary down-regulation, duration of stimulation, and the
average previous pregnancy rate, the patients decided to
whether to accept the COH regimen or not. However,
patients were not given any advice on which protocol
was better for women who have thin endometrium or
endometriosis. The use of GnRH-a differed in the two
protocols: in the GnRH-a prolonged protocol, 3.75 mg of
GnRH-a was injected on day 2 of the menstrual cycle.
Then, ovarian stimulation with rhFSH ranging from 75 to
300 IU would start 28 days later along with confirmation
of pituitary down-regulation. While in the short GnRH-a
long protocol, 0.1 mg of GnRH-a was injected daily from
the mid-luteal phase. Then, 75-300 IU rhFSH would start
14 days later after confirming down-regulation. Successful
down-regulation was confirmed with follicle diameter
<8 mm, serum estradiol level <50 pg/mL, luteinizing
hormone (LH) <5 IU/L, and endometrium <5 mm. The
gonadotropin dosage was adjusted according to age, antral
follicle count (AFC) score, and weight. When 2 leading
follicles reached a mean diameter of 18 mm, HCG 10,000
IU (HCG; Livzon Pharmaceutical Group Inc., China) was
administered to trigger ovulation. Transvaginal oocyte
retrieval was performed 34-36 h after HCG administra-
tion. All treatment procedures including ovarian stimula-
tion, oocyte retrieval, and fertilization were performed in
strict accordance with the standard operating procedure.
The two protocols are shown clearly in Figure 2.

Embryo transfer was performed on day 3 after ferti-
lization. All embryos were at least good quality (Grade
B) with 7-9 cells and less than 10% fragmentation and
even symmetry. Embryo quality was analyzed according
to the Istanbul
assessment.”

consensus workshop on embryo

Ultrasound Measurement
Endometrial thickness on the day of ovulation trigger
was measured in the midsagittal plane of the uterus as
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(n = 21,750)

All IVF/ICSI cycles between 2016-2018

—

endometrial thickness >= 8mm (n = 18,284)

Y

(n = 3,466)

endometrial thickness < 8mm

patients with no fresh embryo transfer:

1) ovarian stimulation protocol with
freeze-all policy (n = 2,809)

2) GnRH-a prolonged protocol

without good quality fresh embryo (n = 65)
3) short GnRH-a long protocol

without good quality fresh embryo (n = 32)
4) egg donor (n = 6)

5) PGD (n =8)

patients underwent more than one cycle
(n=217)

|

the first fresh embryo transfer cycle (n = 329)

»| other COH protocols (n = 27)

!

GnRH-a Prolonged Protocol
(n =148)

Figure | Flow chart of the study.
Note: Figure | describing flow sheet of enrolled patients.

v

Short GnRH-a Long Protocol
(n=154)

the maximum distance between the two interfaces of Sample Size

endometrial-myometrial junction by transvaginal ultra-  The sample size was calculated by R according to the
sound. Thin endometrium is defined as <8 mm. difference in clinical pregnancy rate (62% versus 45%)
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GnRH-a Prolonged Protocol

Pituitary downregulation: 28 days

\

Stimulation Phase: Gn 75-300 IU daily

\

1123 30(31(32]33|34|35(36(37|38|39|40(|41(42(43|44|45|46( -~
one depot of 3.75 mg GnRH-a
Menses HCG Trigger Retrieval Embryo Transfer
Short GnRH-a Long Protocol
Pituitary downregulation: 14 days Stimulation Phase: Gn 75-300 IU daily
21 330|112 |3(4(5]|6]|7|8|9(10[11]12|13|14(15[16]17|18| 19| "
T Menses \T
0.1 mg GnRH-a daily
HCG Trigger Retrieval Embryo Transfer

Figure 2 Timeline of the two stimulation protocols.

