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Abstract

Objective: We aimed to explore the multifaceted etiology of recurrent implantation failure (RIF) and evaluate the efficacy of various
management strategies, with a focus on refining examination protocols and treatment pathways to improve implantation success rates in
patients undergoing in vitro fertilization-embryo transfer. Mechanism: The development of RIF can be attributed to a complex causal
network of factors. Chromosomal anomalies, such as aneuploidies, directly impact the genetic viability of embryos. Immune system
dysregulation, marked by the presence of autoantibodies, disrupts the normal immunological tolerance required for successful implanta-
tion. Endocrine disruptions interfere with the hormonal balance essential for preparing the endometrium for implantation. Anatomical
irregularities in the female reproductive tract can physically impede the embryo’s ability to implant. Lifestyle factors, including diet,
stress, and environmental exposures, influence both male and female reproductive health, affecting gamete quality and implantation po-
tential. These diverse factors interact in a multifaceted manner, making a personalized diagnostic and therapeutic approach essential for
addressing the specific causes in each case of RIF. Findings in brief: The review synthesizes current understanding of RIF’s etiology,
highlighting the need for innovative interventions and adjustments in clinical practice. It emphasizes the significance of a highly person-
alized approach in managing RIF, incorporating refined examination protocols and tailor-made treatment pathways to address the unique
combination of factors present in each case. Conclusions: Effective management of RIF requires innovative interventions and a shift
in clinical practice towards personalized care. Identifying gaps in the current understanding of RIF points towards a clear direction for
future research, aimed at refining treatment protocols and improving outcomes for patients. This contributes significantly to the broader
field of reproductive medicine, aiming to alleviate the clinical and psychological burdens of RIF.
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1. Introduction
Recurrent implantation failure (RIF) is a significant

impediment to achieving successful conception for couples
undergoing assisted reproductive technology (ART), affect-
ing roughly 10% of in vitro fertilization-embryo transfer
(IVF-ET) patients globally [1]. This condition not only
presents clinical challenges but also imposes substantial
emotional and financial stress on affected individuals. The
complexity of RIF is broad and multifaceted, with its etiol-
ogy not fully understood, highlighting the urgent need for
ongoing research to explore its underlying causes and de-
velop effective treatment strategies.

The definition of RIF has evolved in response to ad-
vancements in in vitro fertilization (IVF) technology and
clinical understanding. Historically, RIF was defined by
the number of unsuccessful IVF cycles or the number of

high-quality embryos transferred without resulting in preg-
nancy [2]. However, the shift towards single embryo trans-
fer practice to reduce multiple gestation risks has necessi-
tated a reevaluation of RIF criteria. In 2023, the Chinese
expert consensus introduced a refined definition that con-
siders both the quantity and the quality, including the devel-
opmental potential of transferred embryos [3]. This redefi-
nition reflects the dynamic nature of ART, where evolving
technological and clinical insights require adaptable defini-
tions.

Adding to the complexity of defining RIF, major re-
productive health organizations such as the European Soci-
ety of Human Reproduction and Embryology (ESHRE) and
the American Society for Reproductive Medicine (ASRM)
have established their criteria. ESHRE’s guidelines suggest
defining RIF as a condition observable only in IVF patients,
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characterized by a series of embryo transfers deemed viable
failing to result in a positive pregnancy test often enough
to warrant further investigation and/or interventions [4]. A
key aspect of their recommendation is the adoption of a cu-
mulative predicted chance of implantation greater than 60%
as a threshold for initiating further investigation and treat-
ment options. This nuanced approach by ESHRE under-
scores the importance of individualized care and the neces-
sity for definitions to evolve with technological and clinical
advancements.

Understanding the etiology of RIF is crucial for devel-
oping personalized treatment strategies. Factors such as im-
mune system anomalies, thrombotic processes, endometrial
receptivity, anatomical abnormalities in the reproductive
tract, infections, and hormonal imbalances all contribute to
the condition. The collective impact of these factors adds to
the overall complexity of RIF, necessitating individualized
diagnostic and therapeutic approaches.

This review endeavors to explore the complex etiol-
ogy of RIF, drawing on the latest research and the guide-
lines provided by ESHRE and ASRM. It aims to synthesize
current understandings and management strategies, empha-
sizing the need for personalized treatment plans. By pre-
senting a detailed examination of RIF’s multifaceted as-
pects and the varied effectiveness of treatment approaches,
this paper contributes to the ongoing dialogue on optimiz-
ing care for individuals grappling with RIF, setting the stage
for future research directions and clinical application.

2. Methods
The narrative review meticulously identifies and se-

lects relevant literature using a method that is both thorough
and aligned with scientific principles, ensuring the trans-
parency and reproducibility of findings. We conducted an
exhaustive literature search across a variety of databases to
encompass a wide range of studies pertinent to RIF.

2.1 Search Strategy
The databases searched include PubMed, MEDLINE,

Embase, the Cochrane Library, Google Scholar, Web
of Science, and key Chinese databases such as CNKI,
Wanfang, and Weipu Database, with the literature search
through December 2023. Our search strategy employed
a combination of Medical Subject Headings (MeSH) and
free-text term variants to ensure comprehensive coverage
of the topic.

Additional search terms covered areas related to fer-
tility treatments and outcomes, such as “embryo trans-
fer”, “fertility”, “infertility”, “assisted reproductive tech-
nology”, “pregnancy”, “miscarriage”, “implantation”, “in-
tracytoplasmic sperm injection (ICSI)”, and “in vitro fertil-
ization”. This extensive and detailed search strategy was
designed to be inclusive, and not restricted by language,
publication status, or study design. The aim was to pro-
vide a comprehensive overview of current knowledge and

emerging insights into managing RIF. Moreover, a manual
review of reference lists from identified articles was also
conducted to ensure no significant study was overlooked,
further broadening the scope of our literature review.

