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Thin endometrium (TE) is defined as a mid-luteal endometrial thickness ≤7mm. TE can affect endometrial tolerance, leading to lower embryo implantation rates and clinical pregnancy rates, and is also associated with impaired outcomes from assisted reproductive treatment. Herein, we systematically review TE causes, mechanisms, and treatments. TE pathogenesis has multiple causes, with the endometrium becoming thinner with age under hormonal influence. In addition, uterine cavity factors are important, as the inflammatory environment may affect expressions of certain genes thereby inhibiting endometrial stromal cell proliferation and promoting apoptosis. Long-term oral contraceptive use or the use of ovulation-promoting drugs are also definite factors contributing to endometrial thinning. Other patients have primary factors, for which the clinical etiology remains unknown. The main therapeutic strategies available for TE are pharmacological (including hormonal and vasoactive drugs), regenerative medicine, intrauterine infusion of growth factor-granulocyte colony-stimulating factor, autologous platelet-rich plasma, and complementary alternative therapies (including traditional Chinese herbal medicine and acupuncture). However, the associated mechanisms of action are currently unclear. Clinical scholars have proposed various approaches to improve treatment outcomes in patients with TE, and are exploring the principles of efficacy, offering potentials for novel treatments. It is hoped that this will improve TE tolerance, increase embryo implantation rates, and help more couples with infertility with effective treatments.
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1 Introduction

Embryo implantation success depends mainly on two conditions: the degree of embryo development and endometrial receptivity (ER). ER refers to the ability of the endometrium to allow the embryo to contact, localize, adhere, and implant at a specific time, referred to as the window of implantation (WOI) (1). The WOI, usually days 20–24 of the normal menstrual cycle or days 7–10 of the LH peak, is when the embryo is most likely to implant. Ultrasonography is used as a routine endometrial assessment method, in which endometrial thickness (EMT) is an important parameter for assessing endometrial tolerance, which is critical to successful pregnancy (2). While there are not currently standardized, clear diagnostic criteria for thin endometrium (TE), <7mm is both the most common factor of uterine infertility and is associated with impaired outcomes of assisted reproductive treatments. Globally, 8–12% of couples of reproductive age are affected by infertility, and assisted reproductive technology (ART) can solve most infertility causes (e.g., ovulatory dysfunction, male factor infertility, tubal disease). As use of ART has expanded, endometrial tolerance is widely recognized as a key factor in its success. TE leads to lower implantation rates (IRs), increased obstetric complications, and adverse perinatal outcomes. Previous studies have shown a negative correlation between EMT and the incidence of preterm birth, and that EMT of 7.8mm is an independent predictor of higher preterm birth following fresh embryo transfer (3). Other studies have found that EMT is associated with a decrease in clinical pregnancy rate (CPR) and live birth rate (LBR) when <8mm at fresh embryo transfer or <7mm at frozen-thawed embryo transfer (FET). In contrast, LBR increases with EMT at fresh embryo transfer, and plateaus when EMT reaches 10–12mm into the plateau; in FET cycles, LBR tends to stabilize after EMT increases to 7–10mm (4, 5). The mechanisms by which TE leads to poor endometrial tolerance remain to be further explored, and a variety of methods have been used clinically to improve outcomes in patients with TE, such as estrogen therapy, low-dose aspirin, sildenafil citrate, vitamin E, regenerative medicine therapies, and complementary and alternative therapies. This review of the literature related to TE treatment analyzes the studies on improving EMT and tolerance, with the aim of providing a more comprehensive understanding of this disease and its treatment modalities, and highlighting potentials for exploring for new therapeutic ideas.




2 TE definition

In most cases, ultrasonography defines TE as ≤7mm (6); however, the definition of ‘thin’ varies from ≤6–8mm (7–10). TE prevalence increases with age, reaching 25% in natural cycles among women over age 40 years. TE incidence in infertility treatment cycles is 2–3% (11). In ART, endometrial tolerance and embryo quality are two main factors affecting in vitro fertilization (IVF) and embryo transfer cycles, with nearly two-thirds of implantation failures in IVF reported to be due to reduced endometrial tolerance, and the remaining one-third attributed to embryo quality (12).




