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Abstract

:

Around 1–5% of all couples experience recurrent pregnancy loss (RPL). Established risk factors include anatomical, genetic, endocrine, and hemostatic alterations. With around 50% of idiopathic cases, immunological risk factors are getting into the scientific focus, however international guidelines hardly take them into account. Within this review, the current state of immunological risk factors in RPL in international guidelines of the European Society of Reproduction and Embryology (ESHRE), American Society of Reproductive Medicine (ASRM), German/Austrian/Swiss Society of Obstetrics and Gynecology (DGGG/OEGGG/SGGG) and the Royal College of Obstetricians and Gynecologists (RCOG) are evaluated. Special attention was drawn to recommendations in the guidelines regarding diagnostic factors such as autoantibodies, natural killer cells, regulatory T cells, dendritic cells, plasma cells, and human leukocyte antigen system (HLA)-sharing as well as treatment options such as corticosteroids, intralipids, intravenous immunoglobulins, aspirin and heparin in RPL. Finally, the current state of the art focusing on both diagnostic and therapeutic options was summarized.
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1. Introduction


The WHO defines recurrent pregnancy loss (RPL) as 3 or more consecutive pregnancy losses before the 20th week of pregnancy, while the American Society for Reproductive Medicine (ASRM) defines RPL after two pregnancy losses with clinical evidence of pregnancy (sonographic or histopathological evidence of pregnancy) [1,2]. About 1–5% of couples are affected by RPL, with significant consequences concerning their partnership and quality of life [3]. In the last years, the European Society of Reproduction and Embryology (ESHRE) [4], ASRM [5], German/Austrian/Swiss Society of Obstetrics and Gynecology (DGGG/OEGGG/SGGG) [6] and the Royal College of Obstetricians and Gynecologists (RCOG) [7] have developed guidelines to define a diagnostic and therapeutic work-up in RPL patients. In detail, the guidelines were published between 2011 and 2018. The RCOG recommendations from 2011 were updated in 2014 and 2017, the ARSM expert letter was updated in 2012. The ESHRE guideline was published in 2017. The first version of the DGGG/OEGGG/SGGG guideline was published in 2006, updated in 2013, and upgraded to a higher evidence-level (S2k) in 2018 and is currently under review. However, the diagnostic and therapeutic recommendations differ considerably—already regarding the definition of RPL.



All guidelines define several established risk factors for RPL: parental genetic disorders, uterine anatomical malformations, endocrine dysfunction, and hemostatic disorders [4,5,6,8].



However, regarding immunological disorders, RPL patients are currently only screened for an antiphospholipid syndrome, as recommended by all guidelines although after standardized diagnostic including all mentioned risk factors, 50% of RPL cases continue to remain elusive.



Today it is well known that the maternal immune system is not ignorant of the fetus, but it recognizes and responds to antigens from the developing embryo. Therefore, establishing the appropriate maternal tolerance towards the embryo is crucial for securing implantation and a successful pregnancy. Nevertheless, the exact mechanisms governing the physiology of tolerance at the feto-maternal interface remain poorly understood. Using several diagnostic methods, studies described immunological parameters that differ between RPL patients and healthy women, including: uterine and peripheral blood natural killer cells (uNK, pNK cells) [9,10,11,12], regulatory T-cells (Tregs) [13,14], and the human leukocyte antigen (HLA) profiling of affected couples [15]. While previous reviews compared the RCOG, ASRM, and ESHRE guidelines in general [16,17], this review aims to discuss current data on immunological disorders in RPL patients and to put them into perspective with current guidelines on RPL. Therefore, we comment on the above-mentioned guidelines with regard to recommended immunological diagnostics and therapies and provide an overview on the currently most promising immune alterations in RPL, such as auto-antibodies, NK-cells, Treg, dendritic cells (DC), plasma cells, as well as HLA and their therapeutic options. Furthermore, we finally summarize the current state of the art concerning diagnostic and therapy of immunologic risk factors in RPL.




2. Autoimmunity


An overview of autoimmune risk factors mentioned in the different guidelines is summarized in Table 1. Table 2 shows the autoimmune risk factors that according to the current state of the art should be evaluated.



