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 Background: This study aimed to compare the effectiveness of endometrial receptivity analysis (ERA)-guided personalized 
embryo transfer (pET) with conventional frozen embryo transfer (FET) in 281 Chinese women with recurrent 
implantation failure (RIF).

 Material/Methods: A total of 281 eligible patients with RIF were recruited and assigned to ERA (ERA followed by pET) and FET 
groups. The clinical pregnancy outcomes were compared between the 2 groups.

 Results: There were no significant differences between the ERA and FET groups in terms of endometrial thickness on 
the day of embryo transfer, mean attempts of assisted reproductive technology (ART) treatment, anti-Mulleri-
an hormone, follicle-stimulating hormone, or antral follicle count in the fresh cycle (P>0.05). The ERA test iden-
tified 35% of samples as receptive and 65% as nonreceptive, and comparable pregnancy outcomes were ob-
served between receptive and nonreceptive patients (P>0.05). Higher pregnancy and implantation rates were 
found in the ERA group than in the FET group (P<0.01), while no significant differences were detected between 
the 2 groups in terms of miscarriage rates (P>0.05).

 Conclusions: In this study of Chinese women with RIF undergoing in vitro fertilization and embryo transfer, ERA-guided pET 
resulted in a significant improvement in pregnancy and implantation rates when compared with FET.
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Background

Infertility, which is defined as a failure to conceive despite 12 
months of regular, unprotected sexual intercourse, is a world-
wide issue [1]. As a global public health concern, this disor-
der of the reproductive system is estimated to occur in 15% 
of all couples of reproductive age worldwide [2]. Results from 
the 2017 Global Burden of Disease Study showed that there 
were 123 085 individuals living with infertility across the globe, 
which was responsible for 957 000 years lived with disabil-
ity [3]; more importantly, both the prevalence and the dis-
ease burden of infertility showed an upward trend from 1990 
through 2017 [4]. In China, the prevalence of infertility is es-
timated to be 25% among couples of reproductive age, which 
poses heavy social, economic, family, and disease burdens in 
the country [5].

Although the exact cause remains unclear, multiple factors 
have been identified to be responsible for infertility [6], among 
which recurrent implantation failure (RIF) is accepted as a ma-
jor cause of infertility [7-9]. Previous studies have identified 
many factors that contribute to the pathogenesis of RIF, and 
endometrial receptivity, which is crucial for embryo implanta-
tion, is widely considered as a primary cause for implantation 
failure [10-12]. A receptive endometrium is a prerequisite for 
successful embryo implantation and subsequent pregnancy [13].

The window of implantation (WOI), which is necessary for the 
implantation of the blastocyst in the uterus, usually starts be-
tween days 19 and 20 of the menstrual cycle, and generally 
lasts between 24 and 36 hours [14]. During the WOI, the en-
dometrium expresses a sophisticated repertoire of proteins 
that allow it to become receptive to implantation by the em-
bryo [15]. Precise prediction of the WOI is therefore of great 
significance to improve the implantation rate and the likeli-
hood of pregnancy [16].

Endometrial receptivity analysis (ERA) was developed to iden-
tify the receptive state of the endometrium and personalize 
the time of embryo transfer through the profiling of the ex-
pression of 248 genes at different stages of the endometrial 
cycle. This assay has shown higher accuracy than histological 
dating in the identification of endometrial dating and receptiv-
ity [17]. More importantly, ERA results remain reproducible in 
the same individual across multiple menstrual cycles (from 29 
through 40 months) as long as the body mass index (BMI), en-
dometrial thickness, and treatment regimens are not changed 
during this period [17]. Previous studies have shown the ef-
fectiveness of ERA for the prediction of the WOI, and the ERA 
test was identified as an effective and reproducible approach 
to guiding pET [18-22]; however, the efficacy of such a tool 
for pET in Chinese women requires further investigation [23]. 
Therefore, this study aimed to compare the effectiveness of 

ERA-guided pET with conventional frozen embryo transfer (FET) 
in 281 Chinese women with RIF.

Material and Methods

Ethics Statement

The protocol of this study has been reviewed and approved by 
the Ethics Review Committee of Chengdu Xi’nan Gynecology 
Hospital (approval no. 2020-018). Signed informed consent 
was obtained from all participants.