3 Causes and mechanisms of endometrial thinning

The many causes of decreased EMT are traditionally categorized as inflammatory, medical, and idiopathic (13). Anatomically, acquired uterine abnormalities like uterine adhesions, endometrial polyps, endometriosis, fibroids, and other uterine abnormalities may disrupt endometrial environmental homeostasis, leading to diminished endometrial tolerance (14). For example, chronic endometritis may affect the endometrial immune milieu by destroying the associated immune cells. Studies have found impairments in metabolic signaling pathways in thin endometrial tissues, and coordinated estrogen–progesterone interactions among multiple cells are critical for uterine tolerance. Anatomical, immunological, and metabolic factors also influence endometrial tolerance, and more clinical large-scale randomized controlled studies are needed to address these. TE is characterized by poor glandular epithelial growth, high impedance to uterine blood flow, reduced vascular endothelial growth factor (VEGF) expression, and poor vascularization compared with normal-thickness endometrium (15).




4 Dangers of endometrial thinning

Although the etiologies of endometrial thinning vary, they lead to similar outcomes: reduced embryo implantation and pregnancy rates, and increased miscarriage risks. TE has been associated with a higher incidence of early miscarriage (i.e., miscarriage and ectopic pregnancy), intrauterine growth restriction, and a composite adverse perinatal outcome (16, 17). Infants of patients with TE also have a twofold increased risk of low birth weight and preterm labor (18).




5 TE treatments



5.1 Drug therapies



5.1.1 Endocrine therapies



5.1.1.1 Estrogen

Estrogen secretion increases during the follicular phase of the normal menstrual cycle and binds to estrogen receptors to promote proliferation and regeneration of endometrial epithelial cells (EECs). Estrogen affects embryo implantation via endometrial estrogen receptor α and cytokines such as leukocyte inhibitory factor (LIF) and IL-6 (19–22); thus, it can also positively affect endometrial tolerance.

The concentration, duration of action, and route of supplementation of estrogen may also be related to endometrial tolerance. A retrospective study by Amir et al. found that EMT correlates with serum estradiol levels up to 1000 pg/ml, and that the correlation was not significant >1000 pg/ml (23). It has also been reported that endometrial growth correlates with duration of estrogen action, while there is no significant correlation with estrogen levels (24).

Estrogen supplementation can be administered in several ways, among which the oral route is more convenient and transdermal ingestion has the most pronounced effects. A prospective randomized controlled study by Yi et al. found similar endometrial growth in patients with uterine adhesions after one cycle of oral estradiol valerate tablets versus transdermal gel treatment after hysteroscopy (25). The highest serum drug concentrations and endometrial proliferation rates are obtained with transvaginal estrogen administration, which is recommended after other modes have failed (26). Regarding dosage, patients with TE are not sensitive enough to respond to normal physiologic doses of estrogen because of their relatively low number, and dysfunction, of estrogen receptors. However, when using estrogen to treat TE, the risk of endometrial pathology remains an important consideration (e.g., endometrial cancer, thrombosis). These may result from prolonged, high-dose estrogen use, and the endometrium should also be protected by regular progestin use, except for contraindications. In conclusion, the role of estrogen in promoting endothelial growth remains controversial, and the administration mode, usage, and dosage require further standardization.




5.1.1.2 Growth hormone

GH is a peptide hormone secreted by the pituitary gland, the receptors for which are found on the human endometrium. GH improves EMT, and possibly endometrial tolerance, in women with infertility, possibly by mechanisms such as increased endometrial blood perfusion, increased expression of genes and proteins associated with endometrial tolerance, and induction of insulin-like growth factor 1 (IGF-1) production; however, the exact mechanisms remain to be elucidated (27, 28).

The effectiveness of GH treatment on endometrial quality and function in women undergoing IVF was evaluated in a systematic review and meta-analysis (29). Adjuvant application of GH was found to not only increase the LBR, CPR, and IR, it also improved EMT. Based on subgroup analysis, a dose- and time-dependent relation between GH combination therapy and CPR was also found. Thus, GH may promote fertility by improving endometrial quality.