2.1. Antinuclear Antibodies


There is no conclusive opinion on the clinical impact of antinuclear antibodies (ANA) in RPL: currently, no international guideline recommends routine testing for ANA, only the ESHRE guideline considers testing for explanatory purpose. There are four possible mechanisms that ANA might be involved in the pathogenesis of RPL: (1) A reduced oocyte quality and embryo development [18,19], (2) the activation of an intraplacental complement cascade [20], (3) the deposition of immune-complexes in placental tissue [20,21], and (4) the activation of plasmacytoid dendritic cell resulting in an increased production of inflammatory cytokines [22]. Previous studies showed both, increased as well as normal titres of ANA in RPL in comparison to controls [23,24]. Recently, a meta-analysis including 21 studies on ANA in RPL, reported a significantly higher rate of elevated ANA titres in RPL patients (22%) compared to controls (8.3%) as well as a significant association between positive ANA and a risk for RPL [25]. Especially with high titres (≥1:80; ≥1:160) or a homogenous ANA pattern, the association was more evident. Therefore, the best predictive cut-off level for ANAs in RPL patients remains to be defined [23,26,27]. The guideline of the DGGG/SGGG/OEGGG states, that if elevated ANA titres (referred to as “above lab reference range”) are diagnosed in RPL patients, the antibodies should be further differentiated (SS-A/RO and SS-B/lupus anticoagulant (LAC)antibodies) to rule out a Sjögren’s syndrome or lupus erythematosus (as a neonatal lupus syndrome could lead to a fetal AV block). As mentioned in Table 2 we recommend using 1:160 as a cut-off level for “elevated” ANA and for detailed analysis (further differentiation).




2.2. Antiphospholipid Syndrome


An anti-phospholipid syndrome (APLS) occurs in 5–20% of RPL patients and includes the definition of RPL already in its diagnostic criteria [28]. Recent studies indicate that the incidence of an APLS in RPL might be overestimated [29]. To diagnose an APLS, anti-phospholipid antibodies (anti-cardiolipin (ACA), LAC or anti-β 2-glycoprotein-1 (ß2GP) antibodies) must be detected twice in medium to high titres at an interval of 12 weeks. Furthermore, clinical criteria such as venous or arterial thrombosis, ≥3 pregnancy losses before the 10th week of pregnancy, ≥1 late pregnancy loss, or premature birth at <34 week of pregnancy due to placental insufficiency or preeclampsia must be present [30]. Obstetric anti-phospholipid syndrome (OAPLS) is considered to comprise the obstetric APLS criteria without previously presenting thrombotic episodes [31,32], as obstetric complications are one of the major manifestations in APLS. However, as many RPL patients fail to fulfill the diagnostic criteria, a non-criteria OAPLS (NC-OAPLS) is described [33,34,35]. To diagnose a NC-OAPLS (1) the combination of non-criteria clinical manifestations, such as late pre-eclampsia or two unexplained miscarriages, with international consensus laboratory criteria or (2) international consensus clinical criteria with a non-criteria laboratory manifestation, such as low positive ACA/ß2GP need to be present [35].



Recently, clinical and laboratory differences were shown between OAPLS and NC-OAPLS patients: double or triple positivity for anti-phospholipid antibodies were significantly more present in OAPLS patients, while single positivity was more frequent in NC-OAPLS RPL patients [36]. Although the fetal-maternal outcome was similar when treated, obstetric outcomes differ between both groups: OAPLS patients showed occurrence of one miscarriage, fetal loss, and stillbirth more often, while in NC-OAPLS patients ≥1 miscarriage was more frequent [36].



The higher risk for RPL in patients with an APLS is discussed to be due to an elevated risk of placental micro-thrombosis, as well as direct effects of the auto-antibodies on the trophoblast itself [37]. Besides the anti-phospholipid antibody-mediated hypercoagulable state, there is evidence for a more inflammatory cause in OAPLS: A complement activation resulting in a neutrophil and monocyte activation with release of reactive oxygen species, TNF-α, anti-angiogenic factors, and tissue factor is considered to lead to fetal injury and placental insufficiency [38,39]. A review of histopathologic alterations in placentae of women with APL antibodies showed a higher prevalence of placental infarction and decidual inflammation but fewer thrombotic signs such as arthrosis or intraluminal thrombosis [40]. If left untreated, an APLS results in a pregnancy loss in 50–90% of the cases, while live birth rates (LBR) of around 70% have been described with adequate treatment [41].



All guidelines recommend testing for IgG/IgM ACA, LAC; however, only the ESHRE, DGGG/OEGGG/SGGG, and ASRM recommend screening for ß2GP antibodies. In accordance with the DGGG/OEGGG/SGGG a “non-criteria APLS” should also be considered if clinical manifestations are present. These imply renal microangiopathy, neurological disorders, cardiac manifestations, or ulcerations of the skin, while at the same time the diagnostic criteria of an APLS are not fully met (e.g., 2 pregnancy losses or antibody titres in the lower range) (Table 2) [42].




2.3. Thyroid-Antibodies


Thyroid autoimmunity is associated with adverse pregnancy outcomes such as preterm delivery and pregnancy loss, as well as infertility [43]. The most common antibodies associated with RPL are anti-thyroid-peroxidase (anti-TPO) and anti-thyroglobulin (anti-TG) [44,45]. Two meta-analyses could associate thyroid autoimmunity with pregnancy loss and/or RPL [46,47]. However, later studies in RPL and IVF/ICSI patients did not confirm these associations [48,49]. Recently, in a large cohort of women with unexplained RPL (n = 825, with n = 139 being anti-TPO positive), a positive TPO antibody was predictive for a reduced LBR rate. Therapy with thyroxine increases LBR and thus supports the recommendation for screening for thyroid disorders [50]. As TPO antibodies are correlated with a two-fold increased risk of progression of subclinical hypothyroidism, biochemically defined as elevated thyroid-stimulating hormone (TSH) combined with normal thyroxine (T4) level, subclinical hypothyroidism can be seen as a mild form of thyroid failure caused by an autoimmune thyroid disorder [51,52].