2.2 Inclusion and Exclusion Criteria
Inclusion criteria were established to identify stud-

ies that specifically address the multifaceted approaches to
managing RIF, including clinical research, reviews, and
guidelines that contribute significantly to understanding
and treating this condition. Exclusion criteria were applied
to omit studies that did not directly relate to RIF, were not
within the scope of reproductive medicine, or lacked sub-
stantial evidence or relevance to the review’s focus areas.

This methodological approach enhances the credibil-
ity of our narrative review by providing a clear, repro-
ducible framework for literature selection and analysis. It
underscores our commitment to a thorough examination of
the multifaceted approaches to managing RIF, contributing
valuable insights and innovations to the field.

3. Etiology of RIF
3.1 Biological and Physiological Factors

The endometrium, as the site for embryonic develop-
ment, is regulated by steroid hormones, notably estrogen
and progesterone. These hormones are essential in con-
trolling the growth and differentiation of the endometrium,
making the endocrine balance critical for successful embryo
implantation.

Progesterone is key in embryo implantation. Stud-
ies have shown that patients with RIF have significantly
lower progesterone levels during early pregnancy compared
to those with normal pregnancies [5]. However, the link be-
tween luteal phase defects and implantation failure remains
to be conclusively established, highlighting the need for fur-
ther research in this area. There is debate over the effect of
elevated estradiol levels during the artificial preparation of
frozen embryo transfer on luteal transformation and embryo
implantation, but studies suggest that neither normal nor in-
creased estradiol levels significantly alter the process [6].

Polycystic ovary syndrome (PCOS) patients often ex-
hibit insulin resistance andmetabolic abnormalities, includ-
ing altered blood lipid and glucose levels, which can hinder
embryo implantation [7]. Concurrent thyroid dysfunction
is also observed in patients with RIF [8,9].

Chromosomal abnormalities in embryos, such as
translocations, inversions, insertions, and deletions, are sig-
nificant contributors to implantation and pregnancy failure.
Although more common in RIF patients than in the gen-
eral population, the incidence of such abnormalities is about
2%, with translocations being the most frequent [10,11].
The incidence of chromosomal abnormalities in embryos
increases with age; reports indicate that up to 76% of
early pregnancy spontaneous miscarriages are due to these
abnormalities [12]. It is recommended to perform high-
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resolution chromosomal karyotyping analysis and provide
genetic counseling for both partners in RIF cases.

3.2 Endometrial Receptivity and Embryo Implantation
Successful embryo implantation is crucially depen-

dent on the synchronization of the embryo with the uterine
endometrium’s development, specifically during the opti-
mal “implantation window”. Studies demonstrate that ap-
proximately 66% of RIF patients experience impaired en-
dometrial receptivity and altered interactions between the
embryo and endometrium [13]. Transcriptomic analyses
have revealed distinct expression profiles in about 25%
of RIF patients, varying throughout the menstrual cycle
and potentially affecting the implantation window’s timing
[14,15]. Furthermore, dysregulation in prostaglandin syn-
thesis may contribute to decreased endometrial receptivity
in these patients [16].

The methods used for assessing endometrial receptiv-
ity, such as endometrial biopsy and the endometrial recep-
tivity array (ERA), are still under active research. Although
endometrial biopsy aids in determining the optimal implan-
tation period, its practicality is restricted due to invasive-
ness, the delay in results, and its inapplicability during em-
bryo transfer cycles.

3.3 Anatomical Abnormalities and Reproductive Health
Anatomical abnormalities within the reproductive sys-

tem, including Müllerian duct anomalies, uterine fibroids,
adenomyosis, endometrial polyps, intrauterine adhesions,
and hydrosalpinx, have significant implications for IVF
outcomes [17]. For patients with RIF, the presence of uter-
ine anomalies such as septate or bicornuate uterus should be
carefully evaluated. Both partial and complete septate uteri
are linked to reduced fertility outcomes, including lower
pregnancy rates and increased risks of earlymiscarriage and
preterm birth [18]. Similarly, a bicornuate uterus is associ-
ated with higher risks of preterm birth and mid-trimester
miscarriage.

Uterine fibroids can lead to deformation of the uter-
ine cavity and adhesions, hindering embryo implantation.
Particularly, submucosal fibroids have been found to sig-
nificantly affect IVF outcomes by impacting implantation
and pregnancy rates through various mechanisms, such as
increased uterine muscle contractions, abnormal blood ves-
sel formation, and changes in the endocrine environment
within the uterine cavity [19]. However, the influence of
intramural and subserosal fibroids is relatively minor [20].

Adenomyosis, characterized by an abnormal immune
response due to altered sex steroid levels, negatively im-
pacts implantation success [21]. Elevated levels of pro-
inflammatory cytokines and increased anti-inflammatory
mediators have been observed in patients with adeno-
myosis, along with a decrease in uterine natural killer
(uNK) cell functionality, which is also observed in en-
dometriosis and linked to reduced implantation success
[22]. Endometrial polyps and intrauterine adhesions, often

resulting from procedures such as uterine curettage, can ob-
struct embryo implantation by causing uterine cavity defor-
mities and endometrial damage [23–25]. Furthermore, hy-
drosalpinx may compromise IVF-ET outcomes due to fac-
tors such as insufficient nutrient supply and the presence of
inflammatory agents [26].