5.1.1.3 Human chorionic gonadotropin

HCG is a glycoprotein hormone synthesized by gestational trophoblasts and is commonly used as a trigger drug in ovulation promotion. HCG receptor expression is also present on the endometrium during the endometrial secretory phase. Beyond a certain concentration, HCG instilled in the uterine cavity before embryo transfer can bind to receptors to upregulate expression factors including VEGF, LIF, matrix metalloproteinase-9 (MMP-9) (30); these cytokines improve maternal–fetal immune tolerance, upregulating endometrial thickness, and improving pregnancy outcomes.




5.1.1.4 Gonadotropin-releasing hormone agonist

GnRH-a drugs are the first-line of clinical use in assisted reproduction and endometriosis. After the first application of GnRH-a, it binds to the GnRH receptor in the pituitary gland and instantly stimulates the release of gonadotropins (follicle stimulating hormone and luteinizing hormone) from pituitary cells, resulting in a ‘flare-up’ effect, which raises the serum estrogen level and stimulates the body to produce the cytokines necessary for implantation, thus improving the EMT and increasing endometrial tolerance (31). GnRH-a in combination with human menopausal gonadotropin also enhances the stimulation of follicular development and improves EMT in women undergoing FET after intensified estrogen administration (32). A retrospective study also found that clinical pregnancy and LBRs were significantly higher in the GnRH agonist group than in the GnRH antagonist group (33).




5.1.1.5 Tamoxifen

TMX is a selective estrogen receptor modulator. As an antitumor drug, it has both anti-estrogenic and estrogen-like effects, and plays different roles in different target organs, inhibiting breast tumors while promoting endometrial hyperplasia. Combination TMX+hormone replacement therapy (HRT) in patients with infertility with TE (EMT <8mm) increased EMT more than HRT alone; however, differences in clinical pregnancy outcomes (CPR, embryo IR, early miscarriage rate, LBR) did not differ significant between these groups (34).

Clinical studies have found that TMX somewhat improves EMT and LBR and reduces the likelihood of multiple pregnancies in patients with TE who are treated with clomiphene; however, in patients with polycystic ovary syndrome, the ovulation induction by TMX may be inadequate (35). It is also clear that current use of TMX in reproduction is beyond its scope of application, and its safety remains unclear.





5.1.2 Increased endometrial blood perfusion



5.1.2.1 Low-dose aspirin

Aspirin, a cyclooxygenase inhibitor, does not directly increase EMT, but may improve pregnancy outcomes by improving endometrial morphology, perfusion, and tolerance (36). In a prospective randomized study of aspirin in patients with TE (≤8mm) undergoing intrauterine insemination, aspirin administration improved pregnancy rates and endometrial state; however, it did not significantly increase EMT or improve resistance to uterine and ovarian blood flow (37). Another study showed that supplemental low-dose aspirin after adhesive separation of the uterine cavity for TE may promote endometrial growth and repair, and the combination of low-dose aspirin in patients treated with high-dose estrogens may also help reduce the risk of blood clots (38).




5.1.2.2 Sildenafil citrate

Sildenafil citrate is a specific phosphodiesterase type 5 inhibitor that enhances the vasodilatory effect of nitric oxide on vascular smooth muscle by preventing cGMP degradation. It has been suggested that endometrial thinning may be caused by impedance to high blood flow in uterine arteries, and that vaginal administration of sildenafil citrate may be effective for increasing EMT and CPRs, and improving biochemical pregnancy rates in women with TE (39). A randomized, placebo-controlled trial examining the effect of vaginally administered sildenafil in patients with at least two failed IVF/intracytoplasmic monospermous injection rounds showed that women receiving sildenafil (alone or in combination with placebo) showed a twofold increase in chemical pregnancies compared with the placebo group. This increase was clinically significant, although not statistically significant based on sample size (40).




