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Abstract
Purpose To investigate whether personalized embryo transfer (pET) protocol guided by an endometrial receptivity array 
(ERA) can improve clinical outcomes of assisted reproduction.
Methods We searched PubMed, Embase, Web of Science, and the Cochrane library for studies in which analytical compari-
sons of outcomes of pET and standard embryo transfer (sET) groups were undertaken. The references to the included studies 
were also manually searched. The primary outcome was clinical pregnancy rate (CPR), and the secondary outcomes were 
live birth rate (LBR), human chorionic gonadotropin (HCG) positivity, biochemical pregnancy rate (BPR), miscarriage rate 
(MR), implantation rate (IR), and ongoing pregnancy rate (OPR).
Results Ten studies were included in the meta-analysis, including one randomized controlled trial (RCT) and nine cohort 
studies. We observed no significant difference in the primary outcome of CPR between the pET and sET groups in unse-
lected patients (RR = 1.07; 95% confidence interval [CI], 0.87–1.30; P = 0.53; I2 = 89%). In terms of secondary outcomes, 
we likewise noted no significant differences between the groups. Further subgroup analyses indicated that the pET protocol 
not only significantly reduced the MR for poor-prognosis patients, but it also reduced the CPR in donor cycles, elevated the 
BPR for good-prognosis patients, non-preimplantation genetic testing (PGT), and programmed cycles, and decreased the 
proportion of women showing HCG positivity in non-PGT cycles.
Conclusions This meta-analysis revealed that ERA appears to possess limited guidance in embryo transfer. More high-quality 
RCTs are therefore needed to investigate the clinical validity and feasibility of ERA in the future.
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Introduction

A successful embryo transfer (ET) depends upon the fol-
lowing three factors: an embryo with implantation compe-
tency, an endometrium in a receptive state, and synchronized 
development between the embryo and the endometrium [1]. 
Optimizing ovarian stimulation protocols and developing 
preimplantation genetic testing (PGT) have dramatically 
improved the potential for embryo development [2]. Differ-
ent endometrial preparation protocols can be implemented 

to transform the endometrium into an optimally receptive 
state. Although the aforementioned methods have greatly 
improved the clinical outcomes of ET, some patients still fail 
to become pregnant after transferring high-quality embryos. 
In recent years, investigators have found that the optimal 
endometrial window of implantation (WOI) actually exhib-
its a narrower duration than previously thought, and some 
patients may shift the WOI forward or backward due to indi-
vidual differences or pathological factors [3, 4]. Thus, it is 
essential to evaluate endometrial receptivity (ER) so as to 
improve the efficiency of assisted reproduction.

The methods of evaluating ER are currently classi-
fied into four categories: ultrasonography, endometrial 
biopsy, endometrial fluid aspiration, and hysteroscopy 
[5]. Two-dimensional and three-dimensional ultrasono-
graphic examinations of the endometrium constitute the 
most commonly employed methods in clinical practice, 
but can only provide approximate guidance with respect 

 * Yuanjiao Liang 
 yuanjiao1965@126.com

1 School of Medicine, Southeast University, Nanjing 210009, 
People’s Republic of China

2 Department of Reproductive Medicine, Zhongda Hospital 
Affiliated to Southeast University, 87 Dingjiaqiao Rd, 
Nanjing 210009, People’s Republic of China

http://crossmark.crossref.org/dialog/?doi=10.1007/s10815-022-02710-x&domain=pdf
http://orcid.org/0000-0002-4497-1568


720 Journal of Assisted Reproduction and Genetics (2023) 40:719–734

1 3

to the ET time. ER biomarkers evaluated in endometrial 
fluid aspirates are still under study, with few convincing 
clinical trials showing their effectiveness. Hysteroscopy is 
principally adopted to exclude physical abnormalities of 
the uterus and is rarely used to help determine the time for 
ET [6]. In 2011, however, an endometrial receptivity array 
(ERA) was developed to accurately evaluate the WOI of 
the endometrium [7].

