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Abstract
Purpose  This study evaluates the efficacy of intrauterine hCG perfusion for RIF, as defined by ESHRE 2023 guidelines, 
highlighting hCG as a cost-effective alternative to other immunotherapies, especially suitable for less developed 
regions. It aims to clarify treatment guidance amidst previous inconsistencies.

Methods  This meta-analysis, registered with PROSPERO (CRD42024443241) and adhering to PRISMA guidelines, 
assessed the efficacy and safety of intrauterine hCG perfusion in enhancing implantation and pregnancy outcomes 
in RIF. Comprehensive literature searches were conducted through December 2023 in major databases including 
PubMed, Web of Science, Embase, the Cochrane Library, and key Chinese databases, without language restrictions. 
Inclusion and exclusion criteria were strictly aligned with the 2023 ESHRE recommendations, with exclusions for 
studies lacking robust control, clear outcomes, or adequate data integrity. The risk of bias was evaluated using the 
Newcastle-Ottawa Scale, ROBINS-I, and RoB2 tools. Data analysis was performed in R using the ‘meta’ package, 
employing both fixed and random effect models to account for study variability. Subgroup analyses by dosage, 
volume, hCG concentration, timing of administration, and type of embryo transfer were conducted to deepen 
insights, enhancing the reliability and depth of the meta-analysis in elucidating the role of hCG perfusion in RIF 
treatments.

Results  Data from 13 studies, comprising six retrospective and six prospective studies from single centers, along 
with one multi-center RCT, totaling 2,157 participants, were synthesized to evaluate the effectiveness of intrauterine 
hCG perfusion in enhancing implantation and pregnancy outcomes in patients with RIF. Significant improvements 
were observed in clinical pregnancy and embryo implantation rates across various dosages, timing of administration, 
and embryo developmental stages, without impacting miscarriage rates. Notably, the most significant efficacy within 
subgroups occurred with a 500 IU dosage and perfusion parameters of ≤ 500µL volume and ≥ 2 IU/µL concentration. 
Additionally, a limited number of studies showed no significant increases in ectopic pregnancy or multiple pregnancy 
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Introduction
Recurrent Implantation Failure presents a significant 
challenge in the realm of ART, affecting up to 10% of 
individuals undergoing IVF [1]. Traditionally, RIF has 
been defined as the repeated transfer of good-quality 
embryos into a healthy uterus without achieving success-
ful implantation and pregnancy. This definition, however, 
has lacked uniformity across the field, leading to vari-
ances in clinical approaches and research methodologies. 
It wasn’t until the ESHRE’s 2023 Recurrent Implantation 
Failure practice recommendations that a more standard-
ized definition emerged [2]. ESHRE now defines RIF as 
the failure to achieve clinical pregnancy after at least 
three embryo transfers of good quality, particularly in 
younger patients. This pivotal development in defining 
RIF has profound implications for the diagnosis, treat-
ment, and research of this condition in the field of repro-
ductive medicine.

The complexity of RIF stems from its multifactorial 
nature, with contributing factors ranging from embry-
onic quality and endometrial receptivity to maternal 
immune system issues and uterine abnormalities [3–6]. 
Despite advancements in ART, the precise mechanisms 
and optimal treatments for RIF remain areas of active 
investigation. This ongoing quest for understanding and 
effective interventions brings us to the exploration of 
innovative treatments, among which is the role of hCG in 
the implantation process [7].

Garnering significant interest in the scientific com-
munity, the potential use of hCG in intrauterine perfu-
sion treatments for RIF represents a promising avenue 
[8]. This approach is rooted in the hormone’s ability to 
modulate key factors involved in implantation, such as 
endometrial matrix-metalloproteinases, growth factors, 
and cytokines [9–11]. Importantly, compared to other 
immunotherapies, hCG treatment stands out for its 
lower cost, making it particularly appealing for broader 
application in economically less developed regions. How-
ever, the path to clarity is not straightforward. Studies 
investigating the effectiveness of intrauterine hCG injec-
tion prior to embryo transfer have produced inconsistent 
results [12, 13]. This inconsistency has sparked a series of 

meta-analyses aimed at providing a more comprehensive 
understanding of hCG’s impact on IVF/ICSI outcomes.

In response to these inconsistencies and the evolving 
understanding of RIF, we conducted a comprehensive 
meta-analysis that aligns with the ESHRE’s 2023 guide-
lines. Our study meticulously includes studies conform-
ing to the ESHRE’s more stringent definition of RIF, 
ensuring a higher degree of homogeneity and enhancing 
the validity of our findings. Specifically, we focus on eval-
uating the clinical benefits of intrauterine hCG perfusion 
in patients with RIF as defined by the ESHRE’s criteria.

This research represents a significant step in addressing 
the nuances of RIF treatment, aiming to provide clearer 
guidance for clinicians and improve the success rates of 
ART procedures. By aligning our analysis with the latest 
ESHRE recommendations, we aim to offer a more accu-
rate assessment of the efficacy of hCG intrauterine perfu-
sion in treating RIF, contributing to the optimization of 
treatment strategies for couples facing the challenges of 
RIF.

Methods
Search strategy
This meta-analysis, adhering to the PRISMA guidelines, 
was meticulously planned and executed. It has been reg-
istered with PROSPERO under the registration number 
CRD42024443241, ensuring its methodological rigor is 
transparent and adheres to international standards. Our 
comprehensive literature search spanned several major 
databases, including PubMed, MEDLINE, Embase, the 
Cochrane Library, and Web of Science, as well as key 
Chinese databases such as CNKI, Wanfang, and Weipu 
Database, concluding in December 2023. This approach 
ensured a broad and inclusive capture of relevant studies 
for analysis.

A detailed and extensive search strategy was imple-
mented, using a combination of MeSH and a wide range 
of free-text term variants. The primary terms “human 
chorionic gonadotropin”, “recurrent implantation failure” 
and “intrauterine perfusion” were employed alongside 
numerous variants to ensure the capture of all relevant 
literature. This approach was instrumental in identifying 

rates, and a modest improvement in live birth rates, although the small number of these studies precludes definitive 
conclusions.

Conclusions  The analysis suggests that intrauterine hCG perfusion probably enhances embryo implantation, clinical 
pregnancy, and live birth rates slightly in RIF patients. Benefits are indicated with a dosage of 500 IU and a maximum 
volume of 500µL at concentrations of at least 2 IU/µL. However, substantial heterogeneity from varying study types 
and the limited number of studies necessitate cautious interpretation. These findings underscore the need for more 
rigorously designed RCTs to definitively assess the efficacy and safety.

Keywords  Human chorionic gonadotropin, Recurrent implantation failure, Assisted reproductive technology, 
Embryo implantation, Clinical pregnancy rate
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a comprehensive array of studies encompassing various 
aspects of the research topic.

Additional search terms were incorporated to cover 
areas related to fertility treatments and outcomes, includ-
ing “embryo transfer”, “fertility”, “infertility”, “assisted 
reproductive technology”, “pregnancy”, “miscarriage”, 
“implantation”, “intracytoplasmic sperm injection” and 
“in vitro fertilization”.

The search strategy was not confined by language or 
study design, aiming to include both retrospective and 
prospective studies as well as RCTs. This inclusive and 
broad approach was designed to gather a complete pic-
ture of the research landscape regarding the efficacy of 
intrauterine human chorionic gonadotropin perfusion in 
recurrent implantation failure. The manual review of ref-
erence lists from identified articles further expanded the 
search, ensuring no significant study was overlooked.

Inclusion and exclusion criteria
A stringent set of inclusion and exclusion criteria was 
established, aligning with the 2023 ESHRE recommenda-
tions. The study focused on cases where RIF was defined 
as at least three failed implantations with high-quality 
embryos.

Exclusion criteria were carefully defined to ensure the 
scientific rigor of the studies included in this review. 
We excluded studies lacking a proper control group, 
such as those without a placebo or an appropriate com-
parator. Additionally, studies were omitted if they did 
not report clear primary outcomes or failed to demon-
strate sufficient data integrity. For RCTs and prospec-
tive cohort studies, we specifically excluded those with 
inadequate randomization and blinding. In contrast, for 
retrospective studies, we focused on the appropriate-
ness of study design and execution given their inher-
ent methodological limitations. This selective approach 
ensured that only high-quality research was included 
across all study designs. To maintain publication qual-
ity, unpublished manuscripts and non-peer-reviewed 
articles were excluded. Furthermore, we eliminated stud-
ies with overlapping datasets to avoid redundancy and 
ensure the uniqueness of each study’s contribution to the 
meta-analysis.

Data extraction
Data extraction was meticulously conducted to ensure 
accuracy and reliability in the meta-analysis. This pro-
cess was carried out independently by two research-
ers, providing a dual-layer of scrutiny to each data point 
extracted from the included studies. Following their 
independent extractions, the data was cross-verified 
by a third party, Luo Xi, to further ensure precision and 
consistency.

In instances where discrepancies arose between the two 
primary extractors, the conflicts were resolved through a 
collaborative discussion involving all three individuals. 
This approach not only ensured consensus but also main-
tained the integrity of the data extraction process.

To assess the risk of methodology bias within the ret-
rospective studies, the Newcastle-Ottawa Scale was 
employed [14]. This scale provided a systematic method 
to evaluate the quality of non-randomized studies, partic-
ularly in terms of selection, comparability, and exposure 
or outcome assessment. Utilizing the NOS scale con-
tributed to a comprehensive and nuanced understand-
ing of the potential biases in the studies included in this 
meta-analysis. Additionally, we employed the GRADE 
approach to assess the risk of publication bias, ensuring 
a robust evaluation of the evidence’s overall quality. For 
non-randomized control studies, the ROBINS-I tool was 
used to assess the risk of bias, providing further depth 
to our methodological scrutiny [15]. For RCTs and pro-
spective studies, the RoB2 tool was applied, enabling a 
detailed and structured assessment of biases related to 
the randomization process, deviations from intended 
interventions, missing outcome data, measurement of 
the outcome, and selection of the reported result [16]. 
These combined tools ensured a thorough assessment of 
potential biases across different types of studies included 
in our meta-analysis.