The female reproductive tract is home to distinct bac-
terial populations, extending from the vagina to the ovaries
[27]. The role of the female reproductive tract’s micro-
biome is also pivotal, with the vaginal microbiota, particu-
larly lactic acid bacteria such as Lactobacillus crispatus, L.
jensenii, L. iners, and L. gasseri, showing a positive corre-
lation with pregnancy outcomes [28]. A decrease in vaginal
lactobacillus and increased microbial alpha diversity have
been noted in unexplained RIF patients, contrasting with
those who achieved pregnancy after a thaw cycle transplant
[29]. Chronic endometritis, associated with alterations in
the uterine endometrial microbiota, is predominantly di-
agnosed through histopathology. Studies have indicated a
significant prevalence of chronic endometritis in RIF pa-
tients, along with an altered immune status within the en-
dometrium [30,31].

3.4 Immune System and Inflammatory Response

Thrombophilia, indicated by prothrombin time short-
ening (PTS), significantly influences themanagement of re-
current spontaneous abortion (RSA) and plays a crucial role
in treatments for RIF [32]. The hypercoagulable state asso-
ciated with PTS can present as early as the first trimester
of pregnancy, leading to the formation of microthrombi
within the uterine spiral arteries or the villous capillaries.
This condition can disrupt maternal-fetal circulation, po-
tentially impairing the process of embryo implantation and
consequently, increasing the incidence of RIF. It is impor-
tant to note that this hypercoagulable state can manifest
shortly after embryo implantation, underscoring the intri-
cate relationship between thrombophilia and reproductive
challenges [33]. This early occurrence of a hypercoagula-
ble state, even in the initial stages of pregnancy, necessitates
tailored management strategies for individuals with PTS, to
address the potential for implantation issues and to mitigate
the risk of pregnancy failures associated with RIF.

Hereditary PTS, or hereditary thrombophilia, encom-
passes genetic disorders characterized by defects in anti-
coagulant factors or fibrinolytic activity genes, elevating
blood clot formation risk. This includes deficiencies in anti-
coagulant proteins (protein C, protein S, antithrombin), fac-
tor V Leiden mutation, hereditary Hyperhomocysteinemia
(Hhcy), and prothrombin gene mutations. While strongly
associated with deep vein thrombosis and late pregnancy
loss, the link between hereditary PTS and early RSA is less
clear. Emerging evidence suggests that ART-related em-
bryo implantation failure may involve trophoblast or chori-
onic villus vascular injury and reduced nutritive layer inva-
siveness [34].

3

https://www.imrpress.com


Acquired thrombophilia, also known as acquired PTS,
encompasses a range of conditions that increase the risk
of thrombosis. These conditions include antiphospholipid
syndrome (APS), acquired Hhcy, and connective tissue dis-
eases that predispose individuals to thrombosis such as sys-
temic lupus erythematosus (SLE). Other factors contribut-
ing to acquired thrombophilia include uncontrolled hyper-
tension, long-standing diabetes, chronic kidney disease,
prolonged periods of immobilization, and the use of hor-
mone replacement therapy. Notably, ART is a significant
risk factor for acquired PTS, increasing venous thromboem-
bolism risk [35]. While a definitive link between recurrent
early implantation failure and acquired thrombophilia has
not been established, ART heightens thrombotic event like-
lihood, adversely affecting embryo implantation. Compre-
hensive coagulation status assessment in fully informed pa-
tients is recommended.

The immunomodulatory mechanisms in embryo im-
plantation are complex and diverse, forming a focal point
in both basic and clinical medicine research. Decidual
stromal cells in the endometrium are pivotal in regulating
trophoblast cell invasion and local maternal immune re-
sponse suppression, both crucial for successful implanta-
tion [36]. Imbalanced immune responses can lead to im-
plantation failure. Immune factors in pregnancy failure in-
clude autoimmune and homologous immune factors.

Autoimmune abnormalities in RIF patients, charac-
terized by the presence of tissue-specific or non-specific
autoantibodies, can indicate underlying autoimmune dis-
eases such as APS and SLE [37]. These autoantibod-
ies may directly contribute to reproductive failures by
impairing implantation processes or by inducing an in-
flammatory environment detrimental to embryo devel-
opment. These include anti-sperm antibodies (ASA),
anti-endometrial antibodies (AEA), anti-ovarian antibod-
ies (AOA), anti-thyroid antibodies (ATA), antiphospho-
lipid antibodies (APL), antinuclear antibodies (ANA), and
anti-DNA antibodies. Concurrent autoimmune diseases
are common and include APS, SLE, undifferentiated con-
nective tissue disease (UCTD), sjögren’s syndrome (SS),
rheumatoid arthritis (RA), and systemic sclerosis (SSc).
These conditions can often coexist, indicating a complex
interplay of autoimmune mechanisms within an individual,
affecting multiple organ systems and leading to a variety of
clinical manifestations. Profiling for ANA and APL is cru-
cial in the clinical management of RIF patients with sus-
pected autoimmune etiologies [38]. ANA profiling helps
identify underlying systemic autoimmune conditions, such
as SLE, that may affect fertility. Similarly, APL detection
is pivotal for diagnosing APS, a condition directly linked
to thrombotic events and miscarriage. These profiles not
only assist in the initial diagnosis but also guide treatment
strategies by identifying specific autoimmune targets and
evaluating the efficacy of immunosuppressive therapies.
Autoimmune diseases such as SLE, SSc, and RA impair

fertility through multiple mechanisms [39]. For instance,
prolonged treatment may lead to advanced maternal age, a
known risk factor for reduced fertility. Gonadotoxic drugs
used in managing these conditions can cause ovarian fail-
ure, while the diseases themselves can lead to reproductive
endocrine dysfunction. Furthermore, the hyperactive im-
mune response, characterized by the production of autoan-
tibodies, can interfere with the establishment of maternal-
fetal immune tolerance, increasing the risk of infertility and
miscarriage. Failure in establishing maternal-fetal immune
tolerance contributes to infertility and miscarriage risk, un-
derscoring the complex role of immune system dysregula-
tion in reproductive failures [40].