The ERA is a novel method for diagnosing the temporal 
displacement of the WOI and is derived from the develop-
ment of transcriptomics and bioinformatics. By measuring 
the expression of 238 genes from the endometrium with an 
ERA, the endometrium can be classified into receptive (R) 
and non-receptive (NR) categories, with the latter includ-
ing pre-receptive and post-receptive [8]. Although ERAs 
only have limited use in the clinic due to their high cost, 
this novel technique offers hope to some infertile families, 
particularly for patients with a history of recurrent implan-
tation failure (RIF). For patients with RIF, the value of 
ERAs is especially noteworthy due to the reduced numbers 
of embryos with this condition and the increasing costs 
associated with assisted reproduction; and the informa-
tion on WOI derived from ERAs significantly exceeds the 
up-front costs. The current focus of reproductive clinical 
work is to adjust both the embryo and endometrium for 
the best fit, to reduce the number of ET cycles required, 
and to optimize the clinical outcomes to the maximum 
extent possible. ERAs appear to be able to guide the opti-
mal time for ET, but it remains to be seen whether this 
method has any therapeutic advantages. Some studies 
have shown that clinical outcomes in patients undergo-
ing a personalized embryo transfer (pET) protocol are not 
significantly different from those in patients undergoing a 
standard embryo transfer (sET) protocol, and they might 
even be worse [9–11]. In contradistinction, other studies 
have suggested that pET can significantly improve clini-
cal outcomes [12, 13]. Given the small sample sizes and 
conflicting results of these studies, it is difficult to draw 
reliable conclusions. Therefore, in this study, we system-
atically analyzed the clinical outcomes between patients 
who used ERA to guide ET (the pET group) and those who 
did not (the sET group).

Materials and methods

The meta-analysis was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analysis 
(PRISMA) guidelines [14] and was written according to the 
Meta-analysis of Observational Studies in Epidemiology 
(MOOSE) proposal [15]. This study was also registered with 
PROSPERO (CRD 42,022,360,750).

Search strategy

We searched PubMed, Embase, Web of Science, and the 
Cochrane library from inception to September 15, 2022. 
The following terms and Boolean operators were used for 
searching: (“Endometrial Receptivity Array” OR “Endo-
metrial Receptivity Analysis” OR “Endometrial Receptiv-
ity Testing” OR “Personalized Embryo Transfer”) AND 
(“Embryo Transfer” OR “In Vitro Fertilization” OR IVF OR 
“Intracytoplasmic Sperm Injection” OR ICSI OR “Assisted 
Reproduction”). The detailed search strategy is shown in 
Supplementary Table S1. The references to included stud-
ies were also carefully searched by hand, and no language 
restrictions were applied. Articles were screened using Covi-
dence systematic review software (Veritas Health Innova-
tion, Melbourne, Australia).

Eligibility criteria

We focused on randomized clinical trials (RCTs), prospec-
tive cohort studies, and retrospective cohort studies in which 
investigators compared the clinical outcomes of pET proto-
cols with those of sET protocols. The studies we included 
reflected at least one of the following outcomes: clinical 
pregnancy rate (CPR), live birth rate (LBR), human chori-
onic gonadotropin (HCG) positivity, biochemical pregnancy 
rate (BPR), miscarriage rate (MR), implantation rate (IR), 
and ongoing pregnancy rate (OPR). Case reports, conference 
abstracts, and review articles were excluded.

The primary outcome was CPR per cycle, while the sec-
ondary outcomes were LBR per cycle, HCG positivity rate 
per cycle, BPR per pregnancy, MR per pregnancy, IR per 
embryo, and OPR per cycle. Clinical pregnancy was defined 
as the presence of one or more intrauterine gestational sacs 
as confirmed by transvaginal ultrasonography 28 to 35 days 
after frozen embryo transfer (FET); live birth was defined 
as a baby born with spontaneous breathing and heartbeat; 
positive HCG was defined as a positive serum level of beta-
HCG; biochemical pregnancy was defined as a positive HCG 
without a gestational sac visualized upon ultrasonography; 
miscarriage was defined as clinical pregnancy loss; and 
implantation was defined as one or more gestational sacs 
observed on ultrasonography.