Furthermore, traffic light plots were used to visu-
ally represent the bias assessments conducted using 
the ROBINS-I and RoB2 tools. To evaluate publication 
bias, funnel plots were employed to visually analyze the 
implantation rates, clinical pregnancy rates, and miscar-
riage rates, and the Egger test was conducted to examine 
the data.

Primary outcomes
In assessing the efficacy of intrauterine hCG perfusion 
for recurrent implantation failure, a comprehensive set 
of outcomes was meticulously calculated to evaluate 
both immediate and sustained effects of the treatment. 
The implantation rate was derived by dividing the num-
ber of ultrasound-confirmed gestational sacs by the total 
number of embryos transferred. Similarly, the clinical 
pregnancy rate was calculated as the ratio of confirmed 
clinical pregnancies to the total embryo transfer cycles. 
The miscarriage rate, indicating early pregnancy losses of 
gestation, was computed as a proportion of the clinical 
pregnancies.

Secondary outcomes, reflecting broader reproductive 
outcomes and treatment implications, included the mul-
tiple pregnancy rate and ectopic pregnancy rate, both of 
which were calculated relative to the number of clinical 
pregnancies. The multiple pregnancy rate quantified the 
incidence of multi-fetal gestations, whereas the ectopic 
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pregnancy rate measured pregnancies occurring outside 
the uterine cavity. Further, the ongoing pregnancy rate 
and live birth rate were assessed relative to the embryo 
transfer cycles, capturing the progression of pregnan-
cies beyond the early stages and the culmination in live 
births, respectively.

These metrics collectively enable a nuanced analysis 
of the treatment’s success, addressing both immediate 
implantation outcomes and longer-term reproductive 
health impacts.

Subgroup analysis
To enhance our understanding of the factors influenc-
ing the effectiveness of intrauterine hCG perfusion in 
recurrent implantation failure, we conducted a thor-
ough subgroup analysis of various treatment protocols. 
This analysis meticulously assessed how differences in 
dosage, volume, and concentration of hCG might affect 
treatment outcomes. Specifically, we focused on the tim-
ing of hCG instillation, categorizing it into three key time 
points—three days before ET, one day before ET, and 
on the day of ET itself. This stratification was crucial for 
identifying the most effective timing for hCG administra-
tion to potentially enhance implantation rates and overall 
pregnancy outcomes.

In addition to timing, our analysis extended to the 
type of embryo transfer, contrasting fresh versus FET, 
given their differing physiological impacts on treat-
ment success. We also scrutinized the variations in con-
trol group types utilized in the studies, distinguishing 
between blank controls, where no treatment was admin-
istered, and placebo controls, which involved the use 
of a substance with no therapeutic effect. This rigorous 
evaluation of control groups was essential to ensure the 
robustness of our findings and provide a clear picture of 
the treatment’s efficacy.

Moreover, we analyzed the developmental stages of the 
embryos transferred, differentiating between cleavage-
stage embryos and blastocysts. This detailed subgroup 
analysis, however, was limited by a small number of 
crossover studies, which restricted our ability to explore 
these differences more profoundly. Nevertheless, the 
insights gained from these analyses have enabled us to 
provide targeted recommendations on the optimal proto-
cols and characteristics that influence the success of hCG 
perfusion, thereby enhancing our comprehensive under-
standing of its efficacy in various clinical scenarios. This 
approach helps in tailoring treatment protocols to maxi-
mize clinical outcomes and offers a refined perspective 
on the nuanced variables impacting the success of treat-
ment in cases of recurrent implantation failure.

Statistical analysis
The statistical processing and analysis were carried out 
using R software, version 4.2.3. Central to this analysis 
was the utilization of the ‘meta’ package, a comprehensive 
tool within R specifically designed for conducting and 
facilitating meta-analyses [17]. This package was chosen 
for its specialized functions that are adept at handling, 
summarizing, and interpreting the pooled data from var-
ious studies, making it a crucial component in our ana-
lytical framework. Additionally, we employed the ‘robvis’ 
package for assessing the risk of bias using the ROBINS-I 
and RoB2 tools [18], which allowed for a structured visu-
alization of bias across the included studies.

The analysis incorporated both the fixed effect model 
and the random effect model. The fixed effect model 
was applied under the assumption of homogeneity 
among study results, providing an estimate of a single 
shared effect size. In contrast, the random effect model 
was employed to account for potential variability across 
studies. This model is particularly valuable in meta-anal-
yses where heterogeneity is expected in study designs, 
populations, or interventions. The dual application of 
these models enabled a robust assessment of the data, 
accommodating various study characteristics and ensur-
ing a comprehensive understanding of the aggregated 
outcomes.

Results
Study characteristics
Our initial search across multiple platforms yielded 1,370 
English-language publications and 84 Chinese-language 
publications. After an initial screening of titles and 
abstracts, we retained 57 articles. Following an additional 
evaluation of existing literature reviews, we incorporated 
an extra 14 articles for full-text assessment.

The exclusion criteria applied to these 71 articles were 
as follows: lack of a reliable control (n = 1), incomplete 
data sets (n = 3), studies not addressing recurrent implan-
tation failure (RIF) (n = 28), non-clinical studies (n = 2), 
definitions of RIF involving fewer than three cycles 
(n = 6), and studies lacking a clear definition of RIF (n = 4). 
After applying these criteria, 13 studies remained for 
inclusion in our meta-analysis. The selection process is 
visually detailed in Fig. 1, with our comprehensive search 
strategy outlined in the Appendix.

Of the final 13 studies included in the meta-analysis 
[19–31], 3 were in English and 10 in Chinese. The pre-
dominance of Chinese studies can be attributed to a 
significant development within the field driven by a con-
sensus published in 2018 by Chinese societies for medical 
genetics and reproductive medicine, among other physi-
cian associations [32]. This consensus set forth guidelines 
that required at least three embryo transfer (ET) attempts 
with four embryos transferred each time, including at 
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least one high-quality embryo, without achieving a clini-
cal pregnancy. These guidelines became the standard 
for most intrauterine hCG perfusion trials conducted in 
China, ensuring that the studies adhere to contemporary 
clinical standards and aligning perfectly with our inclu-
sion criteria for the meta-analysis. The high number of 

Chinese studies reflects the national commitment to 
advancing reproductive medicine practices in accordance 
with these expert guidelines.

The main characteristics of the studies included in our 
meta-analysis are methodically divided into two tables 
for detailed presentation. Table 1 provides a foundational 

Fig. 1  Flow chart of study selection for meta-analysis
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Pub-
lica-
tion 
Year

Authors Participant 
Allocation 
Method

Study Type Country 
of Study

Time 
Interval of 
Study

RIF Definition Inclusion 
Criteria

Exclusion Criteria

2015 Wen Y, et al. Baseline 
Charac-
teristics 
Matching

Retrospective Guang-
dong, 
China

Apr 2012 - 
Sep 2014

At least 3 continuous 
ET attempts or 10 
embryos transferred, 
each ET including a 
high-quality embryo, 
without clinical 
pregnancy.

The embryos 
transferred in this 
cycle are high-
quality (Grade I 
and II or ≥ 3BC).

Severe uterine malforma-
tions, multiple intrauterine 
adhesions, chromosomal 
abnormalities, severe endo-
crine disorders or donor egg 
cycles.

2018 Huang PX, 
et al.

Baseline 
Charac-
teristics 
Matching

Retrospective Guangxi, 
China

May 2015 - 
July 2017

Implantation failure 
after 3 or more trans-
fers of high- quality 
embryos.

Age ≤ 38, BMI 
18–24, endome-
trial thickness 
8–16 mm, and 
high-quality em-
bryos transferred 
in this cycle.

Endometrial polyps, 
intrauterine adhesions, 
submucosal myomas, 
adenomyosis, systemic 
diseases, hydropic fallopian 
tubes, PCOS, or stage III or 
higher endometriosis.

2019 Wang M, 
et al.

Microsoft 
Excel ‘RAND’ 
Function

Prospective Chongq-
ing, 
China

Apr 2014 - 
Nov 2017

At least 3 ET attempts 
with four embryos 
transferred, each in-
cluding a high-quality 
embryo, without clini-
cal pregnancy.

Age under 40 
with regular, nor-
mal menstrual 
periods.

Uterine abnormalities, 
hydrosalpinx, endometriosis, 
partner chromosomal abnor-
malities, and blastocyst-
stage or genetically tested 
embryos.

2019 Liu XM, 
et al.

Computer-
ized Ran-
dom Digit 
Generation

Prospective Shan-
dong, 
China

Jan 2016 - 
Dec 2016

Implantation failure 
after 3 or more trans-
fers of high- quality 
embryos.

Age ≤ 45, 
FSH < 10 IU/L, 
BMI 19–30 kg/
m², and normal 
uterine cav-
ity and normal 
karyotypes.

Severe uterine issues, 
chromosomal abnormali-
ties, untreated hydrosalpinx, 
pregnancy contraindications, 
endocrine dysfunctions, 
neoplasia, significant renal or 
hepatic impairment, or use 
of interfering medications.

2020 Zhao SF, 
et al.

Computer-
ized Ran-
dom Digit 
Generation

Prospective Not 
mention

Not 
mention

Implantation failure 
after at least 3 ET 
attempts, or four to six 
high-grade cleavage-
stage embryos, or 
three or more high-
grade blastocysts.

Age ≤ 38, BMI 
18–24 kg/m², 
with two or more 
day-3 thawed 
embryos avail-
able for transfer.

Adenomyosis, endometrio-
sis, uterine malformations, 
endometrial abnormalities, 
hydrosalpinx, or uterine 
adhesions.

2021 Ji XY, et al. Computer-
ized Ran-
dom Digit 
Generation

Prospective Jiangsu, 
China

Jan 2017 - 
Jun 2018

At least 3 ET attempts 
with four high-quality 
cleavage-stage embry-
os or two high-quality 
blastocyst embryos 
transferred, without 
achieving clinical 
pregnancy.

No history of ET 
difficulties, nor-
mal karyotypes, 
and etiology 
primarily due to 
tubal or male 
factors.

Moderate to severe intra-
uterine adhesions, hydro-
salpinx, endometrial polyps, 
severe endocrine disorders, 
uterine malformations, and 
fibroids.