Patient Enrollment

Patients undergoing FET at the blastocyst stage on days 5 or 6 
during the period of November 2019 through March 2021 were 
recruited for this study. The inclusion criteria were (1) ages of 
18 through 37 years; (2) BMI between 18.5 and 30 kg/m2; (3) 
couples experiencing multiple embryo implantation failures (at 
least 2 cycles of embryo transfer, or transfer of at least 3 good-
quality blastocysts with a Gardner’s score of 4BB or higher) [24]; 
and (4) at least 1 remaining blastocyst with a Gardner’s score 
of 4BB or higher. Patients with genetic disorders, anatomical 
abnormality of the genital tract, infections, endocrine diseas-
es, immune disorders, or severe asthenospermia were exclud-
ed from the study. Finally, a total of 281 eligible patients were 
included in the study and assigned to the ERA group (n=140) 
or the FET group (n=141). We collected participants’ demo-
graphic features from the medical records.

Endometrial Sampling and Processing

Patients in the ERA group underwent pET, while patients in 
the FET group underwent conventional frozen embryo trans-
fer. Patients in the ERA group underwent the ERA test under 
either a hormonal replacement therapy (HRT) cycle or a natural 
cycle [19]. In the HRT cycle, 50 to 70 mg of endometrial biopsy 
samples were collected from the uterine fundus using a sterile 
suction tube (Shanghai Jiaobao Medical Health Care Technology 
Co., Ltd.; Shanghai, China) 120 ± 3 h after the start of admin-
istration with utrogestan vaginal 300 mg capsules (CYNDEA 
PHARMA SL; Olvega, Spain) every 12 h and 20 mg dydroges-
terone (Abbott Biologicals B.V.; Amstelveen, The Netherlands) 
twice a day on day 5 from the start of menstruation (P+5). In 
the natural cycle, endometrial specimens were sampled 7 days 
after the luteinizing hormone surge (LH+7) or 7 days after the 
administration of human chorionic gonadotropin (hCG+7). All 
endometrial specimens were transferred to cryotubes (Biosigma 
S.p.A.; Cona, Italy) containing 1.5 mL RNA later solution (Qiagen 
GmbH; Hilden, Germany) and were shaken vigorously to al-
low for the stabilization of the genetic material present in the 
tissue. Endometrial specimens were stored at 4°C for at least 
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4 h or stored at -20°C and then shipped at room temperature 
for the ERA test. Patients in the FET group did not receive ERA 
and underwent blastocyst transfer between 120 and 126 h af-
ter corpus luteum transformation.

ERA and WOI Prediction

All endometrial specimens were sent to Hangzhou Veritas 
Genetics Medical Institute Co., Ltd. (Hangzhou, China) for ERA. 
Total RNA was extracted from endometrial specimens using 
a QIAGEN QIA cube robotic workstation and QIAGEN spin-col-
umn kits (Qiagen; Hilden, Germany), and good-quality RNA 
samples (RNA integrity number R7) were employed for sub-
sequent ERA as described previously [20].

The transcriptomic sequencing data were processed using 
RNASeq, and the endometrial receptivity status was assessed 
by the ERA computational predictor as described previous-
ly [17]. The endometrium was classified as receptive or non-
receptive according to the ERA assessment, and pET was done 
at the time determined by the ERA in the ERA group.

Clinical Follow-up and Outcomes

All patients were followed up until May 15, 2021, and the fol-
lowing were calculated and compared between the ERA and 
the FET groups: biochemical pregnancy rate, clinical pregnan-
cy rate, implantation rate, clinical miscarriage rate, biochem-
ical miscarriage rate, ectopic pregnancy rate, cumulative bio-
chemical pregnancy rate, cumulative clinical pregnancy rate, 
cumulative implantation rate, cumulative clinical miscarriage 
rate, cumulative biochemical miscarriage rate, and cumulative 
ectopic pregnancy rate. The biochemical pregnancy rate was 
defined as the proportion of women who were positive for se-
rum b-human chorionic gonadotropin (b-hCG) (>25 mIU/mL), 
without confirmation by vaginal ultrasound; clinical pregnan-
cy rate was defined as the proportion of women who were 