Study selection and data extraction

Two reviewers (R.L. and J.W.) independently performed an 
initial screening of the titles and abstracts for eligibility. If 
the title and abstract of an article met the inclusion crite-
ria, we obtained the full text for further evaluation. A third 
senior reviewer (T.S.) resolved any disagreements raised by 
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the previous two authors. If the same group of researchers 
published multiple reports that described outcomes from the 
same sample source, we included the most recent report or 
a complete report in this meta-analysis.

Information such as author, publication year, country of 
study origin, study design, study period, participants’ main 
characteristics, sample size, age, embryo characteristics, 
endometrial preparation protocols, and clinical outcomes 
were recorded by one of the reviewers (Y.L.). The other 
reviewer (X.Z.) evaluated the data to make sure that there 
were no transcription errors. For those studies containing 
questionable data or data without specific previous IFs, we 
attempted to contact the appropriate authors to confirm the 
authenticity of the data or for detailed data. For studies that 
included fresh ET cycles, we only extracted data from FET 
cycles since the pET protocol was principally used for FET.

Quality assessment

The revised Cochrane risk of bias tool (RoB2) [16] and the 
ROBINS-I tool [17] were used to assess the risk of bias 
of the RCTs and non-RCTs, respectively. In addition, we 
assessed the quality of the evidence by adopting the Grading 
of Recommendations Assessment, Development and Evalu-
ation (GRADE) approach [18]. The GRADE criteria include 
risk of bias, indirectness, imprecision, inconsistency, and 
publication bias. Two reviewers (R.L. and J.W.) completed 
the aforementioned quality assessment independently, and 
disagreements were resolved by a third reviewer (Y.L.).

Statistical analysis

We executed the software Review Manager program 5.4 
(Copenhagen: The Nordic Cochrane Center, The Cochrane 
Collaboration, 2014) and Stata Statistical Software (Release 
16, TX, USA) to analyze our data. Effect sizes were 
described by relative risk (RR) and 95% confidence intervals 
(CIs). Owing to the limited quantity and quality of studies 
included in this meta-analysis, we applied a random effects 
model for all outcomes. Heterogeneity was assessed with 
the I-squared statistic (I2), with ≥ 50% indicating substantial 
heterogeneity.

In addition, we performed subgroup analyses to evalu-
ate the outcomes in different patient or embryo subgroups: 
patient prognosis (good-prognosis [0 previous IFs after 
transferring a euploid embryo, or fewer than two IFs after 
transferring non-PGT embryos] and poor-prognosis [one 
or more previous IFs after transferring a euploid embryo, 
or two or more IFs after transferring non-PGT embryos]); 
embryo selection (PGT and non-PGT); the number of 
embryos transferred (single and one or more); oocyte source 
(autologous and donated); and the method of endometrial 
preparation (programmed protocol and unclear or both 

programmed and natural protocols). In order to explore the 
robustness of the results that comprised at least three studies, 
we performed sensitivity analysis using the leave-one-out 
approach. Analysis of publication bias was not conducted 
because the number of included studies for each outcome 
measure was less than 10 in this study. A P-value < 0.05 was 
considered to show statistical significance.

Results

Search results

The detailed selection process of this study is shown 
in Fig.  1, which followed the recommendations of the 
PRISMA statement. A total of 414 articles were identi-
fied through our initial research, of which 203 were dupli-
cates. After accessing titles and abstracts, 37 studies were 
potentially eligible for inclusion. Of these 37 studies, we 
excluded 27 studies after reviewing the full texts: 20 cita-
tions were conference abstracts [19–38], 4 citations were 
ongoing trials with no published data (register numbers: 
NCT03558399, NCT04497558, ChiCTR2100049841, and 
ChiCTR2100049041) [39–42], 1 citation contained a defini-
tion of OPR that was distinct from the conventional defini-
tion since its denominator was the number of embryos trans-
ferred [43], 1 citation [44] reflected a patient source that was 
the same as another eligible study in which more complete 
data were reported [13], and 1 citation showed questionable 
data, with a CPR of 23% (17/72) and IR of 4.1% (3/72), and 
the author could not be contacted via email [45]. Finally, 10 
studies were identified as eligible for inclusion.