2021 Li R, et al. Baseline 
Charac-
teristics 
Matching

Retrospective Guangxi, 
China

Jul 2017 - 
Jun 2019

At least 3 ET attempts 
with four embryos 
transferred, each in-
cluding a high-quality 
embryo, without clini-
cal pregnancy.

Age < 40, 
endometrial 
thickness > 7 mm 
and normal 
Karyotypes.

Endometrial or uterine cav-
ity lesions, or uncontrolled 
endocrine or metabolic 
disorders.

2021 Xiong YL, 
et al.

Baseline 
Charac-
teristics 
Matching

Retrospective Guang-
dong, 
China

Jan 2018 - 
Dec 2019

At least 3 ET attempts 
with four embryos 
transferred, each in-
cluding a high-quality 
embryo, without clini-
cal pregnancy.

Age 24–40. Acute pelvic inflammation, 
hydrosalpinx, vaginitis, or 
preoperative fever

Table 1  Characteristics of research included in the meta-analysis
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overview, listing each study’s publication year, authors, 
participant allocation method, study type, country of 
study, time interval of study, definitions of RIF, and spe-
cific inclusion and exclusion criteria. This table ensures 
a clear understanding of the methodological and contex-
tual framework within which each study was conducted.

Table  2 delves into the operational specifics of the 
interventions and controls used in each study, including 
the publication year, authors, type of embryo transfer, 
detailed descriptions of control groups, developmental 
stage of embryos, timing of hCG injection, hCG volume 
and concentration, total number of participants in the 
hCG group along with their average age and number of 
ET attempts, and similar details for the control group. 
Additionally, Table  2 outlines the primary methods of 
endometrial preparation employed. Together, these 
tables provide a comprehensive summary of the key fea-
tures and comparative aspects between groups, offering 
reproductive medicine professionals an in-depth view of 

the variables and conditions tested across the included 
studies.

Risk of bias assessment
In our meta-analysis, the risk of bias across all included 
studies was comprehensively evaluated using the GRADE 
approach. The retrospective studies, totaling six, were 
assessed using the ROBINS-I tool, while one RCT and six 
prospective studies were evaluated with the RoB2 tool. 
The results of these assessments are visually presented 
in Fig. 2. Additionally, methodological biases in the ret-
rospective studies were further evaluated using the NOS, 
with results tabulated in Table 3. All studies assessed with 
the NOS scored 4 or higher, indicating a satisfactory level 
of quality with minimal risk of bias.

Furthermore, publication bias for key outcomes such 
as implantation rate, clinical pregnancy rate, and miscar-
riage rate was analyzed using funnel plots (Fig. 2) and the 
Egger test (detailed in the Appendix). The findings from 

Pub-
lica-
tion 
Year

Authors Participant 
Allocation 
Method

Study Type Country 
of Study

Time 
Interval of 
Study

RIF Definition Inclusion 
Criteria

Exclusion Criteria

2022 Li J, et al. Baseline 
Charac-
teristics 
Matching

Retrospective Henan, 
China

Jan 2017 - 
Dec 2019

Implantation failure 
after 3 or more 
transfers.

Age ≤ 38, 
FSH ≤ 10 
IU/L, and BMI 
18–24 kg/m².

Hydrosalpinx, uterine 
abnormalities, chromosomal 
abnormalities, severe endo-
crine disorders, endometrio-
sis, and donor egg cycles.

2022 Liu N, et al. Computer-
ized Ran-
dom Digit 
Generation

Prospective Hebei, 
China

May 2019 - 
May 2020

At least 3 ET attempts 
with four embryos 
transferred, each in-
cluding a high-quality 
embryo, without clini-
cal pregnancy.

Age < 40, normal 
chromosomes, 
normal uterine 
and endocrine 
function, trans-
ferring at least 
one high-quality 
cleavage-stage 
embryo this 
cycle.

Fallopian tube cysts, uterine 
fibroids, positive antiphos-
pholipid antibodies, organic 
uterine lesions, hydrosalpinx, 
and uncontrolled endocrine 
or metabolic disorders.

2022 Cheng LL, 
et al.

Baseline 
Charac-
teristics 
Matching

Retrospective Hebei, 
China

May 2018 - 
Oct 2021

At least 3 ET attempts 
with four high-quality 
cleavage-stage embry-
os or two high-quality 
blastocyst embryos 
transferred, without 
achieving clinical 
pregnancy.

Age < 38, 
endometrial 
thickness > 7 mm 
and at least one 
high-quality 
cleavage-stage 
embryo available 
in this cycle.

Uterine malformations, 
endometriosis, adeno-
myosis, endometrial polyps, 
endometritis, hydrosalpinx, 
intrauterine adhesions, co-
agulation disorders and im-
mune system abnormalities.

2022 Torky H, 
et al.

Computer 
Software-
Based 
Random 
Allocation

RCT Cairo, 
Egypt

Jan 2019 - 
Jan 2020

At least 3 ET attempts 
with four embryos 
transferred, without 
clinical pregnancy.

Age 20–39. Medication hypersensitiv-
ity, sickle cell nephropathy, 
cancer history, low-quality 
embryos, or OHSS risk.

2023 Xu DJ, et al. Random 
Digital 
Table 
Method

Prospective Jiangxi, 
China

Jan 2020 - 
Dec 2021

At least 3 ET attempts 
with four embryos 
transferred, each in-
cluding a high-quality 
embryo, without clini-
cal pregnancy.

Aged 18–40. Abnormal uterine hysteros-
copy findings, chromosomal 
disorders, active infections, 
hydrosalpinx, weak ovarian 
reserve; systemic diseases; 
thyroid or thrombotic issues.

Table 1  (continued) 
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Table 3  Bias of retrospective research included in the analysis based on the newcastle-ottawa scale
Reference Selection Outcome

Representative Selection Ascertainment
of exposure

Demonstration Comparability Outcome Follow-up Adequacy
follow-up

Overall

Wen et al., 2015 [19] * - * * - * - - 4
Huang et al., 2018 [20] * - - * * * * * 6
Li et al., 2021 [25] * - * * * * * * 7
Xiong et al., 2021 [26] * * * * * * * * 8
Li et al., 2022 [28] * - - * * - * - 4
Cheng et al., 2022 [27] * * * * - * * - 6

Fig. 2  Bias Assessment and Publication Bias in Meta-Analysis Studies. (A, B, and C) are funnel plots for embryo implantation rate, clinical pregnancy rate, 
and miscarriage rate studies, respectively. (D) shows a traffic light plot using the RoB2 tool for randomized controlled trials (RCTs) and prospective studies. 
(E) presents a traffic light plot using the ROBINS-I tool for non-randomized control studies
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these analyses indicated no significant bias, as all studies 
included in the Egger test yielded P-values greater than 
0.1. These rigorous bias assessments ensure the reliabil-
ity and credibility of the findings presented in our meta-
analysis, providing reproductive medicine professionals 
with robust evidence on the effectiveness of the interven-
tions studied.

Primary outcomes
The primary outcomes of this meta-analysis focused on 
assessing the efficacy and safety of intrauterine hCG per-
fusion in patients with recurrent implantation failure. 
The key findings, summarized in Fig. 3, reflect the thera-
peutic benefits and safety profile of hCG treatment. The 
results, presented through RR with 95% CI, provide a 
comprehensive understanding of hCG’s role in improving 
clinical outcomes in these patients.

Embryo implantation rate
Analysis of embryo implantation rates from 12 included 
studies demonstrated a clear improvement with hCG 
perfusion. The fixed model RR for embryo implantation 
was 1.39 [95% CI: 1.25; 1.54], and the random model 
RR was 1.37 [95% CI: 1.20; 1.56]. These results signify a 
significant benefit for patients with a history of three or 
more implantation failures.

Clinical pregnancy rate
All 13 studies provided data on clinical pregnancy rates. 
The analysis indicated a significant improvement in these 
rates with hCG treatment, evident in both fixed effect 
and random effect models. The fixed model RR was 1.42 
[95% CI: 1.28; 1.57] and random model RR was 1.40 
[95% CI: 1.27; 1.55], highlighting the efficacy of hCG in 
enhancing clinical pregnancy rates.

Miscarriage rate
In our analysis, 11 studies provided data on miscarriage 
rates. Although hCG treatment did not demonstrate a 
statistically significant reduction in miscarriage rates, 
both the fixed model and the random model showed 
a RR of 0.77 [95% CI: 0.55; 1.08]. This result, while not 
reaching statistical significance, suggests a trend toward 
decreased miscarriage occurrences in the hCG group. 
The forest plot further illustrated this positive trend, sup-
porting the potential beneficial effect of hCG treatment 
in reducing miscarriages.

Safety and multiple pregnancy rate
Concerning safety, particularly the rate of multiple preg-
nancies, hCG perfusion did not show an increase. The 
results from three studies included in this analysis con-
firmed that the safety profile of hCG treatment was 
within acceptable parameters, underscoring its safety in 
clinical applications without substantially increasing the 
risk of multiple pregnancies. However, due to the limited 

Fig. 3  Forest Plots of Clinical Outcomes from the Included Studies. (A) Forest plot for embryo implantation rate, (B) clinical pregnancy rate, (C) miscarriage 
rate, (D) ectopic pregnancy rate, (E) ongoing pregnancy rate, and (F) live birth rate
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number of studies included, further in-depth research 
and exploration are necessary to comprehensively assess 
the long-term safety and effectiveness of hCG perfu-
sion. This will ensure robust evidence-based practices in 
reproductive medicine.

Ongoing and live birth rate
The ongoing pregnancy rate was evaluated in two studies, 
while data on live births were available from four studies. 
The analysis indicated no significant differences in ongo-
ing pregnancy rates. This outcome supports the safety of 
intrauterine hCG perfusion; however, the limited num-
ber of studies included necessitates further investigation. 
Continued research is essential to conclusively establish 
the safety profile of hCG perfusion throughout the entire 
pregnancy process. This will help to ensure that the treat-
ment’s efficacy and safety are adequately documented 
and understood in clinical applications. Regarding the 
live birth rate, after a comprehensive analysis, the fixed 
model RR was determined to be 1.57 [95% CI: 1.25; 1.97], 
and the random model RR was similarly 1.57 [95% CI: 
1.26; 1.97]. These results highlight the beneficial impact 
of intrauterine hCG perfusion on increasing live birth 
rates, demonstrating its efficacy in enhancing successful 
pregnancy outcomes.