Notes: Figure 2 shows the two protocols for ovarian stimulation. For the GnRH-a prolonged protocol, 3.75 mg of GnRH-a was injected on day 2 of the menstrual cycle,
while for the short GnRH-a long protocol, 0.1 mg of GnRH-a was injected daily from the mid-luteal phase. Then, rhFSH (Gonal-F; Serono, Switzerland) ranging from 75 to
300 IU was injected daily after confirming down-regulation by ultrasound scan and serum hormone level. When two leading follicles reached a mean diameter of 18 mm,
HCG 10,000 IU was used for a trigger. Transvaginal oocyte retrieval was performed 34-36 hours later. Fertilization was achieved using standard IVF or ICSI. Embryo transfer

was performed on day 3 after fertilization.

published before.'® To provide a two-tailed significance
level of 0.05 and a power of 80%, 134 participants were
required in each group.

Definition of Clinical Outcomes

The primary outcome measures were the live birth rate and
the clinical pregnancy rate. The secondary outcomes
included the implantation rate, miscarriage rate, and char-
acteristics of stimulation procedures. The live birth rate
was classified as delivery of any viable infant after 24
weeks. Clinical pregnancy was identified with the presence
of an intrauterine gestational sac with fetal cardiac activity
on transvaginal ultrasound 2-3 weeks after a positive preg-
nancy test. The implantation rate reflects the number of
gestational sacs divided by the number of embryos trans-
ferred. The early miscarriage rate was defined as preg-
nancy loss before the 12th gestational week. The late
miscarriage rate was defined as pregnancy loss between
13 and 24 weeks of gestation. Ectopic pregnancy was

defined as the presence of at least one gestational sac
outside the uterine cavity.

Statistical Analysis

Categorical data were expressed as number and percentage
and were analyzed using Pearson’s chi-squared test.
Continuous data were expressed as mean+tstandard devia-
tion (SD) and were analyzed using analysis of variance
(ANOVA). Endometrial thickness was expressed as med-
ian (ranges) for non-normal distribution and evaluated
using the Mann—Whitney U-test. Clinical outcomes per
cycle were compared between the two protocol groups
using Pearson’s chi-squared or Fisher's exact test.

Then, multivariate logistic regression was performed to
assess whether ovarian stimulation protocols were corre-
lated with live birth. Firstly, a binary logistic regression
model analysis was carried out to determine the confound-
ing factors. Secondly, the significant variables (P<0.1)
identified on the univariate analysis or well-known to be
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associated with the success of IVF cycles, such as female
age, were subjected to multivariate logistic regression
analysis. Therefore, the live birth rate was adjusted accord-
ing to female age, years of infertility, AFC, BMI, type of
infertility, and concomitant infertility factors. The results
are given in terms of crude and adjusted odds ratio (OR)
and 95% confidence interval (CI). Finally, the live birth
rate and clinical pregnancy rate in the two protocol groups
were adjusted as marginal means (95% Cls) according to
female age, years of infertility, AFC, BMI, type of inferti-
lity, and concomitant infertility factors.

P<0.05 was considered statistically significant. All sta-
tistical analyses were carried out using the Statistical
Package for Social Science version 22.0 (SPSS, Inc.).

Results

Baseline Characteristics

148 patients who underwent a first GnRH-a prolonged
protocol and 154 who underwent a short GnRH-a long
protocol between January 2016 and December 2018 were
included. Characteristics of included patients are described
in Table 1. Endometrial thickness ranged from 4.6 to
7.9 mm and 5.0 to 7.9 mm in the two groups respectively,
P=0.053. The average age of the 148 women enrolled in
the GnRH-a prolonged protocol group was 31.3+4.0 years
(mean+SD), and the 154 women in the other group was
31.144.8 years, P=0.832. No statistically significant differ-
ence was noted in maternal age, years of infertility, AMH,
FSH, AFC, BMI, type of infertility, and concomitant infer-
tility factors between the two groups.