Characteristics of the eligible studies

The characteristics of the included studies are shown in 
Table 1. Of the 10 studies, 1 was an RCT [12], 1 was a pro-
spective cohort study [10], and 8 were retrospective cohort 
studies [9, 11, 13, 46–50]. The studies were conducted in 
the USA, Spain, Canada, India, Brazil, China, and Lat-
via between October 2012 and March 2021. Data on the 
outcome of CPR were reported in eight studies [9–11, 13, 
47–50], LBR in six [9–12, 47, 50], HCG positivity in seven 
[9–13, 47, 48], BPR in five [10–13, 48], MR in seven [9–13, 
48, 50], IR in three [12, 13, 49], and OPR was reported in 
two articles [11, 46]. Since the IR in single embryo transfer 
cycles is equal to the CPR, two studies were also included 
in the meta-analysis of IR [10, 47].

Two studies were conducted on good-prognosis patients 
[10, 11], four studies on poor-prognosis patients [13, 48–50], 
and the other four studies comprised both good- and poor-
prognosis patients. We also contacted the authors of two 
papers that reported clinical outcomes but did not provide 
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detailed data concerning the number of IFs for subgroup 
analysis; no authors responded [9, 47]. Four of the included 
studies only used autologous embryos for FET [9, 10, 47, 
50], one RCT included autologous embryos in the per-pro-
tocol analysis set [12], and two studies individually reported 
autologous and donor cycles [11, 49]; however, the oocyte 

source was unclear in the remaining studies. In two stud-
ies, the authors only analyzed outcomes of cycles with 
euploid embryos [10, 47], one study only performed PGT 
for autologous embryos [49], in one study, FET cycles with-
out PGT for embryo aneuploidy were analyzed [50], and the 
remaining studies included unspecified embryos. Most of the 

Fig. 1  Flow diagram of study selection process
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included reports (n = 8) were of cycles with transferred blas-
tocysts, while two comprised the transfer of both cleavage-
stage and blastocyst embryos [11, 12]. Patients in six studies 
underwent programmed FET with or without prior downreg-
ulation with gonadotropin-releasing hormone (GnRH) ago-
nists [10–12, 47, 49, 50], patients in two studies used either a 
natural or programmed protocol for endometrial preparation 
[9, 46], and no relevant information reported in the remain-
ing studies [13, 48]. Furthermore, two studies analyzed FET 
cycles in which a single embryo was transferred [10, 47], 
whereas the remaining publications consisted of cycles in 
which one or more embryos were transferred, or in which 
the number of transferred embryos was unclear.

Outcomes

CPR

A total of eight studies reported CPR including 1666 cycles 
in the pET group and 6011 cycles in the sET group [9–11, 
13, 47–50]. There was no significant difference in CPR 
between the pET and sET groups, with values of 46.4% and 
51.9% (RR = 1.07; 95% CI, 0.87–1.30; P = 0.53; I2 = 89%; 
Fig. 2). The quality of evidence was “VERY LOW” accord-
ing to GRADE (Supplementary Table S2).

When we conducted a subgroup analysis of the prognosis 
of patients, we noted no differences in the CPR between 
the pET and sET groups in patients with a poor prognosis 
(4 studies: n = 1297 cycles; RR = 1.30; 95% CI, 0.78–2.18; 
P = 0.32; I2 = 91%; with very low quality of evidence), 
or those exhibiting a good prognosis (2 studies: n = 3303 
cycles; RR = 0.87; 95% CI, 0.64–1.20; P = 0.40; I2 = 87%; 
with very low quality of evidence) (Supplementary Fig. S1a; 
Table S2).