Dosage-dependent efficacy of intrauterine hCG perfusion
In our meta-analysis, we conducted detailed subgroup 
analyses of hCG dosages on embryo implantation 
rates, clinical pregnancy rates, and miscarriage rates, as 
depicted in Fig. 4. The dosages assessed included 500 IU, 
1000 IU, and 2000 IU. The results demonstrated a clear 
advantage for the 500 IU dosage across various out-
comes. Specifically, the RR for embryo implantation rates 
in the fixed effect model was 1.51 [95% CI: 1.30; 1.75] for 
500 IU, significantly higher compared to 1000 IU which 
posted an RR of 1.21 [95% CI: 0.98; 1.49]. In terms of 
clinical pregnancy rates, the fixed effect model showed 
an RR of 1.55 [95% CI: 1.34; 1.79] for 500 IU, again out-
performing the 1000 IU dosage, which had an RR of 1.30 
[95% CI: 1.06; 1.58]. For miscarriage rates, there were 
no significant differences noted among the three dosage 
groups, although they exhibited similar trends.

It is important to emphasize that, although only two 
studies involved the 2000 IU dosage, they produced com-
pletely contradictory trends. Similarly, the studies involv-
ing the 1000 IU dosage, limited to only three, also present 
uncertainties due to their small number and mixed out-
comes. This discrepancy highlights the uncertainty sur-
rounding the effectiveness and potential side effects of 
higher dosages. Given the potential for bias introduced 
by the small sample sizes and conflicting results for both 
1000 IU and 2000 IU dosages, the conclusions regard-
ing these dosages should be interpreted with caution. 

The limited data available may not fully represent the 
true effects of these higher dosages, and thus, any con-
clusions drawn from these findings must be approached 
judiciously.

Deeper investigation on hCG volume and Concentration 
effects
Furthermore, we conducted additional subgroup anal-
yses focusing on the volume of fluid used and the final 
concentration of hCG, detailed in Fig.  5. The results 
indicated that smaller fluid volumes and higher hCG 
concentrations were associated with better clinical out-
comes. Specifically, in the fixed effect model, the RRs for 
embryo implantation and clinical pregnancy rates were 
more favorable at lower volumes and higher concentra-
tions. For volumes of 500µL and concentrations of 2 IU/
µL, the RR for embryo implantation was 1.54 [95% CI: 
1.17; 2.02] and 1.50 [95% CI: 1.17; 1.91], respectively. 
Similarly, volumes less than 100µL and concentrations 
over 5 IU/µL both showed an RR of 1.52 [95% CI: 1.23; 
1.87]. For clinical pregnancy rates, the analysis produced 
RRs of 1.49 [95% CI: 1.14; 1.96] for 500µL and 1.44 [95% 
CI: 1.12; 1.84] for concentrations of 2 IU/µL; while for 
volumes less than 100µL and concentrations over 5 IU/
µL, the RRs were consistently 1.56 [95% CI: 1.27; 1.90].

In terms of miscarriage rates, no significant differences 
were observed between different perfusion volumes and 
hCG concentrations. However, given the small number 
of studies in each subgroup, caution should be exercised 
in interpreting these results and in making clinical rec-
ommendations. This suggests that while smaller volumes 
and higher concentrations of hCG may enhance implan-
tation and pregnancy rates, the findings should be vali-
dated with further research to substantiate these trends 
and inform clinical practice more definitively.

Impact of hCG perfusion timing and transfer type on 
clinical outcomes
In the comprehensive subgroup analyses, which are 
detailed in Fig. 6, we evaluated the effects of hCG perfu-
sion based on the timing of administration and the type 
of embryo transfer (FET vs. fresh ET). For the timing of 
hCG administration, the analysis encompassed three 
primary intervals: more than three days before embryo 
transfer, one day before, and on the day of transfer.

The results indicate significant benefits in both embryo 
implantation rates and clinical pregnancy rates, regard-
less of the timing of administration or the type of embryo 
transfer. Moreover, hCG intrauterine perfusion exhib-
ited a safe profile concerning miscarriage rates across all 
timing and transfer scenarios. This demonstrates hCG’s 
crucial role in modulating the uterine environment, 
enhancing conditions favorable for embryo implanta-
tion and effective maternal-fetal interaction, thereby 
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Fig. 4  Subgroup analysis of hCG dosage effects on reproductive outcomes. Forest plots depicting the effects of varying hCG dosages on (A) embryo 
implantation rates, (B) clinical pregnancy rates, and (C) miscarriage rates
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improving overall pregnancy outcomes in patients with 
recurrent implantation failure.

However, it is important to note that there is a distinct 
lack of clinical studies focusing on hCG perfusion in fresh 
embryo transfers. The existing data predominantly relate 
to frozen embryo transfers, and while the outcomes are 
positive, the effectiveness and safety of hCG perfusion 
during fresh transfer cycles remain less explored. This 
gap underscores the need for cautious interpretation of 
hCG perfusion’s benefits in fresh transfers and highlights 

an urgent need for more research in this specific area to 
better inform clinical practices.

Analysis of control types in hCG perfusion studies
The subgroup analyses were also conducted based on 
the type of control used, specifically comparing out-
comes between placebo and blank controls (Fig. 7). This 
detailed analysis focused on embryo implantation rates, 
clinical pregnancy rates, and miscarriage rates. The 
results revealed that irrespective of the control type, the 

Fig. 5  Impact of hCG perfusion volume and concentration on reproductive outcomes. Forest plots demonstrating the effects of different volumes 
and concentrations of hCG perfusion on reproductive outcomes. (A, C and E) represent the effects of varying perfusion volumes on embryo implanta-
tion rates, clinical pregnancy rates, and miscarriage rates, respectively. (B, D, and F) illustrate the impacts of different hCG concentrations on the same 
outcomes
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outcomes were consistent with the overall findings of the 
study, indicating that intrauterine hCG perfusion consis-
tently enhances both the effectiveness and safety of clini-
cal outcomes.

However, it is important to note that the design of the 
control groups often varied due to differences in study 
protocols, which introduces some limitations to the sub-
group analyses. Nonetheless, the uniform results across 

different control types further substantiate the efficacy 
of hCG perfusion. This consistency across various study 
designs not only reinforces the benefits of hCG treatment 
but also underscores its potential utility in improving 
reproductive success in clinical settings.

Fig. 6  Effects of hCG perfusion timing and transfer type on reproductive outcomes. Forest plots illustrating the impact of hCG perfusion timing and 
embryo transfer type (fresh vs. FET) on reproductive outcomes. (A, C and E) display the effects of different hCG perfusion timings on embryo implanta-
tion rates, clinical pregnancy rates, and miscarriage rates, respectively. (B, D and F) show the impacts of fresh transfers and frozen embryo transfers (FET) 
on these same outcomes
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Fig. 7  Forest plots analyzing differences in reproductive outcomes by control types. Forest plots comparing the effects of different control types on 
reproductive outcomes. (A) shows differences in embryo implantation rates, (B) illustrates clinical pregnancy rates, and (C) details miscarriage rates across 
various control groups
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Analysis of embryonic development stages in hCG 
perfusion
Further detailed subgroup analyses were conducted on 
the types of embryos transferred, as illustrated in Fig. 8. 
This analysis specifically examined embryo implantation 
rates, clinical pregnancy rates, and miscarriage rates for 
both cleavage-stage embryos and blastocyst transfers. 
The results indicated that both types of embryo trans-
fers—cleavage-stage and blastocyst—exhibited RR values 
similar to the overall findings. This consistency dem-
onstrates that intrauterine hCG perfusion significantly 
enhances outcomes irrespective of the embryo stage, 
offering substantial benefits in cases of RIF. This evi-
dence supports the broad applicability of hCG perfusion 
across different embryonic stages, reinforcing its role as 
a critical intervention to improve reproductive success in 
diverse clinical scenarios.

Discussion
Summary of key findings
This meta-analysis comprehensively assessed thirteen 
studies, comprising six retrospective and six prospective 
studies from single centers, along with one multi-center 
RCT totaling 2,157 participants. It revealed that intra-
uterine hCG perfusion plays a crucial role in enhanc-
ing embryo implantation and clinical pregnancy rates in 
patients with RIF, while maintaining clinical safety. Sub-
group analyses further indicated that a 500 IU dosage is 
sufficient to improve clinical outcomes in RIF, and that 
smaller perfusion volumes (up to a maximum of 500µL) 
combined with higher concentrations (at least 2 IU/µL) 

may lead to even better outcomes. Significant improve-
ments in clinical outcomes were observed regardless of 
the timing of administration, the type of embryos trans-
ferred, whether fresh or frozen.

However, it is important to note that the analyses in 
this meta-analysis involved a limited number of studies, 
including only one randomized controlled trial along-
side several retrospective and prospective studies. This 
distribution necessitates cautious interpretation and 
application of these findings, as the evidence level var-
ies significantly across the different study types. Conse-
quently, more research is needed to confirm these results 
and ensure that recommendations are based on robust 
evidence. Despite these limitations, this comprehen-
sive evaluation confirms the probably efficacy and safety 
of hCG perfusion, highlighting its advantages in terms 
of affordability and accessibility. These attributes make 
hCG perfusion particularly valuable in economically less 
developed regions, offering a feasible alternative to more 
expensive treatments like GH, ERA, and various immu-
notherapies, which may be less available.

Context and comparison with other treatments
The application of hCG for intrauterine perfusion in 
treating RIF stands out primarily due to its significant 
biological advantages and its excellent safety profile. 
hCG, a hormone naturally secreted by the embryonic 
trophoblast cells, plays a crucial role in maintaining early 
pregnancy. Its use in treatment mimics this natural role, 
providing reassurance about its safety. This natural origin 
of hCG ensures that it is well-tolerated and minimizes 

Fig. 8  Forest plots of reproductive outcomes by embryo developmental stages. Forest plots comparing the effects of embryo developmental stages 
on reproductive outcomes. (A, C and E) illustrate the impacts on embryo implantation rates, clinical pregnancy rates, and miscarriage rates for cleavage-
stage embryos, respectively. (B, D and F) detail these outcomes for blastocyst-stage embryos, providing a visual comparison of efficacy between the two 
stages
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the risk of adverse reactions typically associated with 
synthetic drugs.