Outcomes of Controlled Ovarian
Hyper-Stimulation

Table 2 shows ovarian stimulation procedures of the two
protocols. Exposure days to GnRH-a before the stimula-
tion phase were enhanced in the GnRH-a prolonged pro-
tocol compared with the short GnRH-a long protocol (32.5
vs 14.6 days, P=0.000) as expected, which resulted in
prolonged pituitary down-regulation. The GnRH-a pro-
longed protocol group had significantly higher duration
of stimulation (10.9 vs 9.5 days, P=0.000) and total Gn
dosage (2625.0 vs 2047.5 IU, P=0.000) than the short
GnRH-a long protocol group. While the short GnRH-a
long protocol yielded a higher estradiol level (3371.4 vs
2283.4 pg/mL, P=0.000) and LH level (1.7 vs 1.0 mIU/
mL, P=0.062) on the hCG day than the prolonged
protocol.

Table | Baseline Characteristics of the Patients

GnRH-a Short GnRHa P
Prolonged Long Protocol
Protocol
Number of 148 154
patients
Endometrial 7.40 (4.6, 7.9) 7.45 (5.0, 7.9) 0.053
thickness (mm)
Age (years) 31.3+4.0 31.1+4.8 0.832
Years of infertility | 3.4+2.6 3.3+2.6 0.744
AMH (ng/mL) 5.6+3.2 5.1£34 0.272
FSH (mIU/mL) 7.3%19 7318 0.844
AFC 14.5+5.4 15.0+6.6 0.400
BMI 22.0£3.01 22.242.9 0.442
Primary infertility | 64 (43.2%) 74 (48.1%) 0.402
Concomitant 0.317
infertility factors
Tubal factor 92 (62.2%) 95 (61.7%)
Male factor 20 (13.5%) 27 (17.5%)
Ovulatory 3 (2.0%) 8 (5.2%)
Others/mix 10 (6.8%) 8 (5.2%)
Unexplained 23 (15.5%) 16 (10.4%)

Notes: Data are expressed as mean+SD or number (percentage). Endometrial
thickness is expressed as median (ranges) for non-normal distribution.
Abbreviations: AMH, anti-Mullerian hormone; FSH, follicle stimulating hormone;
AFC, antral follicle count; BMI, body mass index.

Each patient was transferred with one or two good
quality embryos only and the number of embryos trans-
ferred was comparable between the two groups. Other
results including the number of oocytes retrieved, two
visualized pronuclei (2PN) number, and variable blasto-
cyst frozen were also similar.

Clinical Outcomes

The live birth rate was 36.5% (54/148) in the prolonged
protocol group and 20.8% (32/154) in the short GnRH-a
long protocol group, P=0.002 (Table 2). The clinical preg-
nancy rate and implantation rate of the former group were
also significantly higher than that of the latter group
(43.9% vs 28.2%, P=0.006; 35.4% vs 15.9%, P=0.000,
respectively). There were no significant differences in the
miscarriage rate and ectopic pregnancy between the two
protocols (P>0.05).

Multivariable Logistic Regression Models
We further conducted logistic regression analysis to eval-
uate whether the ovarian stimulation protocol was an
independent factor associated with the live birth rate
(Table 3). The logistic regression model showed that in

Drug Design, Development and Therapy 2020:14

submit your manuscript

3677

Dove


http://www.dovepress.com
http://www.dovepress.com

Song et al

Dove

Table 2 Outcomes of Controlled Ovarian Hyper-Stimulation

GnRH-a Prolonged Short GnRH-a Long P
Protocol Protocol

Stimulation characteristics
Number of patients 148 154
Pituitary down-regulation before stimulation phase 32.5+54 14.6£1.3 0.000
(days)
Duration of stimulation (days) 10.9+1.8 9.5%1.4 0.000
Gn dose (75 1U/per) 35.0£12.9 27.3+8.4 0.000
Estradiol (pg/mL) 2283.4+1287.7 3371.4+1552.0 0.000
Progesterone (ng/mL) 0.9+0.3 0.9+0.3 0.666
LH (mIU/mL) 1.0£0.7 1.7+0.6 0.062
Number of oocytes retrieved 11.1+4.3 11.5+4.3 0.416
Type of treatment 0.884