positive for b-hCG, and a gestational sac was visualized by 
vaginal ultrasound at the fifth week of pregnancy; implanta-
tion rate was defined as the number of gestational sacs detect-
ed by vaginal ultrasound at the fifth gestational week divid-
ed by the number of embryos transferred; clinical miscarriage 
rate was defined as the proportion of women with spontane-
ous pregnancy losses in whom a gestational sac was previ-
ously observed; biochemical miscarriage rate was defined as 
the proportion of women with pregnancy losses in whom only 
the detection of b-hCG was positive, without a gestational sac 
visualized by vaginal ultrasound at the fifth week of pregnan-
cy; ectopic pregnancy rate was defined as the proportion of 
women with pregnancies outside of the uterine cavity diag-
nosed by ultrasound, surgical visualization, or histopatholo-
gy; cumulative biochemical pregnancy rate, cumulative clini-
cal pregnancy rate, cumulative implantation rate, cumulative 
clinical miscarriage rate, cumulative biochemical miscarriage 
rate, and cumulative ectopic pregnancy rate were the appel-
late counterpart indicators (biochemical pregnancy rate, the 
clinical pregnancy rate, implantation rate, clinical miscarriage 
rate, biochemical miscarriage rate, ectopic pregnancy rate) fol-
lowing the same type of transfer arm into which the patient 
was randomized to up to a 12-month follow-up period, respec-
tively. In addition, the blastocyst quality was assessed using 
Gardner’s scoring system, and a good-quality blastocyst was 
defined by a Gardner’s score of 4BB or higher [24].

Statistical Analysis

All statistical analyses were performed using the statistical 
software SPSS version 21.0 (IBM Corp., Armonk, NY, USA). All 
measurement data were expressed as mean±standard devia-
tions (SD), and all categorical data were described as propor-
tions. Comparison of measurement data was done with the t 
test, and differences between proportions were tested for sta-
tistical significance with the chi-squared test or Fisher exact 
test. A P value of <0.05 was considered statistically significant.

Characteristic ERA group (n=140) FET group (n=141) P value

Age (years) 32.01±2.99 31.87±3.21 >0.05

BMI (kg/m2) 21.21±0.8 21.17±0.79 >0.05

AMH in the fresh cycle (ng/mL) 4.26±0.71 5.12±1.98 >0.05

FSH in the fresh cycle (IU) 7.40±1.69 7.00±1.67 >0.05

AFC in the fresh cycle 16.35±8.19 18.25±9.29 >0.05

Endometrial thickness on the day of embryo transfer (cm) 0.97±0.11 0.95±0.23 >0.05

Number of attempts with ART 5.79±0.97 6.10±0.83 >0.05

Table 1.  Comparison of the baseline patient characteristics between the endometrial receptivity analysis (ERA) and conventional 
frozen embryo transfer (FET) groups.

BMI – body mass index; AMH – anti-Mullerian hormone; FSH – follicle-stimulating hormone; AFC – antral follicle count; ART – assisted 
reproductive technology.
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Results

Patients Characteristics

In the ERA group, patient age ranged from 24 to 37 years, BMI 
was between 18.55 and 29.78 kg/m2, and endometrial thick-
ness ranged from 0.5 to 1.5 cm on the day of embryo transfer. 
In the FET group, patient age ranged from 23 to 37 years, BMI 
was between 18.73 and 29.38 kg/m2, and endometrial thick-
ness ranged from 0.5 to 1.7 cm on the day of embryo transfer. 
Patients in the ERA group experienced 5.79±0.97 attempts with 
assisted reproductive technology (ART) treatment and patients 

in the FET group underwent 6.10±0.83 attempts. There were 
no significant differences between the ERA and FET groups in 
terms of age, BMI, endometrial thickness on the day of em-
bryo transfer, mean attempts of ART treatment, or anti-Mul-
lerian hormone (AMH), follicle-stimulating hormone (FSH), or 
antral follicle count (AFC) in the fresh cycle (P>0.05) (Table 1).

In addition, there were 60 patients who transferred day 6 em-
bryos and 80 who transferred day 5 embryos in the ERA group, 
while 56 patients transferred day 6 embryos and 85 transferred 
day 5 embryos in the FET group. There were no significant dif-
ferences detected in the clinical outcomes between patients 

Clinical outcome

ERA group (n=140) FET group (n=141)

Transfer of 
day-5 

embryos

Transfer of 
day-6 

embryos
P value

Transfer of 
day-5 

embryos

Transfer of 
day-6 

embryos
P value

Biochemical pregnancy rate, n (%)
56/89 

(62.92%)
32/51 

(62.75%)
>0.05

36/88 
(40.91%)

19/53 
(35.85%)