APS, characterized by elevated APL, manifests in ob-
stetrics as thrombosis, recurrent pregnancy loss, intrauter-
ine growth restriction, stillbirth, severe preeclampsia, pla-
cental insufficiency, and infertility. It is a primary treat-
able condition linked to autoimmune-related pregnancy loss
[41]. Anti-phosphatidylserine/prothrombin (aPS/PT) anti-
bodies are promising markers for APS. Immunoglobulin G
(IgG) type aPS/PT antibodies and IgG type anti-β2 glyco-
protein I (β2-GP1) domain 1 antibodies exhibit superior di-
agnostic and prognostic value in APS. Their presence not
only aids in accurately diagnosing APS but also in predict-
ing the clinical outcomes and guiding the management of
patients with this autoimmune condition. The relationship
between atypical antiphospholipid antibodies and recurrent
pathological pregnancies is significant, but no randomized
controlled trials (RCTs) have explored APS’s role in RIF.
Women with autoimmune diseases like SLE, UCTD, RA,
and SSc face increased RIF risk [42–44].

In the context of RIF, the placenta-specific protein en-
coded by the placenta enriched 1 (PLAC1) gene, predom-
inantly expressed in trophoblast cells, plays a pivotal role
in the embryo implantation process. Autoantibodies gen-
erated by the immune system against this protein, particu-
larly targeting specific regions, may impede successful em-
bryo implantation. Comparative studies have demonstrated
a significant elevation in the levels of these autoantibodies
in patients experiencing RIF compared to healthy women
of reproductive age who have not undergone implantation
failures. This observation underscores the importance of as-
sessing PLAC1-related immune responses in patients with
RIF and may guide therapeutic strategies aimed at mitigat-
ing immune-mediated barriers to implantation [45].

Imbalances in maternal-fetal immunity, characterized
by abnormalities in the numbers, functions, and interac-
tions of immune cells at the maternal-fetal interface, are
associated with RIF [46]. These immune cells include
natural killer (NK) cells, T cells, macrophages, myeloid-
derived suppressor cells (MDSCs), decidual stromal cells
(DSCs), and trophoblast cells. Disruptions in the equilib-
rium of these cell types can impede the establishment of
a conducive environment for embryo implantation, high-
lighting the complexity of immune system involvement
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in successful pregnancy outcomes. Alterations in the ex-
pression patterns of specific immune cells or associated
mediators, including cytokines and chemokines, may con-
tribute to RIF, yet the precise mechanisms underlying these
changes remain an active area of investigation [47]. NK
cells, abundant around uterine trophoblasts during early
pregnancy, may regulate physiological trophoblast inva-
sion, immune tolerance, embryonic development, and var-
ious immune/metabolic pathways [48]. Patients with RIF
exhibit increased levels of pro-inflammatory cytokines, in-
cluding interferon-gamma (IFN-γ), interleukin-1 beta (IL-
1β), interleukin-6 (IL-6), and interleukin-4 (IL-4), along-
side decreased levels of the anti-inflammatory cytokine
transforming growth factor-beta 1 (TGF-β1). This imbal-
ance between pro-inflammatory and anti-inflammatory cy-
tokines may contribute to the pathophysiology of RIF, high-
lighting the importance of cytokine regulation in maintain-
ing a conducive environment for embryo implantation [49].
Studies on endometrial cytokines prior to implantation have
revealed that there are positive correlations between Inter-
feron gamma-induced protein 10 (IP-10) and tumor necro-
sis factor-alpha (TNF-α) with implantation success and
clinical outcomes. Conversely, monocyte chemoattractant
protein-1 (MCP-1) and IL-1β demonstrate negative correla-
tions with these parameters. These findings underscore the
complex roles that specific cytokines play in the endome-
trial environment, influencing the likelihood of implanta-
tion success and subsequent clinical outcomes [50].

3.5 External Influences and Lifestyle Factors
Maternal age significantly influences embryo quality

in IVF procedures [51]. Studies have demonstrated a cor-
relation between increased maternal age and a higher inci-
dence of non-diploid embryos, which adversely affects em-
bryo quality and increases implantation failure rates [52].
Specifically, IVF success rates for women aged ≥35 are
lower than those for women aged <35 [53].

Studies show that in IVF treatments, both age and
body mass index (BMI) indicators independently reduce
success rates. Specifically, women aged over 40 and those
with elevated BMI face increased challenges, notably af-
fecting the effectiveness and leading to conditions like RIF
[54,55]. An elevated BMI, particularly above 30 kg/m2,
is associated with lower embryo implantation rates in IVF
procedures. This decrease is likely due to obesity-induced
changes in endometrial receptivity and follicular function
[56,57].

The smoking history of both partners is also a sig-
nificant factor in RIF [58]. In female patients with over
five years of smoking history, negative impacts include re-
duced egg retrieval, increased cycle cancellation rates, and
altered ovarian response to stimulation [59]. This effect is
primarily due to cigarette toxins interfering with estradiol
production during the follicular phase, impacting corpus lu-
teum formation and embryo implantation [60,61]. Further-

more, high serum cotinine levels in female smokers cor-
relate with fewer retrieved eggs and reduced availability
of high-quality embryos, consequently increasing the like-
lihood of negative pregnancy outcomes [62]. In males,
smoking leads to increased reactive oxygen species in sem-
inal plasma, altered sperm microRNA expression, and in-
creased sperm DNA fragmentation, all contributing to di-
minished sperm quality [63].