IVF 115 (77.7%) 116 (75.3%)

ICSI 24 (16.2%) 28 (18.2%)

IVF+ICSI 9 (6.1%) 10 (6.5%)

Number of 2PN 7.0£3.4 7.2£33 0.553
Number of embryo transfers 0914

| 73 (49.3%) 75 (48.7%)

2 75 (50.7%) 79 (51.3%)

Number of blastocysts frozen 2.3+2.1 2.3+2.1 0917
Clinical outcomes
Live birth rate (%) 36.5 (54/148) 20.8 (32/154) 0.002
Clinical pregnancy rate (%) 43.9 (65/148) 28.2 (44/154) 0.006
Implantation rate (%) 35.4 (79/223) 15.9 (50/314) 0.000
Early miscarriage rate (%) 10.8 (7/65) 20.5 (9/44) 0.149
Late miscarriage rate (%) 4.6 (3/65) 4.5 (2/44) 0.679
Ectopic pregnancy (n) | | NS

Note: Data are expressed as mean+SD or number (percentage).

Abbreviations: Gn, gonadotropin; LH, luteinizing hormone; PN, two visualized pronuclei; IVF, in vitro fertilization and embryo transfer; ICSI,

intracytoplasmic sperm injection; NS, not significant.

patients with thin endometrium, the independent variables
predictive of live birth were the ovarian stimulation pro-
tocol (P=0.001) and AFC (P=0.016). Compared with that
in the reference group, the live birth rate was significantly
increased in the prolonged protocol group (crude OR:
2.190, 95% CI: 1.311, 3.660; adjusted OR: 2.458, 95%
CI: 1.430, 4.224). However, female age, years of inferti-
lity, BMI, type of infertility, and concomitant infertility
factors were not associated with live birth.

Adjusted Live Birth Rate and Clinical

Pregnancy Rate by Protocols

Table 4 shows the marginal means (95% ClIs) of the live birth
rate and clinical pregnancy rate by the two protocols. In
women with thin endometrium, after adjustment for female
age, years of infertility, AFC, BMI, type of infertility, and

concomitant infertility factors, the live birth rate and clinical
pregnancy rate were significantly higher in the prolonged
group than that in the other group (39% vs 20%, P=0.001;
45% vs 28%, P=0.004, respectively).

Discussion
This study was the first research with the largest sample
size (n=302) to estimate the novel use of GnRH-a for
improving the live birth rates of patients with thin endo-
metrium. The results of this retrospective cohort study
showed that the GnRH-a prolonged protocol is an effective
treatment for improving clinical outcomes of patients with
thin endometrium.

Treatment of thin endometrium remains a challenge
and unresolved problem in ART. The pregnancy outcomes
are significantly declined with an endometrial thickness
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Table 3 Logistic Regression Model of Live Birth
OR 95% CI Wald 5> P
Unadjusted
Short GnRH-a long protocol REF
GnRH-a prolonged protocol 2.190 1.311, 3.660 8.959 0.003
Adjusted
GnRH-a prolonged protocol 2.458 1.430, 4.224 10.599 0.001
Short GnRH-a long protocol REF
Age (years) 0.988 0.923, 1.059 0.108 0.742
Years of infertility 0.921 0.816, 1.040 1.757 0.185
AFC 1.061 1.OIL, 1113 5.760 0.016
BMI 0.932 0.849, 1.024 2.161 0.142
Primary 1.224 0.702, 2.136 1.757 0.476
Secondary REF
Concomitant infertility factors
Tubal factor 0.599 0.271, 1.324 1.604 0.205
Male factor 0.633 0.236, 1.697 0.827 0.363
Ovulatory 1.041 0.221, 4918 0.003 0.959
Others/mix 0.458 0.120, 1.750 1.305 0.253
Unexplained REF
Notes: Adjusted for female age, years of infertility, AFC, BMI, type of infertility, and concomitant infertility factors.
Abbreviations: AFC, antral follicle count; BMI, body mass index; REF, reference value.
Table 4 Live Birth Rates and Clinical Pregnancy Rates by Protocols: Unadjusted and Adjusted
Live Birth Rate Clinical Pregnancy Rate
Unadjusted® Adjusted® Unadjusted® Adjusted®