Biologically, hCG protects endometrial stromal cells 
from apoptosis induced by oxidative stress and effec-
tively modulates the immune system to support preg-
nancy [33]. This includes crucial processes such as the 
induction and differentiation of regulatory T cells, sup-
pression of effector T lymphocytes, and the regulation 
of macrophage migration and uterine natural killer cell 
activity [34–36]. These mechanisms are vital for enhanc-
ing embryonic differentiation, improving endometrial 
receptivity, and facilitating maternal-fetal immune toler-
ance [37], all of which are essential for successful embryo 
implantation and pregnancy continuation.

Moreover, hCG’s role extends beyond biological effects 
to provide logistical and economic benefits. It is a cost-
efficient option that is readily procurable, making it 
accessible for a broad range of patients. This accessibility 
is particularly important in reducing the financial bur-
den of fertility treatments on patients. The combination 
of hCG’s biological importance, its safety derived from 
its natural role in pregnancy, and economic advantages 
underscore its value as a superior treatment modality in 
assisted reproductive technology.

Treating RIF involves a multifaceted approach, focusing 
on enhancing endometrial receptivity and modulating 
the immune system. While GH is noted for its potential 
to upregulate factors like VEGF and IGF-1, improving 
subendometrial blood flow and the uterine environment, 
the evidence supporting its routine use remains uncer-
tain [38, 39]. Similarly, the ERA utilizes transcriptomic 
profiling to identify the optimal window for implantation, 
though its efficacy in improving clinical outcomes con-
tinues to be evaluated [40].

Transitioning from hormonal and diagnostic 
approaches to immune-based therapies, a variety of 
immunotherapies such as IVIG and PBMC perfusion 
have been proposed to enhance the endometrial environ-
ment conducive to implantation. However, despite their 
theoretical benefits, these interventions lack conclusive 
evidence and remain in the experimental stages [41, 42]. 
IVIG is believed to beneficially alter immune responses, 
and PBMC perfusion is thought to improve local immune 
conditions within the endometrium, yet both require 
more robust clinical validation [43, 44].

Further, other immunomodulatory therapies like 
G-CSF and PRP are utilized for their potential to release 
growth factors and cytokines, crucial for embryo implan-
tation. However, similar to IVIG and PBMC, the defini-
tive benefits of G-CSF and PRP in the context of RIF 
treatment have not been conclusively established and 
continue to be topics of active research [45–48].

In comparison, the use of intrauterine hCG perfusion 
stands out not only for its ability to significantly improve 

clinical pregnancy and embryo implantation rates but 
also for its established safety profile. The clearer and 
more consistent evidence supporting hCG’s effective-
ness in clinical settings offers a compelling alternative to 
the more uncertain or experimental outcomes associated 
with GH, ERA, and various immunotherapies. This meta-
analysis underscores hCG’s prominence as a particularly 
valuable intervention in the arsenal of assisted reproduc-
tive technologies.

Direct vs. systemic effects of hCG on endometrial 
environment
While the efficacy of intrauterine hCG perfusion in 
enhancing embryo implantation is well-documented [7, 
13, 49], questions remain about the necessity of its action 
directly within the endometrium. hCG is traditionally 
administered systemically to support the luteal phase in 
ART [50]. These systemic applications raise consider-
ations about whether direct intrauterine administration 
offers additional benefits.

Systemic administration of hCG, typically through 
injections, is known to stimulate the ovaries and support 
the corpus luteum, which in turn secretes progesterone 
vital for maintaining the early stages of pregnancy [51]. 
This systemic approach indirectly affects the endome-
trium by increasing progesterone levels, which enhances 
endometrial receptivity to an implanting embryo. How-
ever, direct intrauterine administration of hCG may 
influence the endometrial environment more directly 
and immediately.

Research suggests that intrauterine hCG perfusion 
can lead to a more localized and potent modification 
of the endometrial immune environment and enhance 
the expression of factors directly involved in mediating 
implantation [52]. For example, direct application of hCG 
to the endometrium is thought to increase the local con-
centration of cytokines, growth factors, and other mol-
ecules critical for successful implantation that systemic 
administration may not sufficiently impact [53]. This 
localized approach ensures that hCG is present at the 
site of implantation at optimal concentrations to exert its 
effects on the endometrial stromal cells, immune cells, 
and angiogenic factors.

Additionally, intrauterine hCG application has been 
shown to have direct effects on the endometrium, such as 
enhancing the secretion of LIF and VEGF [54, 55], which 
are crucial for the implantation process. These direct 
endometrial actions suggest that intrauterine delivery of 
hCG may be more effective than systemic administra-
tion in cases of repeated implantation failure, where local 
deficiencies in these implantation factors may exist.

Therefore, while systemic hCG injections indi-
rectly affect the endometrial environment, intrauterine 
hCG administration offers a more targeted approach, 
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potentially enhancing embryo implantation. This distinct 
impact underscores the necessity for comparative stud-
ies to establish the most effective administration routes 
for hCG, particularly for patients who do not respond 
to conventional treatments. To further refine treatment 
strategies, assessing the endometrial immune profile and 
decidualization score before hCG administration could 
be invaluable. This evaluation would allow clinicians to 
tailor interventions more precisely to individual endome-
trial conditions, improving outcomes in challenging cases 
like repeated implantation failure. Thus, integrating rou-
tine assessments of the endometrial environment could 
significantly enhance the personalization and effective-
ness of fertility treatments.

Implications for practice and research
Given the uncertainties surrounding conventional inter-
ventions, intrauterine perfusion of hCG presents a 
promising alternative. The use of hCG to improve clini-
cal pregnancy rates in patients with RIF could poten-
tially offer a more reliable option, bolstered by emerging 
research that underscores its role in enhancing endome-
trial receptivity [52].

Recent advancements in the landscape of IVF treat-
ments, including the adoption of the freeze-all strategy, 
highlight a shift towards improving endometrial recep-
tivity, partly to mitigate the negative effects of ovarian 
stimulation on the endometrium [56, 57]. Evidence sug-
gests that transferring frozen embryos, detached from 
the ovarian stimulation cycle, can yield higher preg-
nancy rates, emphasizing the crucial role of endometrial 
receptivity in the success of IVF treatments [58]. The 
well-documented biological role of hCG in facilitating 
implantation aligns with these findings [59]. While some 
studies, such as those aligned with the Cochrane review, 
suggest no significant benefit of hCG for IVF outcomes 
[60], others report favorable outcomes, particularly in 
terms of implantation, clinical pregnancy, and ongoing 
pregnancy rates [49]. These mixed results suggest that 
while hCG’s benefits are clear in some contexts, its vari-
able impact reflects the need for further study to clarify 
its role.

In clinical settings, the strategic timing and precise 
dosage of intrauterine hCG perfusion are crucial for 
enhancing implantation success, particularly in patients 
with a history of RIF. Although some studies recognize 
the benefits of hCG perfusion, significant debate per-
sists over the optimal timing and dosage [61]. Research 
and current guidelines suggest that administering hCG 
shortly before embryo transfer can significantly improve 
outcomes by ensuring higher concentrations of hCG are 
present at the site of action [62], potentially overcoming 
barriers related to suboptimal endogenous LH activity or 
inadequate endometrial responsiveness.

The dosage of intrauterine hCG perfusion in IVF treat-
ments lacks standardization, with effectiveness proving 
to be dosage-dependent [61]. Studies show that lower 
dosages, less than 500 IU, typically do not enhance live 
birth rates, whereas higher dosages of 500 IU or more 
may improve outcomes [63]. However, the impact of hCG 
perfusion varies with the stage of embryo development 
at transfer, underscoring the importance of personalized 
hCG dosing strategies [63]. These strategies should con-
sider the specific timing of the embryo transfer and adapt 
to the unique endometrial and physiological conditions 
of each patient to optimize the effectiveness of treatment.

Given these insights, it is advisable for clinicians to 
systematically integrate hCG perfusion into RIF treat-
ment protocols, especially in scenarios involving frozen 
embryo transfers where synchronization of endome-
trial receptivity with the embryo’s developmental stage 
is critical. Adjusting both the timing and dosage of hCG 
perfusion according to individual needs and response 
patterns could provide a more personalized approach 
to treatment, potentially improving clinical outcomes 
significantly.

For future research, there is a compelling need to 
explore the differential responses to hCG treatment 
among various patient groups, such as those with RIF 
compared to women of reproductive age, and to assess 
the distinct effects of hCG in fresh versus frozen embryo 
transfers. This involves conducting large-scale, multi-
center RCTs to determine the optimal dosage and timing 
of hCG administration. Additionally, from the perspec-
tive of basic medical research, it is crucial to investigate 
the specific effects of hCG on endometrial stromal cells 
and embryos. This includes a thorough examination of 
the impact of varying doses and timing of hCG on endo-
metrial protein expression and related pathways, particu-
larly in patients with RIF. Consideration of the outcomes 
of continuous versus single-dose hCG administration, as 
well as its influence on uterine contractions and endo-
crine mechanisms, are also important areas of study. 
These research directions are essential for a more com-
prehensive understanding of the biological actions and 
mechanisms of hCG, and will help to tailor treatment 
approaches based on specific patient characteristics to 
enhance therapeutic efficacy and safety, addressing the 
complexities of RIF with a more individualized treatment 
protocol.

These enhanced research and clinical strategies will 
not only contribute to the scientific community’s knowl-
edge but also potentially lead to more effective and safer 
treatment modalities, reflecting the practical implica-
tions of current evidence while paving the way for future 
advancements.
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Strengths and limitations
Our meta-analysis builds on findings from the 2022 study 
by Bede Tyler et al., which reported significant improve-
ments in clinical pregnancy rates with hCG supple-
mentation (RR 1.232, 95% CI 1.099–1.382) in a general 
assisted reproduction context [64]. While corroborat-
ing the potential of hCG to enhance clinical pregnancy 
outcomes, our study extends these insights to the spe-
cific challenges faced by patients with RIF, highlighting 
nuanced benefits in both clinical pregnancy and, ten-
tatively, live birth rates.  Despite the positive findings in 
our meta-analysis, several limitations must be acknowl-
edged that could impact the interpretation and general-
izability of the results. The limited sample size and lack 
of diversity among the studied populations restrict the 
generalizability of our findings, which may influence the 
applicability of results across different demographic and 
geographic groups. Variability in endometrial prepa-
ration protocols among the studies introduces further 
limitations, as inconsistencies in these procedures can 
affect outcome comparability and clinical relevance. 
Additionally, potential biases inherent in the design and 
methodology of the included studies complicate the 
interpretation of results, arising from the specific meth-
ods employed in conducting and reporting research.