>0.05

Clinical pregnancy rate, n (%)
47/89 

(52.81%)
23/51 
(45.1)

>0.05
19/88 

(21.59%)
16/53 

(30.19%)
>0.05

Implantation rate, n (%)
64/141 
(45.39%

27/77 
(35.06%

>0.05
23/139 

(16.55%)
19/84 
(22.62)

>0.05

Clinical miscarriage rate, n (%)
4/56 

(7.14%)
5/32 

(15.63%)
>0.05

6/36 
(16.67%)

3/19 
(15.79%)

>0.05

Biochemical miscarriage rate, n (%)
9/56 

(16.07%)
9/32 

(28.13%)
>0.05

16/36 
(44.44%)

2/19 
(10.53%)

<0.05

Ectopic pregnancy rate, n (%)
0/56 
(0)

0/32 
(0)

>0.05
0/36 
(0)

0/19 
(0)

>0.05

Embryos transferred per patient, N 1.58±0.32 1.51±0.45 >0.05 1.58±0.54 1.58±0.47 >0.05

High-quality embryos transferred per 
patient, N

0.72±0.43 0.78±0.27 >0.05 1.07±0.35 0.92±0.22 >0.05

Cumulative biochemical pregnancy rate, 
n (%)

62/88 
(70.45%)

37/52 
(71.15%)

>0.05
40/79 

(50.63%)
28/62 
(45.16)

>0.05

Cumulative clinical pregnancy rate, 
n (%)

50/88 
(56.82%)

30/52 
(57.69%)

>0.05
31/79 

(39.24%)
26/62 

(41.94%)
>0.05

Cumulative implantation rate, n (%)
67/141 

(47.52%)
35/76 

(46.05%)
>0.05

39/129 
(30.23%)

29/99 
(29.29%)

>0.05

Cumulative clinical miscarriage rate, 
n (%)

4/62 
(6.45%)

6/37 
(16.22%)

>0.05
4/40 
(10%)

4/28 
(14.29%)

>0.05

Cumulative biochemical miscarriage 
rate, n (%)

11/62 
(17.74%)

7/37 
(18.92%)

>0.05
8/40 
(20%)

1/28 
(3.57%)

>0.05

Cumulative ectopic pregnancy rate, 
n (%)

0/62 
(0)

0/37 
(0)

>0.05
0/40 
(0)

0/28 
(0)

>0.05

Cumulative embryos transferred per 
patient, N

1.6±0.39 1.46±0.41 >0.05 1.53±0.41 1.58±0.39 >0.05

Cumulative high-quality embryos 
transferred per patient, N

0.77±0.29 0.71±0.3 >0.05 0.940.11± 0.89±0.21 >0.05

Table 2.  Comparison of the clinical outcomes between transfer of day 5 and day 6 embryos in the endometrial receptivity analysis 
(ERA) and conventional frozen embryo transfer (FET) groups.
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who transferred day 5 embryos and patients who transferred 
day 6 embryos in the ERA group or in the FET group, except 
that a significantly higher biochemical miscarriage rate was 
observed in patients who transferred day 5 embryos than in 
those who transferred day 6 embryos in the FET group (Table 2).

ERA Results and Follow-up Outcomes

The ERA assessment presented a receptive result in 49 of the 
140 patients tested (35%), and most of the nonreceptive results 
were pre-receptive (Figure 1). At least 1 high-quality embryo 
was transferred in the patients with a receptive endometrium, 

and the clinical follow-up showed a 48.98% clinical pregnancy 
rate and a 44.16% implantation rate in those patients. Among 
the 91 patients with a nonreceptive endometrium, the clini-
cal follow-up showed a 50.55% clinical pregnancy rate and a 
40.43% implantation rate. No ectopic pregnancies were found 
in patients undergoing ERA. There were no significant differ-
ences between receptive and nonreceptive patients in terms of 
pregnancy, implantation, or miscarriage rates (P>0.05) (Table 3).

There were no significant differences between the ERA and 
FET groups in terms of the number of embryos or high-qual-
ity embryos transferred per patient (P>0.05). We observed a 
higher pregnancy and implantation rate in the ERA group than 
in the FET group (P<0.01); however, no significant differenc-
es were found between the 2 groups in terms of miscarriage 
rate (P>0.05). In addition, no ectopic pregnancies occurred in 
either group (Table 4).