A subgroup analysis of the ploidy status of the embryos 
indicated that the CPR of the pET group was similar to that 
of the sET group, regardless of whether or not the embryos 

were screened for euploidy (PGT, 5 studies: n = 4218 cycles; 
RR = 0.92; 95% CI, 0.83–1.03; P = 0.15; I2 = 33%; with 
very low quality of evidence; non-PGT, 4 studies: n = 2692 
cycles; RR = 0.91; 95% CI, 0.51–1.63; P = 0.75; I2 = 91%; 
with very low quality of evidence; Supplementary Fig. S1b; 
Table S2).

The number of embryos transferred did not affect the 
CPR between the two groups (single embryo, 3 studies: 
n = 2940 cycles; RR = 0.96; 95% CI, 0.87–1.05; P = 0.36; 
I2 = 43%; with very low quality of evidence; one or more 
embryos or unclear, 6 studies: n = 4737 cycles; RR = 0.93; 
95% CI, 0.85–1.00; P = 0.06; I2 = 92% with very low quality 
of evidence; Supplementary Fig. S1c; Table S2).

With respect to autologous FET cycles, we observed 
no differences in the CPRs (6 studies: n = 5995 cycles; 
RR = 1.01; 95% CI, 0.84–1.21; P = 0.11; I2 = 82%; with very 
low quality of evidence). However, the sET protocol was 
associated with an increased CPR compared with the pET 
protocol in donor FET cycles (2 studies: n = 1148 cycles; 
RR = 0.68; 95% CI, 0.49–0.94; P = 0.02; I2 = 46%; with low 
quality of evidence; Supplementary Fig. S1d; Table S2).

We also performed a subgroup analysis concerning the 
methods of endometrial preparation. No differences were 
noted between the pET and sET groups when programmed 
protocols (5 studies: n = 6657 cycles; RR = 0.97; 95% CI, 
0.76–1.23; P = 0.79; I2 = 89%; with very low quality of evi-
dence) and unclear or both programmed and natural protocol 
(3 studies: n = 1020 cycles; RR = 1.27; 95% CI, 0.86–1.86; 
P = 0.22; I2 = 87%; with low quality of evidence; Supple-
mentary Fig. S1e; Table S2) were administered to prepare 
endometrium.

LBR

A meta-analysis of six studies that encompassed 6982 
cycles in which LBR was reported showed no significant 
difference between the pET and sET groups, with values of 

Fig. 2  Forest plots comparing clinical pregnancy rate after personalized versus standard frozen-thawed embryo transfer
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36.9% and 43.0% (RR = 1.08; 95% CI, 0.83–1.41; P = 0.58; 
I2 = 90%; with very low quality of evidence; Fig. 3a; Sup-
plementary Table S3) [9–12, 47, 50].

When we analyzed LBR in each subgroup according 
to patient prognosis, the ploidy status of embryos, the 
number of embryos transferred, oocyte source, and endo-
metrial preparation protocols, we noted no significant 

difference in LBR between the two groups (Supplemen-
tary Fig. S2).

HCG positivity rate

A total of 7 studies revealed data on outcomes with respect 
to HCG positivity in 7086 cycles [9–13, 47, 48], and our 

Fig. 3  Forest plots comparing outcomes after personalized versus standard frozen-thawed embryo transfer a live birth rate, b HCG positivity 
rate, c miscarriage rate
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analysis showed that the proportion of women showing HCG 
positivity in the pET group was similar to that for the sET 
group, with values of 60.1% vs. 62.9% (RR = 1.04; 95% CI, 
0.91–1.20; P = 0.56; I2 = 85%; with very low quality of evi-
dence; Fig. 3b; Supplementary Table S3).

Subgroup analysis in patients without PGT demonstrated 
a significant difference between the pET and sET groups 
(2 studies: n = 2072 cycles; RR = 0.83; 95% CI, 0.74–0.93; 
P = 0.001; I2 = 0%; Supplementary Fig. S3b). We discerned 
no significant difference between the two groups in the sub-
group analyses concerning patient prognosis, the number of 
embryos transferred, oocyte source, or methods of endome-
trial preparation (Supplementary Figs. S3a, S3c–S3e).