The guidelines confirm the association of thyroid dysfunction and the risk of miscarriage and recommend screening for thyroid disorders and thyroid autoantibodies. The guideline of the ASRM, as well as the DGGG/OEGGG/SGGG and ESHRE, indicate an emerging consensus that TSH values >2.5 mU/L, should be considered as an abnormal result in RPL patients [5] (Table 2).





3. Alloimmunity


The alloimmune risk factors mentioned in the different guidelines are summarized in Table 1. Table 2 shows the suggested immunological diagnostics, that should be performed as current state of the art.



3.1. Natural Killer Cells


Natural killer (NK) cells belong to the innate immune system and are characterized by the expression of the surface marker CD56 [53]. Concerning reproductive immunology, two populations of NK cells are of special interest: peripheral NK cells (pNK, CD56dimCD16bright) and uterine NK cells (uNK, CD56brightCD16dim). PNK cells show a strong cytotoxic activity with antiviral and antineoplastic effects, whereas uNK cells are less cytotoxic and show a stronger immunomodulatory function than pNK cells [9,11]. UNK cells play an important role in trophoblast invasion and angiogenesis and represent about 70% of immune cells at the feto-maternal interface [54].



Due to controversial scientific evidence, there is no consensus for an explicit recommendation on analyzing pNK/uNK cells as well as testing NK cytotoxicity or NK activation so far [55]. Only the DGGG/OEGGG/SGGG recommends testing in case of pre-existing autoimmune disorders—that are not further defined. However, there is increasing evidence that NK cells may contribute to RPL [56]. A majority of studies, including one large meta-analysis, have shown increased levels of pNK cells in patients with RPL compared to healthy controls [9,56,57,58]. Furthermore, several studies emphasized the impact of previous live births on pNK concentrations as there is evidence of a different immune regulation regarding primary RPL (pRPL, patients that experienced no live birth yet) and secondary RPL patients (sRPL, patients with at least one live birth before the RPL) [59,60,61].



However, not only changes in the number of cells but also NK cell cytotoxic activity is being discussed to contribute to the pathophysiology of RPL [62]. Several studies report higher NK cytotoxicity in RPL patients before [63,64] and during [65,66,67] pregnancy as well as in pRPL patients [60]. However, a more recent study could not confirm the predictive value of pre-conceptional pNK cell activity in RPL patients [68]. In 2019, Sokolov et al. [69] emphasized that NK cell cytotoxic activity varies during the menstrual cycle that could explain certain alterations in previous studies.



UNK cells are likely to be more significantly involved in the process of embryo implantation than pNK cells [9]. So far, controversial results on uNK cells between women with RPL and controls have been reported [70,71,72]. Recently, increased numbers were shown particularly in patients with idiopathic RPL [57,73]. These differences may be due to lack of standardized uNK diagnostic (immunohistochemistry vs. flow cytometry), counting method (mm2 vs. percentages of stroma cells) as well as the establishment of a reference range in a fertile population [57,70,72,74,75].




3.2. Dendritic Cells


DC are controllers of the immune system by promoting not only the pro-inflammatory but also the tolerant/anti-inflammatory side of immune responses. Further, they are the only immune cells capable of activating naïve T-cells [76]. Due to these unique features, DCs are considered to be involved in the establishment of maternal tolerance during pregnancy. Moreover, silencing and establishment of tolerance go along with induction of Treg. Both Treg and DC are involved in the implantation process and maintenance of pregnancy [77,78]. Although DC comprises only approximately 1–2% of leukocytes in the endometrium, they have been shown to be key players in the human decidua [79]. Furthermore, most of the decidual DC in early pregnancy are found to be immature [80] and their presence in large numbers have been associated with the establishment of a healthy pregnancy [81]. In addition, inoculation by intravenous injection of syngeneic bone marrow-derived DC dramatically reduced the rate of spontaneous miscarriages (from 23.8% to 2.2%) in the murine abortion prone model CBA/J × DBA/2J [82].



ILT-4, a member of the immunoglobulin (Ig) gene superfamily, binds to HLA-G expressed on trophoblasts and involved in the contribution of immune tolerance at the feto-maternal interface. Recently, tolerized ILT-4 expressing DC have been found to be diminished peripheral blood and endometrial biopsies of patients with RPL [83]. The lower number of ILT-4 expressing DC correlated with a decreased number of Treg indicating a loss of tolerance induction in these patients. In contrast, large numbers of mature CD83+ DC might have a negative impact on implantation in RPL patients [82,83]. However, as the role of DC in RPL remains elusive, no guideline currently recommends analyzing DC.