3.6 Partner-Related Factors

The understanding of RIF has expanded to encom-
pass the significant role of paternal factors alongside ma-
ternal contributions. Among these, paternal thrombophilia,
particularly the M2/ANXA5 haplotype, has garnered atten-
tion for its potential impact on RIF [64]. This genetic pre-
disposition to increased clot formation, more prevalent in
fathers of RIF patients, suggests its influence on key re-
productive processes including placental development and
embryo-maternal interactions. Such insights into paternal
genetic factors urge a comprehensive evaluation in the con-
text of RIF.

While the genetic aspects draw considerable focus, the
broader spectrum of male fertility, such as sperm quality,
has also been under investigation for its role in RIF [65].
Emerging research has explored the relationship between
suboptimal sperm quality and its effects on embryo devel-
opment and early placental function. However, the link be-
tween specific male fertility issues, like sperm DNA frag-
mentation, and RIF outcomes remains ambiguous. A no-
table study involving a small patient cohort indicated no
significant correlation between sperm DNA fragmentation
index and RIF outcomes [66]. This finding suggests that,
despite the intuitive connection between sperm quality and
reproductive success, the direct association of certain male
fertility variables with RIF is not definitively supported by
the current body of research.

Given this landscape, the routine assessment of sperm
DNA fragmentation index as a predictive measure for RIF
is currently not recommended [67]. This stance reflects a
cautious approach, acknowledging the complex and mul-
tifactorial nature of RIF, where the interplay of numerous
paternal andmaternal factors contributes to the condition. It
underscores the necessity for further research to unravel the
intricate dynamics between male fertility issues and RIF,
aiming to enhance the understanding and management of
this challenging condition.

In conclusion, the exploration of partner-related fac-
tors in RIF highlights the importance of considering both
paternal genetic predispositions, such as the M2/ANXA5
haplotype, and broader aspects of male fertility in the com-
prehensive assessment and management of RIF. The nu-
anced interplay between these factors and their impact on
successful implantation and pregnancy emphasizes the need
for ongoing research to clarify their roles and inform effec-
tive interventions.
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Fig. 1. Graphical overview of recurrent implantation failure (RIF) etiology and treatment approaches. IMSI, intracytoplasmic
morphologically selected sperm injection; IVIG, intravenous immunoglobulin; hCG, human chorionic gonadotropin; G-CSF, granulocyte
colony-stimulating factor.

4. Advanced Approaches in RIF
Management

In summarizing the various factors contributing to RIF
and their corresponding optimized treatment approaches,
Table 1 (Ref. [7,9,12,13,18,28,40,51,58,61,66,68–70]) and
Fig. 1 provide comprehensive overviews. Table 1 serves
as a quick reference, detailing the etiology, clinical pro-
file factors, and recommended treatment strategies for each
identified cause of RIF. Complementing this, Fig. 1 of-
fers a graphical representation of these elements, visually
demonstrating the complex interplay between the etiology
and treatment of RIF. Together, these resources emphasize
the necessity for individualized treatment plans, catering to
the multi-faceted nature of RIF.

4.1 General & Drug Therapy

Couples are advised to regulate their weight, adhere
to a nutritious diet, maintain consistent sleep patterns, par-
ticipate in suitable physical activities, abstain from smok-
ing, moderate alcohol intake, focus on psychological well-
being, and pursue psychological support when warranted
[58]. Multidisciplinary consultation is recommended for
patients with comorbidities to effectively manage their
health conditions.

The inclusion of progesterone support is critical in IVF
protocols. Saccone G et al. [71] systematic review and
meta-analysis highlighted the substantial benefits of pro-
gesterone in early pregnancy, particularly for women with
recurrent pregnancy loss. Dydrogesterone, especially when

combined with ART, outperforms other progesterone types.
A comparison of oral desogestrel and vaginal medications
revealed that the former is associated with fewer side effects
and greater patient compliance [72]. Thus, the integration
of progesterone, especially oral gestrol into IVF protocols,
is pivotal in enhancing pregnancy and live birth rates among
RIF patients, particularly during the luteal phase of treat-
ment. Nonetheless, additional research is required to con-
firm these results.

4.2 Reproductive & Antimicrobial Treatment
In managing RIF, effective intervention in chronic en-

dometritis (CE) and abnormalities of reproductive anatomy
are crucial. Patients diagnosed with CE through hys-
teroscopy and culture benefit significantly from antibiotic
treatment, which has shown efficacy in resolving the major-
ity of infections and thus improving success rates in future
IVF cycles [68]. Patients experiencing pathogen clearance
post-antimicrobial treatment exhibit markedly higher clin-
ical pregnancy and live birth rates compared to those with
persistent infections [73]. Recommended empirical antibi-
otic treatments include doxycycline (100 mg, twice daily,
orally for 14 days) and a combination of levofloxacin (400
mg) with metronidazole (500 mg, once daily, orally for 14
days). Ciprofloxacin (500 mg, twice daily, orally for 10
days) is often prescribed for gram-negative bacteria, while
amoxicillin-clavulanate (1 g, twice daily, orally for 8 days)
targets gram-positive bacteria. In cases of persistent CE,
minocycline (100 mg, twice daily, orally for 12 days) is ad-
ministered. Current advancements, including non-invasive
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Table 1. Comprehensive fertility treatment strategies and corresponding etiologies.
Etiology Clinical profile factors Optimized treatment Reference

General health
risks

Advanced maternal age (≥35 years) Oocyte cryopreservation, personalized controlled ovarian stimulation, enhanced embryo selec-
tion, and oocyte donation are advanced fertility treatments aimed at preserving eggs, stimulating
optimal egg production, selecting the best embryos, and utilizing donor eggs for assisted repro-
duction, respectively.