MR

A meta-analysis of 7 studies comprising 2738 cycles in 
which MR was assessed indicated no significant difference 
between the pET and sET groups, with values of 16.3% and 
16.4% (RR = 0.92; 95% CI, 0.61–1.38; P = 0.68; I2 = 61%; 
with low quality of evidence; Fig.  3c; Supplementary 
Table S3) [9–13, 48, 50].

A diminution in the MR favoring the pET group was 
observed for poor-prognosis patients (3 studies: n = 416 
cycles; RR = 0.53; 95% CI, 0.35–0.82; P = 0.004; I2 = 1%; 
Supplementary Fig. S4a). The risk regarding the MR was 
similar between the two groups in the subgroup analyses 
according to embryonic ploidy status, as were the number 
of embryos transferred, the oocyte source, and endometrial 
preparation protocols (Supplementary Figs. S4b–S4e).

BPR

Five studies that comprised 2262 cycles were pooled in this 
meta-analysis, and we observed no difference in the BPR 
between the pET and sET groups, with values of 17.2% 
and 16.7%, respectively (RR = 0.82; 95% CI, 0.48–1.41; 
P = 0.47; I2 = 68%; with a very low quality of evidence; 
Fig. 4a; Supplementary Table S3) [10–13, 48].

Subgroup analyses indicated that the pET protocol 
increased the BPR for patients with a good prognosis (2 
studies: n = 1859 cycles; RR = 1.31; 95% CI, 1.03–1.67; 
P = 0.03; I2 = 0%; Supplementary Fig. S5a) or without PGT 
(2 studies: n = 1104 cycles; RR = 1.39; 95% CI, 1.04–1.85; 
P = 0.03; I2 = 0%; Supplementary Fig. S5b). An increase in 
BPR for patients who underwent programmed cycles was 
also observed (3 studies: n = 1967 cycles; RR = 1.29; 95% 
CI, 1.02–1.64; P = 0.03; I2 = 0%; Supplementary Fig. S5e). 
No significant difference was uncovered between the two 
groups in the subgroup analyses concerning the number 
of embryos transferred or oocyte source (Supplementary 
Figs. S5c, S5d).

IR

In 5 studies consisting of 3930 embryos, the authors evalu-
ated the IRs [10, 12, 13, 47, 49] and noted no differences 
between the pET and sET groups, with values of 52.5% 
and 55.6% (RR = 1.12; 95% CI, 0.83–1.51; P = 0.47; 
I2 = 90%; with very low quality of evidence; Fig. 4b; Sup-
plementary Table S3).

Subgroup analyses concerning patient prognosis, the 
ploidy status of embryos, the number of embryos trans-
ferred, oocyte source, and programmed FET cycles 
showed no significant difference between the two groups 
(Supplementary Fig. S6).

OPR

In 2 studies encompassing 3619 cycles that provided data 
on the OPR [11, 46], the investigators did not discern any 
difference between the pET and sET groups (RR = 0.84; 
95% CI, 0.52–1.35; P = 0.73; I2 = 80%; with very low qual-
ity of evidence; Fig. 4c).

Risk of bias and quality of the evidence

Of the nine non-RCTs, one study showed a critical risk of 
bias related to confounding factors, unbalanced co-inter-
vention, and incomplete data [46]; four studies showed a 
serious risk of bias related to confounding factors [10, 13, 
47, 48]; and the remaining four studies showed a moderate 
risk (Supplementary Table S4). One RCT also exhibited 
a moderate risk of bias [12] (Supplementary Table S5).

Based on the GRADE approach, we evaluated the qual-
ity of the evidence for each outcome. Since there was only 
one RCT, we upgraded or downgraded the study level 
according to the baseline score for the observational study 
criteria. The results of the outcome of CPR and its sub-
analysis were all rated a score of “VERY LOW” accord-
ing to the GRADE criteria, except for the subgroup of 
donor cycles that received a score of “LOW” (Supple-
mentary Table S2). The results of the secondary outcomes 
were “VERY LOW” according to GRADE, except for the 
MR that achieved a score of “LOW” (Supplementary 
Table S3). The factors that led to study degradation were 
the risk of bias and inconsistency.