Then, we compared the clinical outcomes in patients in the 
ERA and FET groups who transferred a single embryo, and no 
significant differences were detected, except that a higher bio-
chemical pregnant rate was seen in the ERA group than in the 
FET group (Table 5).

Discussion

In this study, our findings showed higher pregnancy and im-
plantation rates in Chinese women with RIF who underwent 
ERA than in those receiving FET (P<0.01). To the best of our 
knowledge, this is the first report to investigate and clarify the 
effectiveness of ERA for pET in a Chinese population with RIF.

1

Receptive

Receptive
Pre-receptive
Early receptive
Late receptive

2226

91

Figure 1.  Endometrial receptivity analysis (ERA) assessment of 
endometrial receptivity in 140 Chinese women with 
recurrent implantation failure. Pre-receptive profile, 
P+6; early receptive, P+5.5; late receptive profile, 
P+4.5; P – progesterone. The figure was created using 
Microsoft Excel 2010.

Clinical outcome Receptive subjects (n=49) Non-receptive subjects (n=91) P value

Biochemical pregnancy rate, n (%)  29/49 (59.18%)  59/91 (64.84%) >0.05

Clinical pregnancy rate, n (%)  24/49 (48.98%)  46/91 (50.55%) >0.05

Implantation rate, n (%)  34/77 (44.16%)  57/141 (40.43%) >0.05

Clinical miscarriage rate, n (%)  3/29 (10.34%)  6/59 (10.19%) >0.05

Biochemical miscarriage rate, n (%)  5/29 (17.24%)  13/59 (22.03%) >0.05

Ectopic pregnancy rate, n (%)  0/29 (0.00%)  0/59 (0.00%) –

Cumulative biochemical pregnancy rate, n (%)  35/49 (71.43%)  64/91 (70.33%) >0.05

Cumulative clinical pregnancy rate, n (%)  30/49 (61.22%)  50/91 (54.95%) >0.05

Cumulative implantation rate, n (%)  42/93 (45.16%)  61/150 (40.67%) >0.05

Cumulative clinical miscarriage rate, n (%)  2/35 (5.71%)  8/64 (12.50%) >0.05

Cumulative biochemical miscarriage rate, n (%)  4/35 (11.43%)  14/64 (21.88%) >0.05

Cumulative ectopic pregnancy rate, n (%)  0/35 (0.00%)  0/64 (0.00%) –

Table 3. Comparison of the clinical outcomes between the receptive and nonreceptive patients.
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Clinical outcome ERA group (n=140) FET group (n=141) P value

Embryos transferred per patient, N  1.56±0.50  1.58±0.50 >0.05

High-quality embryos transferred per patient, N  0.74±0.75  1.01±0.72 >0.05

Biochemical pregnancy rate, n (%)  88/140 (62.86%)  55/141 (39.01%) <0.01

Clinical pregnancy rate, n (%)  70/140 (50.00%)  35/141 (24.82%) <0.01

Implantation rate, n (%)  91/218 (41.7%)  42/223 (18.83%) <0.01

Ectopic pregnancy rate, n (%)  0/88 (0.00%)  0/55 (0.00%) –

Biochemical miscarriage rate, n (%)  18/88 (20.45%)  18/55 (32.73%) >0.05

Clinical miscarriage rate, n (%)  9/88 (10.23)  9/55 (16.36%) >0.05

Cumulative transfers per patient, N  1.13±0.31  1.42±0.70 >0.05

Cumulative embryos transferred per patient, N  1.74±0.50  2.31±0.49 >0.05

Cumulative high-quality embryos transferred per patient, N  0.87±0.76  1.37±0.73 >0.05

Cumulative biochemical pregnancy rate, n (%)  99/140 (70.71%)  68/141 (48.23%) <0.01

Cumulative clinical pregnancy rate, n (%)  80/140 (57.14%)  57/141 (40.43%) <0.01

Cumulative implantation rate, n (%)  102/217 (42.21%)  68/228 (29.82%) <0.01

Cumulative ectopic pregnancy rate, n (%)  0/99 (0.00%)  0/68 (0.00%) –

Cumulative biochemical miscarriage rate, n (%)  18/99 (18.18%)  31/68 (30.88%) <0.01

Cumulative clinical miscarriage rate, n (%)  10/99 (10.10%)  11/68 (16.18%) >0.05

Table 4.  Comparison of the clinical outcomes between the endometrial receptivity analysis (ERA) and conventional frozen embryo 
transfer (FET) groups.