Ubaldi FM et al. (2019) [51].

Obesity (BMI >30 kg/m2) Non-pharmacological interventions: weight management and nutritional supplementation—
lifestyle changes including diet and exercise to optimize body weight and nutritional status.

Collins GG et al. (2015) [58].

Long-term smoking history (≥5 years) Lifestyle modification—changes in daily habits to improve overall health. Collins GG et al. (2015) [58].
Inappropriate endometrial receptivity Intrauterine hCG, PRP, PBMCs, G-CSF infusions, and ERA—a combination of treatments in-

volving hormones, plasma, cells, and endometrial receptivity analysis to enhance implantation
success.

Craciunas L et al. (2019) [13].

Genetic factors in fertility PGT-A—preimplantation genetic testing for aneuploidies, a technique to assess embryos for
chromosomal normalcy before transfer.

Sciorio R et al. (2020) [12].

Endocrine syst-
em disorders

Corpus luteum insufficiency Additional progesterone supplementation—use of progesterone to support the uterine lining and
encourage implantation.

Duncan WC (2021) [61].

Thyroid disorders impacting fertility Levothyroxine supplementation for hypothyroidism—hormonal supplementation to treat un-
deractive thyroid, which can affect fertility.

Velkeniers B et al. (2013) [9].

Insulin resistance and hyperinsulinemia Insulin-sensitizing agents: metformin and troglitazone—medications to improve insulin sensi-
tivity.

Sakumoto T et al. (2010) [7].

Reproductive m-
icrobiome envir-
onment

Reproductive tract dysbiosis Administration of antibiotics or probiotics—use of antibiotics to treat infections and probiotics
to balance the microbiome.

Han Y et al. (2021) [28].

Chronic endometritis as a fertility factor Antibiotics therapy—specific antibiotic treatments to address bacterial infections that could hin-
der implantation.

Cheng X et al. (2022) [68].

Anatomical fac-
tors in fertility

Anatomical fertility impediments: müllerian duct mal-
formations, uterine fibroids, adenomyosis, endometrial
polyps, intrauterine adhesions, hydrosalpinx

Hysteroscopy, surgical intervention—diagnostic and corrective surgery to examine and treat
uterine abnormalities.

Chan YY et al. (2011) [18].

Prothrombotic
conditions

Abnormal thrombophilia screening outcomes LMWH treatment—low molecular weight heparin therapy to reduce the risk of blood clots,
which can affect implantation.

Nelson SM et al. (2008) [69].

Immunological
factors affecting
fertility

Autoimmune diseases affecting fertility: APS, SLE,
UCTD, SS, RA, SSc

Aspirin, low-dose unfluorinated glucocorticoids, hydroxychloroquine, sulfamazine, tacrolimus,
and cyclosporine, supplemented with low molecular weight heparin—a regimen of medications
to manage inflammation and immune response, alongside blood-thinning agents.

Andreoli L et al. (2017) [40].

Maternal-fetal immunological imbalance IVIG or plasma exchange therapy—intravenous immunoglobulin or plasma exchange proce-
dures to modify immune system activity.

Abdolmohammadi-Vahid S et al.
(2019) [70].

Male reproduc-
tive factors

Poor sperm quality IMSI—intracytoplasmicmorphologically selected sperm injection, a technique to select the best
sperm for injection into an egg.

Coughlan C et al. (2015) [66].

BMI, body mass index; hCG, human chorionic gonadotropin; PRP, platelet-rich plasma; PBMCs, peripheral blood mononuclear cells; G-CSF, granulocyte colony-stimulating factor; ERA, endometrial receptivity
array; PGT-A, preimplantation genetic testing for aneuploidy; LMWH, low molecular weight heparin; APS, antiphospholipid syndrome; SLE, systemic lupus erythematosus; UCTD, undifferentiated connective
tissue disease; SS, sjögren’s syndrome; RA, rheumatoid arthritis; SSc, systemic sclerosis; IVIG, intravenous immunoglobulin; IMSI, intracytoplasmic morphologically selected sperm injection.7
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techniques like sequencing and quantitative polymerase
chain reaction (PCR) detection of endometrial fluid, are in-
creasingly employed for diagnosing CE, enablingmore pre-
cise guidance on antibiotic therapy [74].

Concurrently, addressing submucosal fibroids, uter-
ine polyps, intrauterine adhesions, and hydrosalpinx, fre-
quently associated with RIF, is essential. Hysteroscopy is
the preferredmethod for evaluating these anatomical issues.
Patients with submucosal fibroids generally have lower im-
plantation and live birth rates. Treatment considerations
for these fibroids, especially during hysteroscopicmyomec-
tomy, involve assessing the size of the fibroid and its impact
on the uterine cavity [75]. Removing endometrial polyps
has been shown to significantly increase clinical pregnancy
rates in intrauterine insemination [76]. Although the impact
of intrauterine adhesion separation on implantation rates is
not definitively established, severe adhesions are known to
negatively influence pregnancy outcomes [77]. Postopera-
tive administration of estrogen and progesterone aids in en-
dometrial growth and prevents re-adhesion in patients with
severe intrauterine adhesions. For moderate to severe hy-
drosalpinx, surgical interventions such as tubal resection or
occlusion are shown to enhance embryo implantation suc-
cess in IVF [78]. Notably, patients with bilateral hydros-
alpinx undergoing tubal resection demonstrate significant
improvements in clinical pregnancy and live birth rates in
subsequent IVF cycles [79,80].