5.1.2.3 Botulinum toxin A

BoTA is widely used in plastic, reconstructive, and aesthetic surgeries (41, 42). It has also been reported to enhance re-epithelialization of human keratinocytes and angiogenesis of endothelial cells (43). Animal experiments by Koo et al. demonstrated that intrauterine BoTA administration significantly induces endometrial angiogenesis and can enhance endometrial tolerance (44). Further studies found that intrauterine BoTA injection improved the endometrial environment in mice with TE by increasing endometrial tolerance and angiogenesis via the regulatory effect of IGFBP3 on hydrolytic cleavage of OPN proteins; these findings suggest BoTA as a potential therapeutic strategy for patients with TE. However, there is currently insufficient basis for clinical trials, and clinical validation is needed (45).




5.1.2.4 Vitamin E

Vitamin E is a fat-soluble vitamin, the hydrolysis product of which is tocopherol, which increases estrogen levels and improves fertility. Tocopherol is an antioxidant that acts to limit reactive oxygen species (ROS) during oxidative stress. Vitamin E also reduces free radical-induced chromosome damage by inhibiting ROS formation and nucleic acid endonuclease activation. Pentoxifylline (PTX) is a methylxanthine derivative used in the treatment of vascular diseases; it is an antioxidant and promotes vasodilation. In a retrospective study of 143 patients with EMT <7mm and repeated implantation failures, combination tocopherol and PTX treatment significantly improved endometrial volume (EV) thresholds and EMT (46).






5.2 Stem cells and their derivatives

Stem cell therapy is a recognized potential therapeutic strategy for endometrial repair and regeneration, due to the potential for stem cells to replace damaged endometrial cells and regenerate damaged endometrial tissue. Many stem cell types have been associated with endometrial renewal and regeneration, and can be applied to endometrial damage repair. According to their differentiation potentials, stem cells are mainly classified as totipotent, pluripotent, multipotent, or unipotent (specialized). Pluripotent stem cells can be renewed and differentiated into many different cell types. Mesenchymal stem cells (MCSs) and hematopoietic stem cells, which are currently in wide use, are multipotent stem cells.



5.2.1 MSCs

MSCs, the most widely studied stem cells, have high self-renewal capacity and multilineage differentiation potential. MSCs derived from bone marrow are known as bone marrow-derived MSCs (BMDMSCs), those obtained and isolated from subcutaneous adipose tissue (e.g., from human thighs, abdominal wall) are known as adipose-derived stem cells (ADSCs), and adult stem cells isolated from menstruation tissues are known as menstrual-derived stem cells (MenSCs). Other types include umbilical cord-derived MSCs (UC-MSCs) and endometrial MSCs.



5.2.1.1 BMDMSCs

Many previous studies have confirmed the positive effects of BMDMSCs on endometrial diseases (47, 48). Cervello et al. found that BMDMSCs accumulated around small blood vessels in the injured endometrium and, through a paracrine manner, up-regulated platelet-responsive protein 1 and downregulated IGF-1 through paracrine means, ultimately leading to proliferation of epithelial glandular cells and thus endometrial thickening (49). By transplanting rat BMDMSCs, Wang et al. were able to perform endometrial repair on model heat-damaged endometrial injury, showing that BMDMSCs helped restore normal endometrial tissue structure, improved fertility, reduced the area of endometrial fibrosis, and improved endometrial tolerance (50).

Patel et al. (48) reported the case of a patient with TE who, despite several attempts at HRT treatment, had suboptimal EMT and failed subsequent IVF. This patient subsequently received BMDMSC therapy via uterine artery injections with interventional radiology, followed by HRT for 3 months, to improve the endometrium. This was followed by donor egg IVF, with EMT 7.1mm achieved before embryo transfer. Treatment outcome was successful conception and delivery of a 3.1 kg male infant without prenatal, intrapartum, or postpartum complications. In a prospective study of 36 patients, Natalya et al. showed significant EMT improvements in patients with TE who were treated with autologous BMDMSCs, demonstrating a good safety profile (51). Though current research favors BMDMSCs as a novel option for patients with Asherman syndrome and recalcitrant TE, it is worth noting that BMDMSC therapy requires bone marrow biopsy and subsequent cell sorting, as well as interventional radiation to gain small uterine artery access; these and other factors make this treatment expensive and potentially harmful. The differentiation ability of BMDMSCs is also related to patient age; thus, more research is needed to guide clinical practice and potential applications of this therapy.