3.3. Plasma Cells


Plasma cells (PC) develop from antigen-activated B-cells and secrete large quantities of antibodies in response to this antigen. A chronic inflammation of the endometrium (chronic endometritis, CE) is characterized by the presence of PC in the endometrial tissue. Plasma cells can be detected via immunohistochemistry using syndecan-1 (CD138) [84,85]. Irregular bleeding, pelvic pain, or dyspareunia can be symptoms of CE; however, in most cases, patients with a CE remain asymptomatic. CE could further negatively impact reproduction by altering uterine contractility, vascularization, decidualization, and autophagy [86]. Still, the cut-off level of CD138+ PC within the endometrium remains unclear. A wide range of diagnostic criteria is currently used: ≥1 PC/high power field (hpf), ≥1/section, ≥5/hpf, ≥1/10 hpf, ≥5/20 hpf, etc. [87]. Furthermore, there is no consensus on the timing of the biopsy within the menstrual cycle. While Kitaya et al. found no difference in identifying CE during the menstrual cycle [88], some studies showed a higher prevalence of CE in the proliferative phase compared to the secretory phase [89,90,91]. The underlying pathophysiological mechanism is likely to be an inflammatory reaction, which leads to an altered cytokine secretion [86,92]. CD68+ macrophages, CD83+ DC, CD8+ T cells, FOXp3+ Tregs [93], as well as uNK have shown to be elevated in CE [26]. CE can be identified in up to 58% of women suffering from RPL; however, more recent studies indicate a prevalence of around 10–20% [85,94,95]. The ESHRE guideline mentions CE; however, the authors conclude, that further research is needed before routine testing of RPL patients or treatment. The only guideline which recommends PC testing is the DGGG/OEGGG/SGGG guideline: in women with RPL, a biopsy of the endometrium can be performed to exclude a CE, and in the case of a CE, treatment with antibiotics can be recommended. Neither within the RCOG nor the ASRM guideline CE or PC are mentioned.



Since the stated inflammation is mainly caused by different bacteria [94], antibiotic treatment seems obvious. There has been no consensus on the possible treatment regime. However, a benefit of longer antibiotic courses was demonstrated [87]. First-line therapy with doxycycline for 14–21 days is a promising approach with cure-rates of up to 95% [96,97,98]. Still, a test of cure by performing a re-biopsy should be performed after completion. Second-line therapy with metronidazole and ciprofloxacin resulted in an overall cure rate of 99% in a study with patients suffering from recurrent implantation failure (RIF) [96].




3.4. Regulatory T-Cells


CD4+CD25+FoxP3+ regulatory T-cells (Tregs), a unique subpopulation of T-cells, play a crucial role in tolerance and prevention of autoimmunity and the success of allogeneic organ transplantations [99,100,101,102,103,104,105,106]. In pregnancy, Tregs are essential in tolerizing the maternal immune system towards the semi-allogeneic embryo. The modulation is either mediated via cell-to-cell contact or by secretion of immunosuppressive cytokines such as IL-10 and TGF-beta [107,108,109,110,111]. In humans, peripheral Tregs increase at the time of implantation and in early pregnancy, reaching peak levels in the second trimester and then decrease again after delivery [112,113,114,115].



Studies indicate lower peripheral and uterine Tregs in patients with RPL compared to healthy controls [116,117], which was recently confirmed in a large systematic review including 18 studies [118]. Besides RPL, maldistribution and functional impairment of Tregs have also been described in RIF and preeclampsia [119], highlighting their role in the earliest stages of pregnancy and placenta development. Mice, having a depletion of Tregs, showed a significant defect in implantation, which was reversed after an adoptive transfer of Tregs [120]. There is increasing evidence that pregnancy-associated hormones such as human chorionic gonadotropin are essential for immune balance in pregnancy, which is exerted, at least partly, by the expansion of Tregs [119].



Although it is not recommended in any guideline, analysis of Tregs might serve as potential targets for immunomodulatory treatments applied in randomized clinical trials.





4. Human Leukocyte Antigen System


A large number of genes located on chromosome 6 encodes the HLA. These genes are characterized by a broad polymorphism, which means that the HLA molecules of two people only match in a few places. A distinction is made between HLA class I (HLA A-G antigens) and HLA class II regions (HLA DR, DQ, and DP antigens) [121]. While a high level of HLA-sharing is a prerequisite for the immunological acceptance of allo-transplants, this does not seem to apply to the immunological interaction between the embryo and the mother. It is discussed that HLA-sharing impairs the maternal immune response that is necessary for implantation [122]. Further, it was shown that pregnancy losses occur more frequently when there is a match (sharing) in the HLA-C groups [123]. Increased frequencies of identical HLA-A and HLA-B alleles were associated with higher rates of RPL [124]. However, a large case-control study could not identify higher HLA-sharing in RPL couples [125]. Current guidelines do not recommend testing for HLA sharing.