The absence of long-term follow-up data is a significant 
drawback as such data are crucial for understanding the 
durability of treatment effects and identifying any poten-
tial delayed side effects associated with hCG treatment. 
Additionally, there is an inadequate understanding of the 
mechanisms through which hCG enhances endometrial 
receptivity and supports embryo implantation, highlight-
ing the need for more in-depth biological and mechanis-
tic studies.

There remains substantial debate regarding the optimal 
timing and dosage for hCG administration. Although our 
findings suggest that a dose of 500 IU can significantly 
improve outcomes, establishing a standardized approach 
requires further research. The studies included in our 
meta-analysis vary widely regarding age groups, defini-
tions of RIF, inclusion and exclusion criteria, endometrial 
preparation protocols, embryo stages, embryo quality, 
and the number of embryos transferred. This heterogene-
ity, along with individual patient differences, introduces 
variability in outcomes and poses challenges in drawing 
uniform conclusions.

To effectively address these limitations, it is impera-
tive to conduct larger-scale, multi-center randomized 
controlled trials. These trials should not only aim to 
standardize and control the variables but also focus on 
tailoring treatments based on specific patient characteris-
tics to enhance therapeutic efficacy and safety. Such com-
prehensive studies will help refine our understanding of 
hCG’s role in treating RIF, leading to improved treatment 

protocols and outcomes in reproductive medicine. These 
efforts are vital for advancing scientific knowledge and 
achieving better clinical practices.

Conclusions
This meta-analysis, comprising six retrospective and 
six prospective studies from single centers, along with 
one multi-center RCT totaling 2,157 participants, indi-
cates that intrauterine hCG perfusion probably enhances 
embryo implantation, clinical pregnancy rates, and live 
birth rates slightly in patients with RIF. Evidence further 
suggests that a dosage of 500 IU and a maximum volume 
of 500µL, with concentrations of at least 2 IU/µL, might 
be linked to these potential improvements, with possible 
benefits observed across various timings and types of 
embryo transfers.

These findings should be interpreted with consider-
able caution due to the substantial heterogeneity primar-
ily arising from the differences in study types, as well as 
other limitations inherent to observational research. The 
preliminary nature of these results, particularly concern-
ing live birth rates which are based on a limited num-
ber of studies, necessitates cautious interpretation and 
further discussion. Given the critical importance of live 
birth rates, along with the need to improve clinical preg-
nancy and implantation rates, more rigorously designed 
RCTs are essential to more definitively assess the efficacy 
and safety of intrauterine hCG perfusion.

Abbreviations
RIF	� Recurrent Implantation Failure
ART	� Assisted Reproductive Technology
IVF	� In Vitro Fertilization
ESHRE	� European Society Of Human Reproduction And Embryology
hCG	� Human Chorionic Gonadotropin
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
MeSH	� Medical Subject Headings
ICSI	� Intracytoplasmic Sperm Injection
NOS	� Newcastle-Ottawa Scale
GRADE	� Grading of Recommendations Assessment, Development and 

Evaluation
RR	� Relative Risk CI: Confidence Intervals
ET	� Embryo Transfer
FET	� Frozen Embryo Transfer
RCT	� Randomized Controlled Trial
GH	� Growth Hormone
VEGF	� Vascular Endothelial Growth Factor
IGF-1	� Insulin-Like Growth Factor 1
ERA	� Endometrial Receptivity Array
IVIG	� Intravenous Immunoglobulin
PBMC	� Peripheral Blood Mononuclear Cell
G-CSF	� Granulocyte Colony-Stimulating Factor
PRP	� Platelet-Rich Plasma

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12884-024-06662-1.

Supplementary Material 1

https://doi.org/10.1186/s12884-024-06662-1
https://doi.org/10.1186/s12884-024-06662-1


Page 20 of 22Luo et al. BMC Pregnancy and Childbirth          (2024) 24:468 

Supplementary Material 2

Acknowledgements
The authors wish to express their sincere gratitude to all researchers whose 
dedicated contributions have advanced the study and improvement of 
treatments for RIF.

Author contributions
X. Luo was responsible for the research design, meta-data verification, overall 
analysis, and drafting the initial manuscript. Y. Wu and Y. Xu conducted 
literature screening and independent data extraction from all searched 
articles. Y. Bai, L. Rong, X. Liu, and X. Zhou carried out detailed full-text 
retrievals. Z. Wu fulfilled a supervisory and collaborative role in the study’s 
design, data analysis process, and the revision of the final manuscript. All 
authors have read and approved the final manuscript.

Funding
This work was supported by grants from the Social development projects of 
Yunnan Province (202302AA310044); the National Natural Science Foundation 
of China (82260292, 82360305); the Open Project of Yunnan Provincial 
Reproductive and Obstetrics and Gynecology Clinical Medicine Center 
(2022LCZXKF-SZ16, 2022LCZXKF-SZ05); the Open Project of Yunnan Provincial 
Key Specialty of Gynecology (2022FKZDZK-13); the Yunnan Revitalization 
Talent Support Program (XDYC-MY-2022-0055); and the Kunming University of 
Science and Technology Medical School research development fund project 
(SRDP-2023-003). The funders had no role in study design; in the collection, 
analysis, or interpretation of data; in the writing of the manuscript, or in the 
decision to submit the article for publication.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Reproductive Medicine, NHC Key Laboratory of Healthy 
Birth and Birth Defect Prevention in Western China, The First People’s 
Hospital of Yunnan Province, Kunming, China
2Reproductive Medical Center of Yunnan Province, The Affiliated Hospital 
of Kunming University of Science and Technology, Kunming, China
3Faculty of Life science and Technology, Kunming University of Science 
and Technology, Kunming, China
4Medical school, Kunming University of Science and Technology, 
Kunming, China

Received: 9 April 2024 / Accepted: 28 June 2024

References
1.	 Coughlan C, Ledger W, Wang Q, Liu F, Demirol A, Gurgan T, et al. Recurrent 

implantation failure: definition and management. Reprod Biomed Online. 
2014;28(1):14–38. https://doi.org/10.1016/j.rbmo.2013.08.011.

2.	 Failure EWGRI, Cimadomo D, de Los Santos MJ, Griesinger G, Lainas G, Le Clef 
N, et al. ESHRE good practice recommendations on recurrent implantation 
failure. Hum Reprod Open. 2023;2023(3):hoad023. https://doi.org/10.1093/
hropen/hoad023.

3.	 Das M, Holzer HE. Recurrent implantation failure: gamete and embryo 
factors. Fertil Steril. 2012;97(5):1021–7. https://doi.org/10.1016/j.
fertnstert.2012.02.029.

4.	 Lai ZZ, Wang Y, Zhou WJ, Liang Z, Shi JW, Yang HL, et al. Single-cell tran-
scriptome profiling of the human endometrium of patients with recur-
rent implantation failure. Theranostics. 2022;12(15):6527–47. https://doi.
org/10.7150/thno.74053.

5.	 Genest G, Banjar S, Almasri W, Beauchamp C, Benoit J, Buckett W, et al. 
Immunomodulation for unexplained recurrent implantation failure: where 
are we now? Reproduction. 2023;165(2):R39–60. https://doi.org/10.1530/
REP-22-0150.

6.	 Penzias AS. Recurrent IVF failure: other factors. Fertil Steril. 2012;97(5):1033–8. 
https://doi.org/10.1016/j.fertnstert.2012.03.017.

7.	 Makrigiannakis A, Vrekoussis T, Zoumakis E, Kalantaridou SN, Jeschke U. The 
role of HCG in implantation: a Mini-review of Molecular and clinical evidence. 
Int J Mol Sci. 2017;18(6). https://doi.org/10.3390/ijms18061305.

8.	 Gridelet V, Perrier d’Hauterive S, Polese B, Foidart JM, Nisolle M, Geenen 
V. Human Chorionic Gonadotrophin: New Pleiotropic functions for an 
old hormone during pregnancy. Front Immunol. 2020;11:343. https://doi.
org/10.3389/fimmu.2020.00343.

9.	 Fluhr H, Bischof-Islami D, Krenzer S, Licht P, Bischof P, Zygmunt M. Human 
chorionic gonadotropin stimulates matrix metalloproteinases-2 and – 9 in 
cytotrophoblastic cells and decreases tissue inhibitor of metalloprotein-
ases-1, -2, and – 3 in decidualized endometrial stromal cells. Fertil Steril. 
2008;90(4 Suppl):1390–5. https://doi.org/10.1016/j.fertnstert.2007.08.023.

10.	 Fluhr H, Carli S, Deperschmidt M, Wallwiener D, Zygmunt M, Licht P. Differen-
tial effects of human chorionic gonadotropin and decidualization on insulin-
like growth factors-I and -II in human endometrial stromal cells. Fertil Steril. 
2008;90(4 Suppl):1384–9. https://doi.org/10.1016/j.fertnstert.2007.07.1357.

11.	 Srivastava A, Sengupta J, Kriplani A, Roy KK, Ghosh D. Profiles of cytokines 
secreted by isolated human endometrial cells under the influence of chori-
onic gonadotropin during the window of embryo implantation. Reprod Biol 
Endocrinol. 2013;11:116. https://doi.org/10.1186/1477-7827-11-116.

12.	 Hou W, Shi G, Cai B, Ding C, Song J, Zhang X, Xu Y. Effect of intrauterine injec-
tion of human chorionic gonadotropin before fresh embryo transfer on IVF 
and ICSI outcomes: a meta-analysis. Arch Gynecol Obstet. 2018;298(6):1061–
9. https://doi.org/10.1007/s00404-018-4923-1.