4.3 IVF & Endometrial Optimization

In the management of RIF, optimizing IVF protocols
and enhancing endometrial receptivity are integral. Select-
ing a tailored controlled ovarian hyperstimulation protocol
is essential in RIF treatment, involving decisions on the op-
timal stimulation regimen, evaluating the necessity for pre-
treatment, determining the appropriate starting dose, timing
and method for trigger administration, and devising effec-
tive embryo transfer strategies. Additionally, special atten-
tion should be given to luteal phase support. It’s noteworthy
that high-dose gonadotropin may increase the risk of early
embryonic aneuploidy and reduce successful implantation
rates [81]. Assisted hatching (AH), which involves thinning
of the zona pellucida using chemical, mechanical, or laser
methods, may improve outcomes for patients over 38 years
old [82]. However, a rigorous RCT of 796 RIF patients
showed no significant difference in clinical pregnancy rates
post-AH [83].

The selection of ovarian stimulation protocols directly
impacts the number and quality of retrieved oocytes and
embryos, thus influencing reproductive outcomes. Individ-
ualized treatment plans for RIF patients should be based on
their medical history and previous ovarian stimulation out-
comes. In scenarios where a sufficient number of embryos
are available, employing frozen-thawed blastocyst transfer
is recommended [84]. Sequential embryo transfer has been

shown to improve endometrial receptivity [85], though the
associated risks of multiple pregnancies should not be over-
looked. Given the mixed results regarding the efficacy of
AH in RIF, cautious application is advised.

In the realm of RIF, alterations in endometrial re-
ceptivity play a crucial role, with innovative therapeutic
approaches like intrauterine infusion emerging to address
this challenge [86]. This technique involves administer-
ing agents such as human chorionic gonadotropin (hCG),
autologous platelet-rich plasma (PRP), peripheral blood
mononuclear cells (PBMCs), and granulocyte colony-
stimulating factor (G-CSF) directly into the uterus, aiming
to enhance its receptivity [87–90]. The underlying principle
of intrauterine infusion focuses on modifying the endome-
trial environment to foster conditions favorable for implan-
tation by promoting endometrial regeneration, thickening,
and enhancing immunological tolerance at the maternal-
fetal interface.

For instance, hCG is thought to stimulate the secre-
tion of growth factors essential for successful implanta-
tion, while PRP’s growth factors may regenerate and repair
the endometrium. Similarly, PBMCs could modulate the
immune environment to support implantation, and G-CSF
might improve endometrial thickness and quality. Despite
the potential of hCG intrauterine infusion to increase em-
bryo implantation rates in infertility cases, its efficacy in
RIF patients is under debate, largely due to the lack of stan-
dardized protocols regarding dosage and infusion duration
[91,92].

The effectiveness of intrauterine infusions in RIF,
therefore, remains a controversial topic, underscoring the
need for further research to establish standardized treatment
protocols. Such research would elucidate the mechanisms
of action of these treatments and refine their clinical ap-
plication, potentially offering new avenues for overcoming
RIF.

4.4 Complex Therapies

In the treatment of RIF, the use of antithrombotic ther-
apy and immunotherapy plays a crucial role, particularly for
women with predispositions to certain conditions. Women
undergoing ART-assisted reproduction with a tendency for
thrombosis may benefit from lowmolecular weight heparin
(LMWH) therapy under fully informed consent, as LMWH
has shown to reduce trophoblast apoptosis, promote angio-
genesis and trophoblast invasion, thereby improving em-
bryo implantation success rate and live birth rate [69,93,94].

Immune dysfunction, categorized into autoimmune
and alloimmune factors, significantly contributes to RIF.
For women with rheumatic immune diseases, such as sys-
temic lupus erythematosus, adherence to guidelines, includ-
ing routine low-dose aspirin and specific immunosuppres-
sive agents during pregnancy, is essential. Tacrolimus, in
particular, shows promise in managing RIF resulting from
immune dysregulation [95]. In treating RIF-associated an-
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Fig. 2. Diagnostic and treatment process flowchart for recurrent implantation failure patients. PGT-SR, preimplantation genetic
testing-structural rearrangements; ASA, anti-sperm antibodies; AEA, anti-endometrial antibodies; AOA, anti-ovarian antibodies; ATA,
anti-thyroid antibodies; APL, antiphospholipid antibodies; ANA, antinuclear antibodies; APS, antiphospholipid syndrome; SLE, sys-
temic lupus erythematosus; UCTD, undifferentiated connective tissue disease; SS, sjögren’s syndrome; RA, rheumatoid arthritis; SSc,
systemic sclerosis.

tiphospholipid syndrome, an approach similar to obstet-
ric antiphospholipid syndrome is applied, involving low-
dose aspirin and LMWH, with hydroxychloroquine recom-
mended for more complex cases. Secondary antiphospho-
lipid syndrome requires addressing the underlying primary
disease.