Besides HLA-sharing, there is evidence that the functional outcome such as successful placentation depends on the interaction of the highly variable maternal killer immunoglobulin-like receptors (KIR) and fetal HLA-C genes [126,127,128]. HLA-C molecules can be divided into (1) HLA-C C1 acting as ligands for inhibitory KIRs, such as KIR2DL2/3 and (2) HLA-C C2 binding activating KIRs such as KIR2DL1 or KIR2DS1 [129]. Further, the maternal KIR genotypes can be categorized into type AA, resulting in a primarily inhibitory KIR-mediated NK cell response and type AB/BB holding multiple activating KIRs [15,130,131]. In women with pre-eclampsia as well as in RPL patients a certain combination of maternal genotype AA and increased parental HLA-C C2 molecules were detected, highlighting the genetic risk factor and the crucial balance of NK cell inhibition and activation for successful placentation [15,132]. Recently, a study suggested decreased HLA-C C1 ligands for KIR2DL2 result in an insufficient inhibition of NK cells and thereby contributing to RPL [130].



Within a cohort study sRPL occurs was more frequent in women with a first-born boy (adjusted OR 0.37; 95% CI 0.2–0.7) [133]. A following, prospective study (n = 358 sRPL patients) could identify the HLA class II alleles DRB1*15:01; −DQB1*05:01/05:02 and −DRB3*03:01 to be more prevalent in Scandinavian patients with a first-born boy that showed a lower LBR [134]. Based on this data, the ESHRE guideline states, that “HLA-DRB1*15:01 and HLA-DQB1*05:01/05:2 testing could be considered in Scandinavian women with sRPL after the birth of a boy, for prognostic purposes.




5. Therapeutic Options


We included an overview of the therapeutic options mentioned in the different guidelines in Table 3. Table 4 shows the suggested immunological therapies, that should be performed as current state of the art.



5.1. Corticosteroids


The supposed mechanism of action of corticosteroid-therapy in RPL is through promotion of the establishment of early pregnancy by suppression of uNK cells and improvement of trophoblast proliferation and invasion [136]. In the treatment of APLS, corticosteroids did not show a benefit, neither compared to aspirin, nor in combination with aspirin and heparin [137] with regard to live birth rate (LBR).



Glucocorticoid therapy on cycle days 1–21 in RPL patients with an increased uNK cell count significantly reduced the uNK levels [138]. However, other studies could only partially confirm these results, although some reported higher LBR in RPL patients treated with prednisolone [139,140,141]. Prednisolone treatment in patients with idiopathic RPL and elevated uNK cell numbers improved LBR as compared to controls (60% vs. 40%); however, the study population was very small (n = 20 patients vs. n = 20 controls) [140]. Still, due to adverse events and side effects of prednisolone, such as a higher risk of diabetes and hypertension in pregnancy and a significantly higher risk of preterm birth [142], the guidelines do not recommend the use of prednisolone until further studies are available. However, the use of corticosteroids can be reconsidered as there seems to be a dose-dependent effect, with adverse effects being less frequent in the case of a lower dosage of prednisolone (≤10 mg/kg daily) [143,144]. Recently, a study comparing the risk of preterm birth in patients with rheumatoid arthritis when treated with different dosages of prednisone showed an association between high dosage (≥10 mg/kg daily) and preterm birth, while lower doses (≤10 mg/kg daily) were not associated with preterm birth [145]. The DGGG/OEGGG/SGGG guideline suggests the therapeutic use of corticosteroids only for patients with preexisting auto-immune diseases. Just as with the ESHRE guideline, it points out the possibility of significant adverse events associated with the use of corticosteroids during pregnancy [146,147]. The need of further placebo-controlled randomized trials to identify specific risk factors is emphasized. The authors of the ASRM committee opinion and the RCOG guideline are in line and do not recommend the use of corticosteroids.




5.2. Intralipids


Intralipid, a 20% sterile fat emulsion containing soybean oil, phospholipids, glycerin, and water is suggested to be capable of modulating immune response by decreasing NK cytotoxicity, possibly mediated through short fatty acids, and inhibiting pro-inflammatory mediators, particularly Th1 cells [148,149]. However, the use of intralipid as an affordable and low-risk therapy strategy, its impact on LBR and implantation rate has not been consistently evaluated [150]. So far, only the DGGG/OEGGG/SGGG guideline considers intralipid as therapeutic options in RPL—however, not outside of clinical studies.



Several studies indicate a higher LBR in women with RPL treated with intralipid compared to those treated with IVIG [151,152]. However, Intralipid therapy has been investigated especially in women displaying elevated pNK cells and NK cytotoxicity: A recent meta-analysis including 3 studies reported higher LBR in women with elevated pNK cells (>20%, >12%, >19%) receiving intralipids compared to RPL patients without treatment (OR: 1.7; CI 95%; p = 0.02) [153]. This highlights the need to identify the patients most likely responding to an intralipid treatment [151,154]. However, not all studies could confirm the improvement on pregnancy outcomes in RPL patients by administering intralipids [150]. Still, comparing previous studies proves to be complex due to different outcomes such as LBR, clinical pregnancy rate, implantation rate, and various investigated groups (RPL, RIF, idiopathic, non-idiopathic, with or without biomarkers). Concerning safety, several studies and reviews observed no concerns [57,151,152,154,155].