GnRH-a prolonged protocol
Short GnRH-a long protocol
PC

36.5 (54/148)
20.8 (32/154)

0.39 (0.28, 0.50)
020 (0.13, 0.30)
0.001

43.9 (65/148)
28.2 (44/154)

0.45 (0.34, 0.56)
0.28 (0.20, 0.39)
0.004

Notes: *Live birth rate and clinical pregnancy rate are expressed as n%. ®Values are marginal means (95% Cls) adjusted for female age, years of infertility, AFC, BMI, type of
infertility, and concomitant infertility factors. “Values are obtained from ){2 test (based on the marginal mean of estimation).

below 6-8 mm on the day of ovulation trigger.'"'* Various
treatments have been proposed to improve endometrial
receptivity and increase pregnancy rates, such as adding
additional estrogen and GnRH-a, hysteroscopic adhesioly-
sis, administration of vitamin E, low dose aspirin, stem
cell regenerative therapy, and so on. Many patients, how-
ever, could get limited benefits from these methods."?
Several studies revealed that the thickness of endome-
trium on the day of ovarian trigger of at least 8 mm is
a prognostic factor for successful implantation.'*'> Also,
the endometrium of 8 mm has been widely used as the
threshold of endometrial receptivity in FET cycles.'®'®
When doctors and infertile women are faced with extre-
mely low endometrium (<4-5 mm), freezing all embryos
may be the best choice for them. However, with low

endometrium (<6—8 mm) and other good conditions,
patients may hesitate about the next step considering
time and cost.

In our center, the GnRH-a prolonged protocol and the
short GnRH-a long protocol are the most widely used
ovarian stimulation protocols for patients with thin endo-
metrium. Usually, ideal pregnancy outcomes are obtained.
In our results, with comparable baseline characteristics and
similar stimulation procedure, patients of the prolonged
protocol group had significantly higher live birth rate,
clinical pregnancy rate, and implantation rate than those
of the short GnRH-a long protocol group. Several retro-
spective studies also demonstrated that the GnRH-a pro-
longed protocol consisting of one depot of long-acting
GnRH-a analogues before ovarian stimulation offered

Drug Design, Development and Therapy 2020:14
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relatively high pregnancy rates in normal responders and
especially in patients with endometriosis.'®>* No informa-
tion, however, is available regarding their value in improv-
ing endometrium.

In the GnRH-a prolonged protocol, 3.75 mg of GnRH-
a is injected once on day 2 of the menstrual cycle. Most
researchers hold the view that the beneficial effects might
be associated with increased endometrial receptivity dur-
ing embryo implantation. In our study, patients with thin
endometrial thickness could also benefit a lot from the
GnRH-a prolonged stimulation protocol. Our results
showed that this protocol may increase pregnancy out-
comes by improving endometrial receptivity rather than
just endometrial thickness. Another study supported that
the increasing concentrations of GnRH-a could improve
endometrial receptivity by regulating the expression of the
related enzymes and cytokines directly.24 A recent mole-
cular mechanism study proved that the administration of
higher doses of long-acting GnRH-a may have a beneficial
effect on endometrial receptivity by protecting the expres-
sion of endometrial receptivity markers such as HOXA10,
MEIS1, and LIF.>> However, a longer period of GnRH-a
administration is not recommended. Previous studies
showed that the ultralong administration of GnRH-a
before IVF did not improve the clinical pregnancy rate in
women with endometrial factors.”®?’ In the ultralong
GnRH-a protocol, 3.75 mg of GnRH-a was injected three
times on days 1, 28, and 56 after the menstrual cycle.
Thus, the duration of the down-regulation of this protocol
is 90 days. While in the GnRH-a prolonged protocol of our
study, the average duration of the down-regulation is 40
days. But the reason why a prolonged ovarian suppression
resulted in better clinical outcomes needs to be explored in
future studies.