13.	 Gao M, Jiang X, Li B, Li L, Duan M, Zhang X, et al. Intrauterine injection of 
human chorionic gonadotropin before embryo transfer can improve in 
vitro fertilization-embryo transfer outcomes: a meta-analysis of randomized 
controlled trials. Fertil Steril. 2019;112(1):89–e971. https://doi.org/10.1016/j.
fertnstert.2019.02.027.

14.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment 
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. 
2010;25(9):603–5. https://doi.org/10.1007/s10654-010-9491-z.

15.	 Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, 
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of 
interventions. BMJ. 2016;355:i4919. https://doi.org/10.1136/bmj.i4919.

16.	 Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 
2019;366:l4898. https://doi.org/10.1136/bmj.l4898.

17.	 Balduzzi S, Rucker G, Schwarzer G. How to perform a meta-analysis with R: 
a practical tutorial. Evid Based Ment Health. 2019;22(4):153–60. https://doi.
org/10.1136/ebmental-2019-300117.

18.	 McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an R package 
and Shiny web app for visualizing risk-of-bias assessments. Res Synthesis 
Methods. 2020. n/a(n/a). https://doi.org/10.1002/jrsm.1411.

19.	 Wen Y, Li Y, Ni RM, Yang DZ, Zhang QX. Effects of intrauterine infusion of 
human chorionic gonadotropin (hCG) on the clinical outcome before 
frozen-thawed embryo transfer after repeated implantation failure. Reprod 
Contracept. 2015;35(2):91–4.

20.	 Huang PX, Wei LH, Li XL, Qin AP. Effects of intrauterine perfusion of human 
chorionic gonadotropin in women with different implantation failure num-
bers. Am J Reprod Immunol. 2018;79(2):5. https://doi.org/10.1111/aji.12809.

21.	 Liu XM, Ma D, Wang WJ, Qu QL, Zhang N, Wang XR, et al. Intrauterine admin-
istration of human chorionic gonadotropin improves the live birth rates 
of patients with repeated implantation failure in frozen-thawed blastocyst 
transfer cycles by increasing the percentage of peripheral regulatory T 
cells. Arch Gynecol Obstet. 2019;299(4):1165–72. https://doi.org/10.1007/
s00404-019-05047-6.

22.	 Wang M, Deng H, Ye H. Intrauterine injection of human chorionic gonado-
tropin improves pregnancy outcome in patients with repeated implantation 

https://doi.org/10.1016/j.rbmo.2013.08.011
https://doi.org/10.1093/hropen/hoad023
https://doi.org/10.1093/hropen/hoad023
https://doi.org/10.1016/j.fertnstert.2012.02.029
https://doi.org/10.1016/j.fertnstert.2012.02.029
https://doi.org/10.7150/thno.74053
https://doi.org/10.7150/thno.74053
https://doi.org/10.1530/REP-22-0150
https://doi.org/10.1530/REP-22-0150
https://doi.org/10.1016/j.fertnstert.2012.03.017
https://doi.org/10.3390/ijms18061305
https://doi.org/10.3389/fimmu.2020.00343
https://doi.org/10.3389/fimmu.2020.00343
https://doi.org/10.1016/j.fertnstert.2007.08.023
https://doi.org/10.1016/j.fertnstert.2007.07.1357
https://doi.org/10.1186/1477-7827-11-116
https://doi.org/10.1007/s00404-018-4923-1
https://doi.org/10.1016/j.fertnstert.2019.02.027
https://doi.org/10.1016/j.fertnstert.2019.02.027
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1111/aji.12809
https://doi.org/10.1007/s00404-019-05047-6
https://doi.org/10.1007/s00404-019-05047-6


Page 21 of 22Luo et al. BMC Pregnancy and Childbirth          (2024) 24:468 

failure in frozen-thawed embryo transfer. J Cent South University: Med Sci. 
2019;44(11):1247–51. https://doi.org/10.11817/j.issn.1672-7347.2019.180469.

23.	 Zhao SF, Zheng WL, Gu XR. Effects of intrauterine infusion of HCG on preg-
nancy outcome in patients with repeated implantion failure in freeze-thaw 
embryo transfer cycles. J China Prescription Drug. 2020;18(11):8–10.

24.	 Ji XY, Su Y, Li X, Ji H, Ling XF, Zhao C, et al. Effect of intrauterine perfusion of 
HCG on pregnancy outcome in patients with repeated implantation failures. 
J Southeast University: Med Sci Ed. 2021;40(1):7–11.

25.	 Li R, Li RF, Tan ZJ, Qiu Y. Effect of intrauterine infusion of human chori-
onic gonadotropin on pregnancy outcome after freeze-thaw embryo 
transfer in patients with repeated transplant failure. J Guangxi Med Univ. 
2021;38(6):1192–5.

26.	 Xiong YL, Cai GF, Yang GY, Zhou WW, Liang XY. Effect of HCG intrauterine 
perfusion before frozen-thawed blastocyst transplantation on pregnancy 
outcome in patients with recurrent implantation failure of IVF-ET. J Reprod 
Med. 2021;30(5):616–9.

27.	 Cheng LL, Liu SH, Liu S, Xu PY, Li DX, Liu XP, et al. Effect of intrauterine perfu-
sion in patients with frozen-thawed embryo transfer after recurrent implanta-
tion failures. J Reprod Med. 2022;31(11):1500–5.

28.	 Li J, Zhang JW, Qiao HW, Li Z, Yu XN, Zhang W, Guan YC. Effects of the 
intrauterine perfusion of recombinant hCG before a frozen-thawedembryo 
transfer in women with different implantation failure times. J Henan Univer-
sity: Med Sci. 2022;41(5):358–63.

29.	 Liu N, Qi JJ, Wang YH. Effect of intrauterine perfusion with rHCG during FET 
after RIF on pregnancy outcome. Chin J Hum Sexuality. 2022;31(4):71–5.

30.	 Torky H, El-Desouky ES, El-Baz A, Aly R, El-Taher O, Shata A, et al. Effect of 
Intra Uterine Granulocyte Colony stimulating factor vs. human chorionic 
gonadotropin at Ovum pick up day on pregnancy rate in IVF/ICSI cases with 
recurrent implantation failure. JBRA Assist Reprod. 2022;26(2):274–9. https://
doi.org/10.5935/1518-0557.20210056.

31.	 Xu DJ, Li L, Wang A, Yang LJ, Li J, Xiang YF. Effect of different intrauterine 
perfusion schemes on pregnancy outcome of frozen thawed embryo 
transfer in patients with repeated implantation failure. Med Innov China. 
2023;20(18):146–51. https://doi.org/10.3969/j.issn.1674-4985.2023.18.034.

32.	 Expert Consensus Group for PGD/S Technology of China. Expert con-
sensus on preimplantation genetic diagnosis / screening technology. 
Chin J Med Genet. 2018;35(2):151–5. https://doi.org/10.3760/cma.j.i
ssn.1003-9406.2018.02.001.

33.	 Kajihara T, Uchino S, Suzuki M, Itakura A, Brosens JJ, Ishihara O. Human 
chorionic gonadotropin confers resistance to oxidative stress-induced 
apoptosis in decidualizing human endometrial stromal cells. Fertil Steril. 
2011;95(4):1302–7. https://doi.org/10.1016/j.fertnstert.2010.05.048.

34.	 Huang X, Cai Y, Ding M, Zheng B, Sun H, Zhou J. Human chorionic gonado-
tropin promotes recruitment of regulatory T cells in endometrium by 
inducing chemokine CCL2. J Reprod Immunol. 2020;137:102856. https://doi.
org/10.1016/j.jri.2019.102856.

35.	 Kane N, Kelly R, Saunders PT, Critchley HO. Proliferation of uterine natural 
killer cells is induced by human chorionic gonadotropin and mediated 
via the mannose receptor. Endocrinology. 2009;150(6):2882–8. https://doi.
org/10.1210/en.2008-1309.

36.	 Wada S, Kudo T, Kudo M, Sakuragi N, Hareyama H, Nishihira J, Fujimoto S. 
Induction of macrophage migration inhibitory factor in human ovary by 
human chorionic gonadotrophin. Hum Reprod. 1999;14(2):395–9. https://doi.
org/10.1093/humrep/14.2.395.

37.	 Schumacher A. Human Chorionic Gonadotropin as a pivotal endocrine 
Immune Regulator Initiating and preserving fetal tolerance. Int J Mol Sci. 
2017;18(10). https://doi.org/10.3390/ijms18102166.

38.	 Xu YM, Hao GM, Gao BL. Application of growth hormone in in vitro fertiliza-
tion. Front Endocrinol (Lausanne). 2019;10:502. https://doi.org/10.3389/
fendo.2019.00502.

39.	 Xue-Mei W, Hong J, Wen-Xiang Z, Yang L. The effects of growth hormone on 
clinical outcomes after frozen-thawed embryo transfer. Int J Gynaecol Obstet. 
2016;133(3):347–50. https://doi.org/10.1016/j.ijgo.2015.10.020.

40.	 Rubin SC, Abdulkadir M, Lewis J, Harutyunyan A, Hirani R, Grimes CL. Review 
of Endometrial receptivity array: a Personalized Approach to embryo transfer 
and its clinical applications. J Pers Med. 2023;13(5). https://doi.org/10.3390/
jpm13050749.

41.	 Abdolmohammadi-Vahid S, Pashazadeh F, Pourmoghaddam Z, Aghebati-
Maleki L, Abdollahi-Fard S, Yousefi M. The effectiveness of IVIG therapy in 
pregnancy and live birth rate of women with recurrent implantation failure 
(RIF): a systematic review and meta-analysis. J Reprod Immunol. 2019;134–
135:28–33. https://doi.org/10.1016/j.jri.2019.07.006.

42.	 Sheikhansari G, Pourmoghadam Z, Danaii S, Mehdizadeh A, Yousefi M. 
Etiology and management of recurrent implantation failure: a focus on intra-
uterine PBMC-therapy for RIF. J Reprod Immunol. 2020;139:103121. https://
doi.org/10.1016/j.jri.2020.103121.

43.	 Kaveri SV, Lecerf M, Saha C, Kazatchkine MD, Lacroix-Desmazes S, Bayry J. 
Intravenous immunoglobulin and immune response. Clin Exp Immunol. 
2014;178(1):94–6. https://doi.org/10.1111/cei.12526.