5.3. IVIG


Nine randomized placebo-controlled trials and five randomized controlled treatment trials (RCTs) investigating intravenous immunoglobulin (IVIG) efficacy in women with RPL have been published with conflicting results [156,157,158,159,160,161,162,163,164,165,166]. In 2014, a Cochrane systematic review and meta-analysis found no significant beneficial effect of IVIG over placebo in improving the LBR in RPL patients [167]. Egerup et al. confirmed the results by the Cochrane analysis, but subgroup analysis showed that women with sRPL were more likely to obtain a potential beneficial effect from IVIG (RR for no live birth 0.77, 95% CI 0.58–1.02, p = 0.06) [168]. However, the same authors performed the so far largest trial on IVIG in sRPL patients and could not show an increase in LBR in sRPL patients treated with IVIG when compared to placebo [164].



Due to the controversial data on IVIG in RPL, no guideline recommends IVIG treatment in RPL. However, the ESHRE guideline comments extensively on this therapeutic option, expressing the need for further RCTs focusing on sRPL patients.




5.4. LMWH/ASS


There has been no proven effect of LDA or heparin on pregnancy rate for ANA-positive women [142,169].



All guidelines recommend treating APLS by administering LDA (75–100 mg daily) in combination with unfractionated/ low-molecular-weight heparin. Only the DGGG/OEGGG/SGGG and the ESHRE specify the beginning of the therapy: the heparin therapy should start with a positive pregnancy test. LDA treatment can start before conception according to the ESHRE, whereas starting with a positive pregnancy test is supported by the DGGG/OEGGG/SGGG. The latter also determines the end of therapy: LDA should be administered until gestational week 34+0, while heparin should be administered for up to six weeks post-partum. This also applies to “non-criteria” APLS, which is not mentioned in other guidelines. However, other publications question this strategy, as well as the cessation of therapy in gestational week 34+0, and suggest an even longer therapy. A recent study could show that the incidence of pregnancy loss in women with NC APLS was significantly lower in the group treated with low-molecular-weight heparin (LMWH) and low dose aspirin (LDA) compared to LDA alone, whereas a Cochrane review from 2020 concluded that heparin in combination with LDA may increase LBR, but further research is needed [36,170,171]. The European League Against Rheumatism (EULAR) differentiates the administration of LDA and/or heparin between OAPLS, NC-OAPLS, and thrombotic APLS: (1) Thrombotic APLS is recommended to be treated with LDA and heparin in therapeutic dosage during pregnancy; (2) if recurrent pregnancy complications occur in patients with OAPLS, increasing heparin to therapeutic dosage or addition of low dose prednisolone or hydroxychloroquine in the first trimester could be considered; (3) during pregnancy, treatment with LDA alone or in combination with heparin depending on the individual risk profile is recommended in patients with NC-OAPLS [135].



However, in 10–15% of OAPLS patients, a so-called refractory OAPLS occurs, characterized by persisting of poor obstetric outcome despite treatment and a higher rate of triple positivity as well as LAC compared to OAPLS [143,172]. In these patients, additional steroids, hydroxychloroquine, and TNF alpha-blocker in addition to LDA and LMWH treatment seem to be useful as a higher LBR has been described [143,173].




5.5. Further Immunotherapies


Several other potential immunotherapies, hardly mentioned in the guidelines such as TNF-blocker, lymphocyte immunotherapy (LIT), or granulocyte-colony-stimulating-factor (G-CSF) are in a debate to enhance LBR; however, the absence of standardized procedures to detect immunological disorders and small sample sizes impede the finding of evidence-based treatment options [9,174].



Within the therapy of LIT, several mechanisms, such as the production of anti-paternal antibodies, are suggested to promote a favorable immune environment for embryo implantation [175,176]. A meta-analysis reported a beneficial effect in RPL patients treated with LIT with a significant improvement in the LBR. Respecting safety, the authors conclude LIT as a valid treatment for idiopathic RPL patients, while a recently published study highlights the risk of an iatrogenic autoimmune disorder induced by preconceptional LIT therapy [175,177].



TNF-alpha blockers are used to decrease inflammation and therefore are suggested to be useful in patients with APLS-related RPL [178,179]. Especially in women with elevated Th1/Th2 profile high-potency TNF blockers such as adalimumab and etanercept in combination with LMWH showed a significantly higher LBR [180]. Alijotas-Reig et al. (2017) concluded that a theoretical potential of low embryo-fetal toxicity cannot be ruled out, although neither maternal nor fetal major adverse reactions have been reported so far.