Sensitivity analysis

The sensitivity analyses for the primary and secondary out-
comes showed that the pooled results culminating from our 
meta-analysis were robust (Supplementary Fig. S7).
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Discussion

In this meta-analysis, we evaluated the clinical effects of 
an ERA in FET cycles and ascertained that the ERA did 
not significantly improve the clinical outcomes in IVF/ICSI 
cycles, including the CPR, LBR, the rate of HCG positivity, 
MR, BPR, IR, and OPR. However, in the analyses of sub-
groups, we found that the pET protocol significantly reduced 
the MR for poor-prognosis patients, and also that it led to a 
decrease in the CPR for patients using donated oocytes, an 
increase in the BPR for good-prognosis, non-PGT, and the 
programmed protocol-implemented patients, and a decrease 
in the rate of HCG positivity in non-PGT patients.

Using an ERA has recently become one of the alterna-
tive methods for solving the intractable problem of RIF in 
many reproductive centers, and while its application has 
been continuously promoted worldwide in the last 10 years, 
it also manifests the same disadvantages as PGT—includ-
ing high cost, time, and equivocal effectiveness. To more 
fully evaluate the applicative value of ERA and to provide 
better treatment guidance for patients, it is important to 
conduct high-quality research on this technology. While the 
latest published meta-analysis showed that approximately 
one-third of infertile women experienced a displacement in 
their WOI and a pooled analysis of three studies suggested 
that the OPR/LBR of patients with a good prognosis did 

Fig. 4  Forest plots comparing outcomes after personalized versus standard frozen-thawed embryo transfer a biochemical pregnancy rate, b 
implantation rate, c ongoing pregnancy rate
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not benefit from ERA, the study also only analyzed a few 
studies, undertook no subgroup analysis, and only focused 
on comparing the OPR/LBR outcome between the ERA and 
non-ERA groups [51]. The primary purpose of this study, 
then, was to investigate whether ERA-guided ET could pro-
vide improved clinical outcomes after FET compared with 
standard ET protocols. This meta-analysis is the first-ever 
to comprise an amalgamation of the evidence of published 
studies that involved a relationship between all clinical out-
comes in patients using an ERA and those without an ERA.

Multiple studies have revealed that the WOI displace-
ment rate among patients with RIF was numerically higher 
than that among patients without RIF [52–54]. In 2013, 
Ruiz-Alonso et al. not only reported that patients with RIF 
had a higher WOI displacement rate but also introduced the 
concept of pET for the first time [52]. In 2014, the same 
team published a conference abstract that indicated that the 
IR (13% [12/90] vs. 45% [161/355]), pregnancy rate (23% 
[12/52] vs. 60% [123/205]), and OPR (0% [0/12] vs. 74% 
[91/123]) for their NR group with a standard transfer time 
were significantly lower than those for their R group, respec-
tively [55]. These results suggested that pET was necessary 
for patients with an NR endometrium, and the authors’ 
meta-analyses revealed that the CPR and OPR/LBR of the 
pET group with an NR endometrium were similar to that 
of standard ET with an R endometrium [51]. We therefore 
conducted subgroup analyses concerning patient prognosis 
to reduce the influence of interference on clinical outcomes.

However, recent studies showed that using ERA to guide 
ET did not appear to significantly improve clinical outcomes 
in RIF patients. A study by Bergin et al. revealed that the 
LBR of the ERA group was not significantly higher than 
that of the control group with respect to both unselected 
patients (49.62% [66/133] vs. 54.96 [194/353], respectively; 
P = 0.292) and patients with ≥ 3 prior ETs (42.22% [19/45] 
vs. 44.17% [53/120], respectively) [9]. In contrast, some 
research findings supported the use of an ERA in RIF stud-
ies [13]. With the present meta-analysis, we demonstrated 
that an ERA did not improve clinical outcomes significantly 
for poor-prognosis patients, other than a statistical reduction 
in the MR.