Clinical outcome ERA group (n=140) FET group (n=141) P value

High-quality embryos transferred per patient, N  0.35±0.09  0.73±0.14 >0.05

Biochemical pregnancy rate, n (%)  32/62 (51.61%)  20/59 (33.9%) <0.05

Clinical pregnancy rate, n (%)  22/62 (35.48%)  14/59 (23.73%) >0.05

Implantation rate, n (%)  22/62 (35.48%)  14/59 (23.73%) >0.05

Ectopic pregnancy rate, n (%)  0/32 (0)  0/20 (0) –

Biochemical miscarriage rate, n (%)  10/32 (31.25%)  6/20 (30%) >0.05

Clinical miscarriage rate, n (%)  3/32 (9.38)  7/20 (35%) >0.05

Cumulative high-quality embryos transferred per patient, N  0.44±0.11  0.39±0.14 >0.05

Cumulative biochemical pregnancy rate, n (%)  38/63 (60.32%)  25/54 (46.3%) >0.05

Cumulative clinical pregnancy rate, n (%)  28/63 (57.14%)  21/54 (38.89%) >0.05

Cumulative implantation rate, n (%)  28/63 (57.14%)  21/54 (38.89%) >0.05

Cumulative ectopic pregnancy rate, n (%)  0/38 (0)  0/25 (0) –

Cumulative biochemical miscarriage rate, n (%)  10/38 (26.32%)  4/25 (16%) >0.05

Cumulative clinical miscarriage rate, n (%)  5/38 (13.16%)  6/25 (24%) >0.05

Table 5.  Comparison of the clinical outcomes in patients in the endometrial receptivity analysis (ERA) and conventional frozen embryo 
transfer (FET) groups who transferred a single embryo.
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Previous studies have demonstrated that embryo- and endo-
metrium-related factors are primary causes of RIF [8-10]. A re-
ceptive endometrium is a prerequisite for the successful im-
plantation of embryos [13], and the endometrium is found to 
be most receptive during the WOI [25]. If the WOI is accurate-
ly predicted and pET is performed during the WOI, the implan-
tation rates of transferred embryos may be improved and suc-
cessful pregnancies can be achieved.

There have been numerous attempts to predict the WOI 
through the assessment of endometrial receptivity. Ultrasound 
parameters, such as endometrial thickness, volume, pattern, 
and vascularization, have been employed to evaluate endo-
metrial receptivity; however, none of these parameters alone 
are effective to predict the WOI [26-29]. The endometrial pi-
nopode has been proposed as a potential clinical marker to 
assess endometrial receptivity [30]; nevertheless, pinopodes 
are detectable throughout the luteal phase of the menstrual 
cycle [31], making them inappropriate to determine the time-
frame of endometrial receptivity (WOI) [32]. Detection of se-
rum molecules (integrin, leukemia inhibitory factor, estrogen, 
progesterone and their receptors, calcitonin, matrix metallo-
proteinase) has also been employed as an attempt to correct-
ly identify the endometrial receptive status; however, its poor 
ability to predict clinical pregnancy restricts further applica-
tions of this methodology in clinical practices [33]. Additionally, 
even though several genes that are involved in endometrial 
receptivity have been identified, their diagnostic performance 
and value for clinical practice still remain to be elucidated [34].

Recently, a genomic tool, which consists of a customized ERA 
and a bioinformatic predictor for endometrial dating, was de-
veloped to evaluate endometrial receptivity through the anal-
ysis of the transcriptomic profiles of 248 selected genes. This 
tool has shown a global accuracy of 0.88, sensitivity of 0.90, 
and specificity of 0.97 [35]. Results from a comparative pro-
spective study showed that the concordance of histological 
dating and ERA related to LH, used as reference, was 0.922 
(range of 0.815 to 1.0), the interobserver variability between 
pathologists assessed by the Kappa index was 0.622 (range 
of 0.435 to 0.839), and the reproducibility of the ERA test 
was 100% consistent [17]. In a Japanese study, the pregnan-
cy rate was 35.3% in patients with a receptive endometrium 
and 50% in patients with a nonreceptive endometrium after 
the first personalized embryo transfer was guided by the ERA 
test [19]. In Canada, ERA-guided pET resulted in implantation 
and ongoing pregnancy rates that were higher than those 
obtained without pET (73.7% vs 54.2% and 63.2% vs 41.7%, 
respectively) [13]. Results from a prospective intervention-
al multicenter clinical trial revealed that ERA-guided pET re-
sulted in a 51.7% pregnancy rate and a 33.9% implantation 
rate in RIF patients with a receptive endometrium, and a 50% 
pregnancy rate and a 38.5% implantation rate in those with a 