Several studies reported a higher LBR in patients with unexplained RPL when treated with G-CSF compared to RPL patients receiving placebo caused by a rise of Treg cell concentrations and a reduction of NK-cell cytotoxicity [181,182,183,184]. However, a recent randomized controlled trial including 150 patients with unexplained RPL could not confirm the efficacy of recombinant human G-CSF [185].





6. Discussion


The treatment of couples with RPL confronts the physician with several challenges. A structured and standardized diagnostic procedure is mandatory to explain the scope of the diagnostics performed that, in the further course lead, to targeted therapies. However, different guideline recommendations obscure such clear strategies. After all, the timing to initiate diagnostic procedures differs significantly between different guidelines. As stated in the recommendation of the ASRM, diagnostics of the most common causes seems justified after two consecutive clinical pregnancies. The guideline of the ESHRE does also include two non-consecutive losses, whereas the RCOG and DGGG/OEGGG/SGGG guidelines speak of three consecutive pregnancy losses. It is therefore crucial, to establish a workflow that takes other circumstances into account. A recent meta-analysis could not show a difference in the prevalence of uterine anomalies or an APLS in women with two versus three pregnancy losses [186]. Another very recent study aiming to predict the chances of live birth in the following pregnancies after previous pregnancy losses was able to show a significant association of the pregnancy history and age with chances for live birth. However, these factors alone proved to be insufficient to be a robust determinant for live birth [187]. Therefore, an investigation of RPL risk factors should be commenced with consideration of the woman’s age, the number and details of the miscarriages that have already occurred, as well as on other factors, such as autoimmune disorders or fetal karyotyping.



Within this review, we could show that several immunological factors govern embryo implantation. Numerous studies could show alterations in immune cells or autoantibodies leading to a higher risk of RPL; however, performed in very heterogenous study groups and/or diverging methodologies. The absence of high-level evidence regarding these factors has hindered them from being part of guideline recommendations. This lack of evidence is partly attributed to the fact, that most of the immunological factors being a prerequisite for a successful pregnancy are yet to be unveiled as the complex process of implantation remains to be understood [188]. However, although the APLS is well evaluated in comparison to other immunological alterations in RPL, there is a lack of precise recommendations: none of the guidelines differentiates between OAPLS, refractory OAPLS, NC-OAPLS, thrombotic APLS comparable to the EULAR guidelines. This is possibly not due to a lack of evidence but attributed another effect: the year of publication of the different guidelines ranges from 2011 to 2018. Therefore, more recent findings such as a differentiation of different subtypes of an APLS or a CE, with increasing evidence of potential benefits when treated adequately in RPL patients, are not mentioned in older guidelines [17,85,87,189,190]. Ultimately, the differences in the recommendations can be traced back to the consensus process within the guideline work, which often results in newer diagnostic and therapeutic methods not being included in the recommendations.



The guideline of the ESHRE emphasizes the need for more research in the field of immunological therapies in RPL by highlighting a need to “study the effect of moderate dosages of prednisolone in RPL (preferably in large, controlled trials)” and “the effect of IVIG treatment in women with sRPL.” However, in daily practice, the health burden presented by many RPL couples might lead the clinicians towards more experimental therapies, rather than including them into randomized controlled trials.
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Table 1. Immunological diagnostics mentioned in different guidelines.
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DGGG/OEGGG/SGGG (2018)

	
ESHRE (2017)

	
ASRM (2012)

	
RCOG (2011)






	
Autoimmune Risk Factors

	
APLS

	
Testing for ACA, LAC and

Anti-β2-glykoprotein I antibodies detected on 2 separate occasions at an interval of 12 weeks

Testing for non-criteria APLS if clinical manifestations are present

	
Testing for ACA and LAC,

Anti-β2-Glykoprotein I antibodies could be considered

	
Testing for ACA, LAC and Anti-β2-Glykoprotein I antibodies

	
Testing of ACA or LAC two times 12 weeks apart




	
IgA antibodies Transglutaminase

	
Testing for IgA antibodies against Transglutaminase can be performed in women with a history of food sensitivity followed by biopsy if positive

	
---

	
---

	
---




	
ANA

	
If elevated ANA titres are diagnosed in RPL patients, antibodies should be further differentiated (SS-A/RO and SS-B/ lupus anticoagulant (LAC) antibodies) to rule out a Sjögren’s syndrome or lupus erythematosus

	
Could be considered for explanatory purpose

	
Not recommended

	
---




	
Thyroid Antibodies

	
An endocrine workup determining TSH levels is recommended in women with RPL. If TSH levels are found to be abnormal, T3, T4, and thyroid autoantibody concentrations must be determined

	
TPO-antibodies recommended followed by T4 testing in case of abnormal screening results

	
Not recommended if euthyroid

	
---




	
Alloimmune Risk Factors

	
Immune Cells

	
Only if evidence of a pre-existing autoimmune disorder

	
Only HLA-DQBI*05:01/05:2 could be considered in Scandinavian woman with sRPL

Insufficient evidence to recommend NK cell testing

Testing anti-HLA antibodies in women with RPL is not recommended

	
Circulating CD16 NK cell testing is not recommended

Controversial scientific evidence for testing mucosal CD16 NK cells

Controversial scientific evidence for HLA typing

	
Testing for pNK/ uNK cells should not be offered routinely in the investigation of recurrent miscarriage