5.2.1.2 MenSCs

MenSCs have multi-directional differentiation abilities. Due to the noninvasive process of obtaining them, the use of MenSCs to treat endometrial pathology has gradually attracted attention in recent years. One researcher collected menstruation tissue from patients with severe uterine cavity adhesions, cultured them in vitro to isolate these stem cells, and then reintroduced them into the uterine cavity. Seven cases were successfully isolated and reintroduced, and endometrial thickening to 7mm was observed in five of them; among these, one patient was naturally impregnated and four underwent subsequent frozen embryo transplantation, two of whom were successfully impregnated (52). This study suggests that MenSCs are helpful in the treatment of TE.

Further studies have investigated the mechanism of MenSCs in the treatment of TE and found that these cells stimulate the invasion and proliferation of EECs and regulate cytokines (53). Another animal experiment confirmed that human MenSCs differentiated into endometrial cells in vitro can rebuild endometrial tissue after induction with estrogen and progesterone in mice (54). Recently, researchers have converted MenSCs into decidualized stromal cells (DSCs), which are more secretory, and have demonstrated that DSCs promote the restoration of EMT and contribute to the production of glands and blood vessels (55). Currently, MenSC research focuses on animal experiments, but since MenSCs are derived from an individual’s own menstruation tissue, and their production is closely related to the endometrium, clinical application scenarios are worthy of further study. The limitation of this approach is mainly related to difficulty with implementation among amenorrheic women.




5.2.1.3 Adipose-derived stem cells and adipose-derived regenerative cells

ADSCs can be obtained and isolated from subcutaneous adipose tissue (e.g., from human thighs, abdominal wall). ADSCs have the ability of multidirectional differentiation, are relatively available and easy to obtain, have high proliferative activity in in vitro cultures, and have been applied to wound repair and skin tissue regeneration. Adipose-derived stromal vascular fraction (AD-SVF) was obtained by enzyme preparation and centrifugation, which contains adipose-derived MSCs, adipose stromal vasculature, and other components. Lee et al. extracted adipose tissue from one patient with severe Asherman syndrome, then injected their AD-SVF through the cervix into the patients’ uterus with subsequent hormone supplementation therapy, eventually observing a significant increase in EMT (56).

ADRCs were obtained by subcutaneous fat isolation and characterized by flow cytometry. Yotsumoto et al. found that ADRCs improved EMT, endometrial fibrosis, and embryo implantation, and increased VEGF expression in the mouse uterus (57). ADRCs may thus become an effective therapeutic strategy to improve fertility in women with TE.

Despite the additional cosmetic effects of liposuction, the overall cost of this treatment remains high, and its clinical efficacy has yet to be validated in trials with larger samples.




5.2.1.4 UC-MSCs

UC-MSCs are derived from discarded neonatal umbilical cord tissue, which are easy to culture in vitro, have the ability of multidirectional differentiation, and have been widely used in stem cell transplantation research because of their low immunogenicity, short proliferation cycle, and long survival time. Zhang et al. treated endometrial injury with single and multiple transplants of human UC-MSCs, finding that human UC-MSCs repaired damaged rat endometrium and improved fertility (58). Furthermore, UC-MSCs have been shown to restore EMT, attenuate endometrial injury-induced hyper fibrosis, promote blood vessel growth and endothelial cell proliferation, downregulate some pro-inflammatory factors, and upregulate some anti-inflammatory factors, which may help to restore uterine structure and function. Despite the advantages of this therapy, its clinical application remains controversial due to its allogenic origin. In a study of patients with uterine adhesions who underwent implantation of UC-MSCs and subsequent estrogen-progestin replacement therapy, endometrial thickening and improvement in uterine adhesions were found after three months, and DNA short tandem repeat analysis showed that no xenogenic nucleic acids were detected in the regenerated endometrial tissue (59).