The role of uNK in facilitating normal trophoblast in-
vasion and the formation of the placenta is crucial. Treat-
ments such as intravenous immunoglobulin (IVIG) are
known to enhance the function of regulatory T cells (Tregs)
and reduce the cytotoxicity of T helper 1 (Th1) cells, prov-
ing to be effective in cases of RIF. This approach high-
lights the significance of modulating immune cell interac-
tions within the uterine environment to support successful
implantation and pregnancy outcomes [70,96–99]. How-
ever, treatments such as Intralipid, a 20% fat emulsion, have
shownmixed results, with a 2019 study reporting no signifi-
cant improvement in outcomes following its administration
[100]. The use of PBMCs infusion, based on enhancing em-
bryo implantation through locally implanted immune cells,
has demonstrated varied clinical outcomes [101–103]. G-
CSF, important for neutrophil proliferation and differentia-
tion, has been associated with increased implantation rates
when used intrauterine [104]. Despite the potential bene-
fits of these treatments, due to limitations in randomized
controlled trial data, small sample sizes, and study hetero-
geneity, routine clinical implementation of immunotherapy
in RIF is not recommended without conducting standard-
ized clinical trials with informed patient consent.

Genetic screening is advised for RIF couples with
identified chromosomal anomalies, as chromosomal irreg-
ularities in embryos are a significant factor contributing to
RIF. While preimplantation genetic testing for aneuploidy
(PGT-A) can notably enhance implantation rates in cases

where both partners have normal chromosomes [105,106],
its use in RIF remains a subject of debate. This debate cen-
ters not only on the challenges in identifying mosaic em-
bryos and the risk of false positives but also on the recog-
nition that PGT-A, despite proving embryos to be euploid,
cannot guarantee successful implantation [107]. Further-
more, it is imperative to consider the potential adverse ef-
fects associated with the embryo biopsy procedure utilized
in PGT-A. Alteri A et al. [108] underscore the lack of
definitive evidence fully addressing the potential obstet-
ric, neonatal, or long-term consequences of embryo biopsy.
While the evidence is limited and subject to controversy,
there are indications that embryo biopsy at the cleavage
stage may be associated with an increased risk of low birth
weight and small for gestational age neonates compared to
infants born from non-biopsied embryos. An increase in
preterm deliveries and birth defects has also been suggested
in cases of trophectoderm biopsy. For both cleavage and
blastocyst stage biopsies, an elevated risk for hypertensive
disorders of pregnancy was observed. However, these as-
sociations may be confounded by other embryo manipula-
tion procedures or inherent patient or population character-
istics. Given the insufficient evidence to assess the obstet-
ric, neonatal, and long-term health outcomes following em-
bryo biopsy, the development of invasive preimplantation
genetic testing (PGT) strategies should proceed with cau-
tion. The pursuit of non-invasive methods, based on the
analysis of embryo cell-free DNA, is advocated to circum-
vent the potential limitations and risks associated with em-
bryo biopsy procedures.

4.5 Male Factor Treatment

In the context of RIF, male factors, especially sperm
quality, play a crucial role in the early development of the
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embryo and the success of implantation. Intracytoplasmic
morphologically selected sperm injection (IMSI), a tech-
nique that involves the selection of high-quality sperm for
injection into the oocyte, has been demonstrated to signif-
icantly enhance implantation, clinical pregnancy, and live
birth rates in patients experiencing RIF. This method un-
derscores the importance of sperm quality in reproductive
success and offers a targeted approach to overcome certain
male factor infertility issues contributing to implantation
failures [109]. However, the criteria for sperm selection
in IMSI remain under debate, and there is a lack of conclu-
sive evidence supporting its advantages [110]. As such, this
area necessitates further research to establish standardized
criteria and validate its efficacy.

Building upon the comprehensive exploration of treat-
ment strategies in previous sections, we present a vital tool
for clinical application. Fig. 2, titled ‘Diagnostic and Treat-
ment Process Flowchart for Recurrent Implantation Failure
Patients’, offers a succinct and structured pathway for diag-
nosing and treating RIF. This flowchart is designed to as-
sist clinicians in navigating the complexity of RIF manage-
ment, ensuring a streamlined and effective approach to pa-
tient care. It delineates a step-by-step process, from initial
patient consultation through to specific therapeutic inter-
ventions, optimizing the clinical decision-making process.

5. Conclusions
In addressing RIF, it is paramount to understand the

patient’s comprehensive medical history. Chromosomal
abnormalities in embryos are a prevalent cause of implan-
tation failure, necessitating investigations into endometrial
factors such as injury, adhesion, inflammation, or abnor-
mal hyperplasia. Additionally, conditions like thromboem-
bolic predispositions and immune-related disorders, includ-
ing antiphospholipid syndrome, require targeted interven-
tions. The emerging focus on endometrial receptivity test-
ing and reproductive tract microbiome analysis offers per-
sonalized treatment insights, though these methods still de-
mand further validation.

Considering the complexity of RIF’s etiology, a multi-
pronged treatment approach is essential. Clinicians must
continuously refine their strategies based on the latest re-
search to enhance treatment efficacy, aiming to increase the
chances of successful pregnancies for RIF patients. The in-
tricate nature of RIF’s causes underscores the need for fu-
ture treatments to incorporate multi-faceted diagnostic ap-
proaches, tailoring individualized plans for patients. While
advancements in diagnostic technologies show promise,
further studies are necessary to validate their effectiveness
and precision in understanding the mechanisms behind po-
tential pathogenic factors.

RIF remains a multi-etiological and heterogeneous
disorder. The challenge in achieving a unified understand-
ing of its etiology lies partly in the difficulties of pinpointing
specific causes in patients and partly in the lack of high-

quality, evidence-based diagnostic methods. As research
progresses, our comprehension and management of RIF are
expected to evolve, becoming more precise and effective.
This advancement is critical for the field of reproductive
medicine and offers hope to those grappling with this com-
plex condition.
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