nonreceptive endometrium [20]. In addition, a recent 5-year 
multicenter open-label randomized controlled trial showed that 
pET guided by ERA achieved higher cumulative pregnancy rates 
(93.6%, 79.7%, and 80.7%, P<0.01), higher live birth rates at 
the first embryo transfer (56.2%, 42.4%, and 45.7%, P>0.05), 
higher cumulative live birth rates after 12 months (71.2%, 
55.4%, and 48.9%, P<0.05), higher pregnancy rates at the 
first embryo transfer (72.5%, 54.3%, and 58.5%, P<0.05), and 
higher implantation rates at the first embryo transfer (57.3%, 
43.2%, and 38.6%, P<0.05) than FET and fresh embryo trans-
fer in infertile patients undergoing IVF, while comparable ob-
stetrical outcomes, types of delivery, and neonatal outcomes 
were seen among these 3 groups [21]. A recent study demon-
strated that, among all patients undergoing ERA, significant-
ly higher implantation rates (87.5% vs 56%, P=0.02) and on-
going pregnancy rates (75% vs 44%, P=0.03) were observed 
in the non-RIF group than in the RIF group [36]. However, the 
effectiveness of ERA for diagnosis of endometrial receptivity 
and its value in pET remain to be investigated in ethnically 
Chinese patients with RIF.

In the present study, 281 patients with RIF were enrolled and 
assigned to the ERA or FET groups, and the baseline demo-
graphics and clinical characteristics were comparable between 
the 2 groups (P>0.05), including age, BMI, AMH in the fresh 
cycle, FSH in the fresh cycle, AFC in the fresh cycle, endome-
trial thickness on the day of embryo transfer, and number of 
attempts of ART treatment. In this study, ERA identified 35% 
of receptive results in the investigated patients, which was 
a lower percentage than that described in previous reports. 
Among 85 patients with RIF recruited from Spanish university-
affiliated infertility and private clinics, ERA came back recep-
tive for 74.1% of the patients [20]. Among 55 patients with a 
history of RIF recruited from 2 Japanese IVF centers, ERA di-
agnosed 76% of patients as receptive [19]. Results from a ret-
rospective observational study involving 248 patients with 
unexplained RIF at an Indian tertiary infertility clinic showed 
that ERA diagnosed receptive endometria in 82.3% (204/248) 
of patients [37]. A recent retrospective review of 97 patients 
with a history of implantation failure showed that ERA diag-
nosed 48.5% of patients with a receptive endometrium [38]. 
The relatively lower rate of receptive endometria in the pres-
ent study may be attributed to the patients’ individual clin-
ical histories. Among the 140 patients who underwent ERA, 
there was a high prevalence of diagnosed fallopian tube dis-
eases, ovarian disorders, and endometriosis, and these disor-
ders of the female reproductive system can result in the de-
tection of a nonreceptive endometrium [39,40]. In a previous 
retrospective observational study that recruited 248 Indian pa-
tients with unexplained RIF, vaginal micronized progesterone 
400 mg twice a day was added if the serum progesterone lev-
el was <0.5 ng/mL, and the ERA test gave an 82.3% receptive 
endometria and 17.7% nonreceptive status, including a 61.4% 
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pre-receptive and 38.6% post-receptive status [37]. Following 
transvaginal administration of micronized progesterone 200 
mg 3 times daily, initial ERA results showed 48.5% receptive, 
47.4% nonreceptive, and 2.01% insufficient endometria [41]. 
During the period from January 2016 to September 2018, 62 
patients were administered intramuscularly 75 mg progester-
one in oil once daily and 44 were administered 400 mg vagi-
nal progesterone twice daily for approximately 5 full days for 
an HRT mock cycle, and the ERA test gave a combined recep-
tivity rate of 71.6% (76/106), with 71.0% (44/62) receptive 
results in the intramuscular administration group and 72.7% 
(32/44) in the vaginal progesterone group; in addition, 27.4% 
(17/62) of patients in the intramuscular administration group 
were found to be pre-receptive and 1.6% (1/62) post-recep-
tive, and 27.3% (12/44) of patients received a pre-receptive 
result in the vaginal progesterone group and no patients had 
a post-receptive result [41]. In that study, all patients were ad-
ministered per vagina 300 mg utrogestan twice daily and oral-
ly administered 20 mg dydrogesterone twice a day in the HRT 
cycle. The variation in the receptive status may be attributed 
to various modes of HRT cycles [41].