5.2.1.5 Endometrial MSCs

Endometrial MCSs are thought to exhibit similar properties to BMDMSCs and are multipotent in their differentiation, with the ability to differentiate into fat, bone, cartilage, skeletal muscle, and smooth muscle (60, 61). Sapozhak et al. recently reported a case of autologous endometrial MSCs in a patient with TE and a history of previous miscarriages, which resulted in a live birth (62). After endometrial MSCs and subsequent hormonal supplementation, the patient’s EMT grew to 6.9mm; at the patient’s insistence, an embryo transfer was performed, and two weeks after the transfer her HCG was 4,795 IU/L. Four weeks after the transfer, an ultrasound confirmed a bi-chorionic twin pregnancy, which eventually resulted in the birth of a female infant. This study demonstrates that autologous endometrial MSCs can be effective for assisting in promoting EMT growth, and enabling live birth. However, as this is an isolated case, more clinical validation is needed.





5.2.2 Human embryonic stem cells

Human embryonic stem cells are a class of pluripotent cells. They originate from the cell mass within the blastocyst during embryonic development. Among the many stem cell types, these have the most comprehensive differentiation potential. Animal experiments have shown that when endometrial-like cells differentiated from human embryonic stem cells were inoculated into mice with endometrial damage, differentiated cells survived in the mouse uterus and the endometrial damage was repaired (63). Another animal experiment showed that some embryonic stem cells in the uterine cavity of mice after transplantation could form tumor-like swelling, and further observation of the uterus transplanted tumor-like tissue can be seen in cartilage, fat, and other tissues, suggesting potential tumor formation (64).

In sum, stem cell therapy is gradually being explored as a newer therapeutic mode if TE treatment. Cellular and animal experiments to date have shown better prospects for application, but clinical case reports and clinical trials with smaller samples are still insufficient to provide high-level evidence to support the efficacy and safety of this therapy. Additionally, there remain challenges to using stem cells for clinical treatment. For example, harvesting adult stem cells is painful and invasive, and cell expansion is expensive and time-consuming. In addition, endometrial stem cells have the potential to differentiate into endometrial pathologies like endometrial cancer and adenomyosis. The developmental risk of teratomas must also be considered with embryonic stem cell uses. The risk of immune rejection and other ethical issues clearly need to be carefully considered.




5.2.3 Extracellular vesicles and exosomes

EVs are membrane-bound vesicles found in biological fluids, which carry and transfer regulatory molecules such as microRNA and proteins, and may mediate intercellular communication between cells and tissues (65). According to the production mode, release pathway, content, and size of EVs, they can be divided into three categories: Exo, microvesicles (MVs), and apoptotic bodies. Exo are particles with a diameter of 40–60nm that originate from the multivesicular body. MVs have a diameter of 100–1000nm and are formed by the detachment of cell membranes. Apoptotic bodies, with a diameter of 1~5μm, are bubble-shaped bodies formed by the collapse of the cell membrane during programmed cell death, containing DNA material and organelles (66). EVs are produced in different tissues or cells such as endometrium, decidua, embryos, semen, and fallopian tubes during implantation windows. Increasing evidence suggests that EVs are important mediators of intercellular communication, so they play an important role in stem cell support, tissue repair, and immune regulation (67–69). Currently, more studies have focused on Exo, and it has been found that Exo play an important role in acrosome reaction, sperm capacitation, and embryo implantation.

Studies have shown that Exo can participate in cell regulation and physiological and pathological processes in a variety of ways (70). Stem cell-derived EVs/Exo can improve ER in certain pathological conditions. Among the various experiments carried out in this regard (71), Exo from adipose MCSs can improve EMT and glands, and increase pregnancy rates (72). Umbilical cord blood-derived mesenchymal stem cell Exo have been shown to promote epithelial repair and new blood vessel formation, improve endometrial proliferation, improve EMT and glands, and increase pregnancy rate (73, 74). Bone marrow mesenchymal stem cell-derived Exo can also promote endometrial repair (75). MVs secreted by amniotic MCSs have been shown to improve endometrial cell proliferation and anti-apoptosis in in vitro experiments (76). Human endometrial MSCs-derived EVs can promote endometrial angiogenesis, differentiation, and tissue remodeling (77). In addition, novel tissue engineering methods are also being explored, such as combining mesenchymal stem cell Exo with collagen scaffold to form a load, allowing Exo to be slowly released at the corresponding site to exert their effects (78). The combination of exosomes with collagen scaffolds enables structural and functional reconstruction of the endometrium to support implantation and development of embryos in vivo.