44.	 Fan L, Sha M, Li W, Kang Q, Wu J, Chen S, Yu N. Intrauterine administration of 
peripheral blood mononuclear cells (PBMCs) improves embryo implanta-
tion in mice by regulating local Treg/Th17 cell balance. J Reprod Dev. 
2021;67(6):359–68. https://doi.org/10.1262/jrd.2021-006.

45.	 Jiang Y, Zhao Q, Zhang Y, Zhou L, Lin J, Chen Y, Qian X. Treatment of G-CSF 
in unexplained, repeated implantation failure: a systematic review and 
meta-analysis. J Gynecol Obstet Hum Reprod. 2020;101866. https://doi.
org/10.1016/j.jogoh.2020.101866.

46.	 Nazari L, Salehpour S, Hosseini S, Sheibani S, Hosseinirad H. The effects 
of Autologous platelet-rich plasma on pregnancy outcomes in repeated 
implantation failure patients undergoing frozen embryo transfer: a 
Randomized Controlled Trial. Reprod Sci. 2022;29(3):993–1000. https://doi.
org/10.1007/s43032-021-00669-1.

47.	 Mekinian A, Cohen J, Alijotas-Reig J, Carbillon L, Nicaise-Roland P, Kayem G, 
et al. Unexplained recurrent miscarriage and recurrent implantation failure: is 
there a place for Immunomodulation? Am J Reprod Immunol. 2016;76(1):8–
28. https://doi.org/10.1111/aji.12493.

48.	 Ferrari AR, Cortrezzi S, Borges EJ, Braga D, Souza M, Antunes RA. Evaluation 
of the effects of platelet-rich plasma on follicular and endometrial growth: 
a Literature Review. JBRA Assist Reprod. 2021;25(4):601–7. https://doi.
org/10.5935/1518-0557.20210036.

49.	 Conforti A, Longobardi S, Carbone L, Iorio GG, Cariati F, Campitiello MR, et 
al. Does Intrauterine Injection of hCG improve IVF outcome? A systematic 
review and a Meta-analysis. Int J Mol Sci. 2022;23(20). https://doi.org/10.3390/
ijms232012193.

50.	 Dashti S, Eftekhar M. Luteal-phase support in assisted reproductive technol-
ogy: an ongoing challenge. Int J Reprod Biomed. 2021;19(9):761–72. https://
doi.org/10.18502/ijrm.v19i9.9708.

51.	 Smitz J, Platteau P. Influence of human chorionic gonadotrophin during ovar-
ian stimulation: an overview. Reprod Biol Endocrinol. 2020;18(1):80. https://
doi.org/10.1186/s12958-020-00639-3.

52.	 Schumacher A, Zenclussen AC. Human chorionic gonadotropin-mediated 
Immune responses that facilitate embryo implantation and Placentation. 
Front Immunol. 2019;10:2896. https://doi.org/10.3389/fimmu.2019.02896.

53.	 Guzeloglu-Kayisli O, Kayisli UA, Taylor HS. The role of growth factors and 
cytokines during implantation: endocrine and paracrine interactions. Semin 
Reprod Med. 2009;27(1):62–79. https://doi.org/10.1055/s-0028-1108011.

54.	 Brouillet S, Hoffmann P, Chauvet S, Salomon A, Chamboredon S, Sergent 
F, et al. Revisiting the role of hCG: new regulation of the angiogenic factor 
EG-VEGF and its receptors. Cell Mol Life Sci. 2012;69(9):1537–50. https://doi.
org/10.1007/s00018-011-0889-x.

55.	 Yang M, Lei ZM, Rao Ch V. The central role of human chorionic gonado-
tropin in the formation of human placental syncytium. Endocrinology. 
2003;144(3):1108–20. https://doi.org/10.1210/en.2002-220922.

56.	 Bosch E, De Vos M, Humaidan P. The future of cryopreservation in assisted 
Reproductive technologies. Front Endocrinol (Lausanne). 2020;11:67. https://
doi.org/10.3389/fendo.2020.00067.

57.	 Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, Thomas S. 
Evidence of impaired endometrial receptivity after ovarian stimulation for in 
vitro fertilization: a prospective randomized trial comparing fresh and frozen-
thawed embryo transfer in normal responders. Fertil Steril. 2011;96(2):344–8. 
https://doi.org/10.1016/j.fertnstert.2011.05.050.

58.	 Fan L, Tang N, Yao C, Wei X, Tang Y, Li J, Huang W. Association between Fresh 
Embryo Transfers and frozen-thawed embryo transfers regarding live birth 
rates among women undergoing long gonadotropin-releasing hormone 
antagonist protocols. Front Cell Dev Biol. 2022;10:884677. https://doi.
org/10.3389/fcell.2022.884677.

59.	 Nwabuobi C, Arlier S, Schatz F, Guzeloglu-Kayisli O, Lockwood CJ, Kayisli UA. 
hCG: Biological functions and clinical applications. Int J Mol Sci. 2017;18(10). 
https://doi.org/10.3390/ijms18102037.

60.	 Osman A, Pundir J, Elsherbini M, Dave S, El-Toukhy T, Khalaf Y. The effect of 
intrauterine HCG injection on IVF outcome: a systematic review and meta-
analysis. Reprod Biomed Online. 2016;33(3):350–9. https://doi.org/10.1016/j.
rbmo.2016.05.010.

https://doi.org/10.11817/j.issn.1672-7347.2019.180469
https://doi.org/10.5935/1518-0557.20210056
https://doi.org/10.5935/1518-0557.20210056
https://doi.org/10.3969/j.issn.1674-4985.2023.18.034
https://doi.org/10.3760/cma.j.issn.1003-9406.2018.02.001
https://doi.org/10.3760/cma.j.issn.1003-9406.2018.02.001
https://doi.org/10.1016/j.fertnstert.2010.05.048
https://doi.org/10.1016/j.jri.2019.102856
https://doi.org/10.1016/j.jri.2019.102856
https://doi.org/10.1210/en.2008-1309
https://doi.org/10.1210/en.2008-1309
https://doi.org/10.1093/humrep/14.2.395
https://doi.org/10.1093/humrep/14.2.395
https://doi.org/10.3390/ijms18102166
https://doi.org/10.3389/fendo.2019.00502
https://doi.org/10.3389/fendo.2019.00502
https://doi.org/10.1016/j.ijgo.2015.10.020
https://doi.org/10.3390/jpm13050749
https://doi.org/10.3390/jpm13050749
https://doi.org/10.1016/j.jri.2019.07.006
https://doi.org/10.1016/j.jri.2020.103121
https://doi.org/10.1016/j.jri.2020.103121
https://doi.org/10.1111/cei.12526
https://doi.org/10.1262/jrd.2021-006
https://doi.org/10.1016/j.jogoh.2020.101866
https://doi.org/10.1016/j.jogoh.2020.101866
https://doi.org/10.1007/s43032-021-00669-1
https://doi.org/10.1007/s43032-021-00669-1
https://doi.org/10.1111/aji.12493
https://doi.org/10.5935/1518-0557.20210036
https://doi.org/10.5935/1518-0557.20210036
https://doi.org/10.3390/ijms232012193
https://doi.org/10.3390/ijms232012193
https://doi.org/10.18502/ijrm.v19i9.9708
https://doi.org/10.18502/ijrm.v19i9.9708
https://doi.org/10.1186/s12958-020-00639-3
https://doi.org/10.1186/s12958-020-00639-3
https://doi.org/10.3389/fimmu.2019.02896
https://doi.org/10.1055/s-0028-1108011
https://doi.org/10.1007/s00018-011-0889-x
https://doi.org/10.1007/s00018-011-0889-x
https://doi.org/10.1210/en.2002-220922
https://doi.org/10.3389/fendo.2020.00067
https://doi.org/10.3389/fendo.2020.00067
https://doi.org/10.1016/j.fertnstert.2011.05.050
https://doi.org/10.3389/fcell.2022.884677
https://doi.org/10.3389/fcell.2022.884677
https://doi.org/10.3390/ijms18102037
https://doi.org/10.1016/j.rbmo.2016.05.010
https://doi.org/10.1016/j.rbmo.2016.05.010


Page 22 of 22Luo et al. BMC Pregnancy and Childbirth          (2024) 24:468 

61.	 Lundin K, Bentzen JG, Bozdag G, Ebner T, Harper J, Le Clef N, et al. Good prac-
tice recommendations on add-ons in reproductive medicine†. Hum Reprod. 
2023;38(11):2062–104. https://doi.org/10.1093/humrep/dead184.

62.	 Simopoulou M, Sfakianoudis K, Maziotis E, Tsioulou P, Giannelou P, Grigoriadis 
S, et al. Investigating the Optimal Time for Intrauterine Human Chorionic 
Gonadotropin Infusion in Order to improve IVF outcome: a systematic review 
and Meta-analysis. Vivo. 2019;33(6):1737–49. https://doi.org/10.21873/
invivo.11664.

63.	 Craciunas L, Tsampras N, Raine-Fenning N, Coomarasamy A. Intrauterine 
administration of human chorionic gonadotropin (hCG) for subfertile 
women undergoing assisted reproduction. Cochrane Database Syst Rev. 
2018;10(10):Cd011537. https://doi.org/10.1002/14651858.CD011537.pub3.

64.	 Tyler B, Walford H, Tamblyn J, Keay SD, Mavrelos D, Yasmin E, Al Wattar BH. 
Interventions to optimize embryo transfer in women undergoing assisted 
conception: a comprehensive systematic review and meta-analyses. Hum 
Reprod Update. 2022;28(4):480–500. https://doi.org/10.1093/humupd/
dmac009.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1093/humrep/dead184
https://doi.org/10.21873/invivo.11664
https://doi.org/10.21873/invivo.11664
https://doi.org/10.1002/14651858.CD011537.pub3
https://doi.org/10.1093/humupd/dmac009
https://doi.org/10.1093/humupd/dmac009

	﻿Meta-analysis of intrauterine hCG perfusion efficacy in recurrent implantation failure as defined by ESHRE guidelines
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Data extraction
	﻿Primary outcomes
	﻿Subgroup analysis
	﻿Statistical analysis

	﻿Results
	﻿Study characteristics
	﻿Risk of bias assessment