In the present study, we observed no significant differences 
between patients with receptive and nonreceptive endome-
tria diagnosed by ERA in terms of pregnancy, implantation, 
or miscarriages (P>0.05), which agreed with previous reports 
[37,38]. Patel et al reported comparable pregnancy rates 
(42.3% vs 31.4%, P=0.53), clinical pregnancy rates (55.4% vs 
37.5%, P=0.35), implantation rates (44% vs 31%, P=0.3), abor-
tion rates (18.6% vs 20%, P=0.93), ongoing pregnancy rates 
(48.5% vs 33.3%, P=0.39), and cumulative pregnancy rates 
(75.2% vs 58.3%, P=0.48) between RIF patients with a recep-
tive ERA result who had a routine embryo transfer and those 
with a nonreceptive ERA result who underwent pET [37]. Cohen 
et al found that the clinical pregnancy rate was 26.7% in pa-
tients diagnosed with a receptive endometrium by ERA and 
22.5% in nonreceptive patients after pET (P=0.66) [38]. In ad-
dition, results from a Japanese retrospective 2-center study 
showed comparable cumulative pregnancy rates (63.2% vs 
66.7%, P=1.0), pregnancy rates (36.8% vs 66.7%, P=0.54), im-
plantation rates (33.3% vs 75%, P=0.14), and miscarriage rates 
(25% vs 0, P=1.0) between receptive and nonreceptive groups 
diagnosed by ERA [19].

Previous studies have shown improvements in pregnancy 
and implantation rates following ERA-guided pET [21,36]. A 
recent multicenter open-label randomized controlled trial re-
ported significantly higher pregnancy rates at the first embryo 
transfer (72.5% vs 54.3%, P=0.01), cumulative pregnancy rates 

(93.6% vs 79.7%, P=0.0005), cumulative live birth rates after 
12 months (71.2% vs 55.4%, P=0.04), and implantation rates 
at first embryo transfer (57.3% vs 43.2%, P=0.03) in the group 
who underwent ERA than in the group who did not have the 
analysis [21]. A retrospective review of Canadian patients be-
tween 2014 and 2017 showed higher implantation (73.7% vs 
54.2%) and ongoing pregnancy rates (63.2% vs 41.7%) in the 
ERA group than in the non-ERA group [36]. Similarly, our find-
ings showed higher pregnancy and implantation rates in the 
ERA group than in the FET group (P<0.01). We observed com-
parable pregnancy outcomes among patients between the ERA 
and FET groups who transferred a single embryo, which may 
be attributed to the relatively small sample size. Recently, re-
sults from a prospective cohort study reported no significant 
differences between ERA and non-ERA groups in terms of live 
birth rate (56.5% vs 55.6%, P=0.89), clinical pregnancy rate 
(67.4% vs 65.4%, P=0.77), biochemical pregnancy rate (15.4% vs 
14.8%, P=0.91), and miscarriage rate (15.2% vs 13.2%, P=0.75), 
suggesting that routine ERA does not improve pregnancy out-
comes among patients undergoing their first autologous sin-
gle euploid programmed embryo transfer [42]. Additionally, 
another recent study reported no evidence of clinical bene-
fits from pET guided by ERA in patients with a history of im-
plantation failure [38]. Since there is a dispute regarding the 
efficacy of ERA for pET among patients with RIF, further mul-
ticenter large-scale prospective randomized clinical trials are 
needed to validate the current evidence of its effectiveness.

The present study has potential limitations. First, this was a 
retrospective analysis, which introduces relatively more bias 
than prospective clinical trials. Second, the study sample was 
relatively small.

Conclusions

In summary, in this study of Chinese women with RIF under-
going IVF and embryo transfer, ERA-guided pET resulted in a 
significant improvement in pregnancy and implantation rates 
when compared with FET. As a novel diagnostic tool, ERA 
proved to be effective in guiding pET and improving the suc-
cess rates of pregnancy in patients with RIF undergoing IVF 
and embryo transfer.
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