Current stem cell therapy limitations include the abovementioned immune problems, ethical issues, tumorigenicity, and the low retention rate of stem cells at the transplant site caused by the shape of the uterus. As a cell-free therapy strategy instead of live cell transplantation, the EVs/Exo of MSCs have relatively higher biological stability and more easily penetrate tissues.





5.3 Intrauterine growth factor-granulocyte colony-stimulating factor infusion

G-CSF is a glycoprotein that acts primarily on neutrophils to promote their value-addition, differentiation, and activation. In the field of reproduction, G-CSF has been found to be involved in follicular growth and development, ovulation, and pregnancy, and has a bidirectional regulatory role in maternal–embryonic exchange.

G-CSF significantly increases EMT in TE rats and may improve endometrial tolerance by stimulating endometrial proliferation and neovascularization (79, 80).

In terms of clinical studies, a study by Gleicher found that four patients with TE previously refractory to estrogen and vasodilator therapy had endometrium that was successfully dilated to at least a minimum thickness of 7 mm after G-CSF infusion, and all four patients also became pregnant (81). Lian found, in a retrospective cohort study of 271 infertile patients with TE, that G-CSF intrauterine infusion could significantly increase EMT in a patient population (82).

However, a retrospective study conducted by Jiang found that when G-CSF was used in group 1 via intracavernous infusion and GH was injected subcutaneously in group 2, the EMT was thinner in the G-CSF group than in the GH group (83).

Overall G-CSF has a favorable effect on endometrial thickening, but the overall sample size of clinical studies is small and larger trials are still needed to validate this.




5.4 Autologous platelet-rich plasma

PRP, defined as “the plasma component of autologous blood in which the platelet concentration is four to five times the normal level”, is obtained by centrifugation of autologous peripheral venous blood. Currently, the preparation of second-generation PRP has replaced first-generation PRP (84). Second-generation PRP, also known as leukocyte-rich platelet fibrin, differs from first-generation PRP in that it contains a different proportion of cellular components and a different fibrin architecture, and therefore exerts a higher biological effect, is richer in fibrinogen, and has a longer-lasting effect (85). PRP was originally studied in trauma repair in the 1970s (86), and has been widely used in plastic surgery, including for traumatic scar repair, hair regrowth, and free skin grafting, and in dermatology for the treatment of alopecia and difficult-to-heal wounds (87–89). PRP’s medical value and biosafety have been clinically recognized and verified, but its application in obstetrics and gynecology is still at the beginning stage. Most current studies show that PRP can improve pregnancy outcomes in TE, and a small number of studies suggest that PRP’s effect in improving TE is non-obvious. The common administration methods include drip injection at endometrial group nodes under hysteroscopy, injection of the drug into the endometrium through an endoscopic needle under hysteroscopic visualization, and drip/perfusion through a uterine catheter. The number of injections varied from 1–3 and time spacing.

Results from a prospective cohort study showed that transuterine catheter injection of PRP on day 10 of the HRT cycle, and on the day of progesterone administration are both effective for improving EMT, increasing CPR and embryo IR, and reducing cycle cancellation rate (90). Other retrospective and open-label randomized controlled studies support the conclusion that PRP increases EMT, and improves pregnancy and LBRs after intrauterine instillation (91, 92).

In an in vitro test by Yang et al. on the effects of PRP on the proliferation of endometrial mesenchymal cells, the content of platelet factor PDGF-AB in umbilical cord venous blood of neonates at 37–41 weeks was higher than that in peripheral venous blood of pregnant women at the same gestational week. They also showed that low concentrations of PRP could stimulate cell proliferation and migration in a dose-dependent pattern, and that over a certain concentration range cell proliferation was inhibited and was strongest in the case of the 2% PRP dosage (93, 94). Therefore, the dose concentration of PRP is closely related to its clinical efficacy, suggesting that it is clinically significant to find the most suitable concentration of PRP applied for uterine perfusion.