Furthermore, the ERA was not conducive to a positive 
clinical outcome in patients with a favorable prognosis, and 
it may even have exerted a negative impact on clinical out-
comes [10, 11, 46]. In our meta-analysis, we determined 
that there was no significant improvement in the CPR, LBR, 
positive HCG incidence, MR, or IR in patients with a good 
prognosis who underwent a pET protocol; and that pET may 
even increase the BPR for these patients.

Several studies have shown that the number of embryos 
transferred, use of donor vs. autologous embryos, methods 
of endometrial preparation, and whether PGT was used to 
screen embryos were related to clinical outcomes [56–59]. 

In this meta-analysis, the aforementioned four confound-
ing factors that affected clinical outcomes were present, so 
relevant subgroup analyses based on the four factors were 
implemented. Our results suggested that pET may lead to 
a drop in the CPR for donor cycles, and can also lead to a 
reduction in the rate of HCG positivity and an elevation in 
the BPR rate in the non-PGT cycles. We noted that both 
blastocysts and cleavage-stage embryos were transferred 
in some studies, but no relevant subgroup analysis was 
performed due to the small number of studies involved [11, 
12]. Embryonic implantation is a rigorous process, and in 
theory, once issues with embryonic quality are resolved 
by PGT, the issue of WOI displacement will be exposed 
to a greater extent and the advantages of pET will become 
evident. However, our results indicated that the CPR of 
euploid ET with the pET protocol was similar to that of 
the control group, and this phenomenon suggested that 
the WOI may be wider than that indicated by the ERA 
results which is consistent with previous studies that have 
shown the flexibility of the WOI lasting 1–3 days [60, 
61]. Whether the results depicted above were caused by 
the interference of confounding factors or related to other 
unknown factors still requires further exploration.

The strength of this analysis was the inclusion of all 
studies involving ERAs in which the investigators reported 
clinical outcomes from more than 5000 patients, compre-
hensively analyzed the impact of the pET protocol on each 
outcome, and conducted multiple subgroup analyses that 
adjusted for potential confounding factors. We also note 
several limitations to this meta-analysis. First, the score 
for most clinical outcomes was “VERY LOW” according 
to the GRADE approach, and a few were rated as “LOW.” 
The principal reason for the low scores was the obser-
vational nature of the majority of the included studies, 
reducing the value of the present study. In addition, the 
substantial inter-study heterogeneity potentially caused 
by patient prognosis and embryo characteristics led to a 
deterioration of research quality. Second, while multiple 
subgroup analyses were adopted, subgroup analysis at each 
timepoint only eliminated the influence of one confound-
ing factor on the clinical outcomes, and thus the results 
were still hampered by other confounding factors. Third, 
we were unable to exploit subgroup analyses for some 
indices such as cleavage-stage embryos and blastocysts 
due to the limited number of studies. Finally, since the cost 
of ERA was high, patients who chose to perform ERA may 
be older and had fewer retrieved oocytes or transplantable 
embryos. The use of unmatched data from most non-RCTs 
included in this meta-analysis would expose the analyses 
to some potentially important confounding factors and lead 
to results that favor the control group. This necessitates the 
careful consideration of our current results.
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Conclusion

In summary, this study revealed comparable clinical 
outcomes after FET between the pET and sET groups. 
Evidence from our pooled results suggested that the use 
of ERA did not significantly increase the success rate of 
ET for unselected patients. Also in the subgroup analy-
sis, our results suggested that ERA use reduced the MR 
of poor-prognosis patients, adversely affected the CPR 
of donor cycles and the rate of HCG positivity of non-
PGT cycles, and led to an increase in the BPR in non-PGT 
patients, good-prognosis patients, and patients who under-
went programmed FET protocol. Although these results 
showed that using an ERA might be an overtreatment and 
a potential waste of medical resources for patients, the 
aforementioned results should nonetheless be considered 
with caution considering the “VERY LOW” or “LOW” 
score observed for each outcome. In the future, more high-
quality RCTs are therefore needed to investigate the clini-
cal validity and feasibility of ERAs.
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