This study was a retrospective design from a single
medical center, but baseline characteristics of included
patients were matched (Table 1). 302 patients whose endo-
metrium was less than 8 mm were finally enrolled from
21,750 cycles. All 148 patients who underwent the first
GnRH-a prolonged protocol and 154 who underwent the
short GnRH-a long protocol had acquired good quality
fresh embryos for transfer. “Special” patients like egg
donors who might introduce confounding factors were
routinely excluded according to the criteria as showed in
the flow chart of the study in Figure 1. As expected,
maternal age, years of infertilityy, AMH, FSH, AFC,
BMI, type of infertility, and concomitant infertility factors
were comparable between the two groups. In addition,

multivariate logistic regression analysis and adjusted mar-
ginal means (95% Cls) of the live birth rate and clinical
pregnancy rate also contributed to eliminating the con-
founding factors. The average age, known as the best
predictor of embryo quality, was both 31 years in the
two groups. Most patients were young and have good
quality, which might be the reason why the female age
was not found to be associated with the live birth rate in
our regression analysis result.

The purpose of the present study was to determine
whether prolonged pituitary down-regulation is an effective
treatment for improving clinical outcomes of patients with
endometrium <8 mm. Though with similar stimulation pro-
cedures including the number of oocytes retrieved, 2PN, and
variable blastocyst frozen, the live birth rate, clinical preg-
nancy rate, and implantation rate of the prolonged protocol
group were significantly higher than those of the short
GnRH-a long protocol group. The explanation for better
outcomes may lie in increased exposure to GnRH-a in the
prolonged protocol group. Our results were supported by
some studies, which justified the effectiveness of adding
GnRH-a better IVF
outcomes.”™*’ Another reason for better outcomes may be

before oocyte retrieval for
the decreased LH levels in the prolonged protocol group (1.0
vs 1.7), even though the difference was not significant
(P=0.062). As we know, relatively high LH serum level has
a dramatic impact on pregnancy achievement. The under-
lying mechanism may be the role of LH receptor expression
in determining the fate of embryos, which is influenced by
different ovarian stimulation protocols.>* Our data suggested
a stronger suppression on the pituitary and ovary in the
GnRH-a prolonged protocol group. Some publications
proved that more successful pregnancies can be obtained if
an endogenous premature LH surge could be inhibited.>'
Additionally, another significantly different hormone value
between two protocols was the estradiol level on the
HCG day. The short GnRH-a long protocol yielded
a higher estradiol serum level (3371.4 vs 2283.4 pg/mL)
(Table 2), but the two protocols had a similar number of
oocytes retrieved. Thus, an increase in estradiol levels may
induce a premature LH surge with follicles growing in the
short GnRH-a long protocol — an important limiting factor in
achieving pregnancy.

Our research has some limitations. First, the data of
endometrial thickness were not collected before a cycle
was initiated. But endometrial thickness on the day of
ovarian trigger is the key determinant for clinicians and
infertile couples to choose to proceed with the fresh
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embryo transfer or cryopreserve all embryos for a future
cycle. In our study, patients had similar endometrial
thickness on the day of ovarian trigger, ranging from
4.6 to 7.9 mm and 5.0 to 7.9 mm in the two groups
respectively. Despite this, they could still benefit a lot
from the GnRH-a prolonged stimulation protocol.
Second, this study was a retrospective design from
a single medical center. These conclusions warrant
further confirmation by other multicenter, larger, prospec-
tive studies. However, the large sample size, use of
a multivariate regression model for a wide array of pos-
sible confounding factors, and marginal means of live
birth rate adjusted by protocols rendered the conclusion
relatively reliable.

Conclusion

Our large, retrospective cohort study found that the GnRH-
a prolonged protocol in fresh embryo transfer cycles
offered better clinical outcomes of patients with thin endo-
metrium than the short GnRH-a long protocol.
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