In terms of possible mechanisms, PRP plays a key role in cell proliferation, regeneration, and differentiation because it contains various growth factors. These growth factors, such as VEGF, PDGF, EGF, TGF, IGF1, and other cytokines, are released by platelet activation at sites of injury or inflammation. Among these growth factors, VEGF is responsible for vascularization. PRP stimulates the proliferation of different endometrial cells, including epithelial cells, endometrial stromal fibroblasts, and endometrial mesenchymal stem/progenitor cells. In experiments, the addition of PRP significantly increased cell proliferation in the human endometrial stromal cell line (i.e., ICE7). Similarly, a replicative effect was observed when primary stromal cells were used. Furthermore, after PRP application, higher levels of Hoxa10, a major endometrial tolerance marker, were detected in the endometrium. This indicates the potential impact of PRP on endometrial tolerance.




5.5 Complementary and alternative therapies

A meta-study demonstrated that Jin Feng Wan is effective in improving the clinical symptoms of thin endometrial infertility, increasing pregnancy rate, decreasing miscarriage rate, and improving EMT; however, a small number of articles was included, their quality was poor, and the level of evidence was low (95). Ding Kun Dan in combination with estradiol valerate improves endometrial tolerance by up-regulating β-linker protein and VEGF mRNA expression and down-regulating MMP-9 mRNA expression in rats with endometrial injury (96). An animal study by Yin et al. showed that a combination regimen of kidney tonic, blood-boosting tonic, and estradiol valerate significantly improved the pregnancy rates in female rats with TE and ovulation disorders, and in female rats with thin endometrial ovulation disorders (97). The treatment was accompanied by a significant increase in EMT and a decrease in the uterine artery pulsatility index (PI) and endometrial resistance index (RI).

The effects of acupuncture on endometrial tolerance and thickness have been confirmed by a randomized controlled trial (98). This study showed that endovascular therapy combined with acupuncture significantly increased EMT and decreased bilateral uterine artery PI, uterine RI, and peak systolic/diastolic velocities. It also up-regulated the HOXA10 protein expression and mRNA in endometrial tissues, and increased the rate of embryo implantation and clinical pregnancy in patients with TE. This may be related to AMPK/mTOR signaling pathway modulation, down-regulation of AMPK gene and protein expression, and up-regulation of mTOR gene and protein expression by intracavitary physiotherapy combined with acupuncture.

Massage also improves EMT and blood flow. Shen et al. randomized patients prepared for FET into a study or control group. Hormone supplementation was used in both groups, and pelvic floor muscle massage was added to the treatment group (99); the treatment group experienced improved EMT and sub-endometrial blood flow, which in turn improved pregnancy rates in that group.

The detailed effects of various treatment methods are described in Table 1.


Table 1 | Treatment of thin endometrium in different ways and their effects.







6 Conclusion

The endometrium plays a crucial role in embryo implantation. TE reduces endometrial tolerance, which in turn affects embryo implantation and development, leading to pregnancy failure. In ART, poor pregnancy outcomes in patients with TE are a major clinical challenge. In most patients, TE is associated with medical factors like previous uterine operations. This requires obstetricians and gynecologists to focus on the concept of primary endometrial prevention while researching and formulating clinical treatment plans, avoiding unnecessary uterine operations, and reducing the occurrence of medically-related TE at the source. TE can currently be treated through clinical measures ranging from hormone therapy, medication to improve endometrial blood flow, to regenerative medicine therapy to promote endometrial proliferation, traditional Chinese medicine alternative therapy and other adjuvant therapies. Nevertheless, pregnancy outcomes among patients with TE remain unsatisfactory. When the effect of single treatment is inadequate, a combination of multiple treatment methods has been tried; however, most therapies lack a large-sample evidence base. Thus, more high-quality large-sample clinical studies, with experimental designs, are needed to investigate these molecular mechanisms. We expect these to lead to methods that improve pregnancy outcomes among patients with TE, including increased pregnancy rate and LBR.
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