	
Chronic Endometritis

	
Evaluation of chronic endometritis by endometrial biopsy with analysis of CD 138-positive plasma-cells

	
Further studies on the subject are necessary

	
-

	
-








ACA = anti-cardiolipin antibodies; ANA = antinuclear antibodies; APLS = antiphospholipid syndrome; ASRM = American Society for Reproductive Medicine; CD16 = cluster of differentiation 16; DGGG/OEGGG/SGGG = German/Austrian/Swiss Society of Obstetrics and Gynecology; ESHRE = European Society of Human Reproduction and Embryology; HLA = human leukocyte antigen; IgA = immunoglobulin A; LAC = lupus anticoagulants; NK = natural killer cells; pNK = peripheral natural killer cells; RCOG = Royal College of Obstetricians and Gynaecologists; sRPL = secondary recurrent pregnancy loss; SS-A/RO = Sjögren’s-syndrome-related antigen A autoantibodies; SS-B/lupus anticoagulant = Sjögren’s-syndrome-related antigen B autoantibodies; T3 = triiodothyronine; T4 = thyroxine; TSH = thyroid-stimulating hormone; TPO = thyroid peroxidase; uNK = uterine natural killer cells.
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Table 2. Suggested immunological standard diagnostics.
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Suggested Procedure






	
Autoimmune Risk Factors

	
APLS

	
ACA, LAC, Anti-β2-glykoprotein I antibodies

Analysis should be performed at two separate occasions at an interval of 12 weeks

Consider a non-criteria APLS, if clinical manifestations are present (renal microangiopathy, neurological disorders, cardiac manifestations, or ulcerations of the skin)




	
IgA Antibodies Transglutaminase

	
IgA antibodies against Transglutaminase should only be analyzed in women with a history of food sensitivity followed by colon biopsy if antibodies positive




	
ANA

	
Only ANA titres >1:160 are considered as positive

If the ANA titres are elevated, antibodies should be further differentiated (SS-A/RO and SS-B/ lupus anticoagulant (LAC)antibodies) to rule out Sjögren’s syndrome or lupus erythematosus




	
Thyroid Antibodies

	
TSH level should be analysed. If TSH levels are >2.5 mU/L, T3, T4 and thyroid autoantibody concentrations should be determined




	
Alloimmune Risk Factors

	
Immune Cells

	
Controversial scientific evidence for dendritic cells or regulatory T-cells

Most data available for uNKs, is controversial and testing can only be recommended within studies




	
Chronic Endometritis

	
Evaluation of chronic endometritis by endometrial biopsy with analysis of CD 138-positive plasma-cells








ACA = anti-cardiolipin antibodies; ANA = antinuclear antibodies; APLS = antiphospholipid syndrome; SS-A/RO = Sjögren’s-syndrome-related antigen A autoantibodies; SS-B/lupus anticoagulant = Sjögren’s-syndrome-related antigen B autoantibodies; T3 = triiodothyronine; T4 = thyroxine; TSH = thyroid-stimulating hormone; uNK = uterine natural killer cells.
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Table 3. Therapeutic options mentioned in different guidelines concerning immunological alterations.
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	DGGG/OEGGG/SGGG (2018)
	ESHRE (2017)
	ASRM (2012)
	RCOG (2011)





	APLS Therapy
	Low dose aspirin plus unfractionated heparin or low molecular heparin starting with day of positive pregnancy test. Aspirin until GW 34+0, heparin 6 weeks post-partum (APLS and non-criteria APLS)
	Low dose aspirin starting before conception plus prophylactic dose unfractionated heparin or low molecular heparin starting with a positive pregnancy test
	Low dose aspirin and unfractionated heparin
	Low dose aspirin plus heparin



	Thyroid Antibodies
	Thyroid hormone substitution therapy can be administered in woman with RPL and latent hypothyroidism i.e., TPO antibodies
	There is insufficient evidence to support treatment with levothyroxine in euthyroid women with thyroid antibodies and RPL outside a clinical trial
	---
	---



	Chronic Endometritis
	Therapy of a chronic endometritis can be performed.
	-
	-
	-



	Immunomodulatory Therapy
	Glucocorticoids only in clinical studies in women with pre-existing autoimmune disorder

Therapies with IVIG, allogeneic lymphocyte transfer, lipid infusions or TNF-α-blockers should not be performed outside of clinical studies
	Glucocorticoids are not recommended as treatments for unexplained RPL or RPL with selected immunological biomarkers

IVIG are not recommended as a treatment of RPL

There is insufficient evidence to recommend intralipid therapy for improving live birth rate in women with unexplained RPL.

Heparin or low dose aspirin are not recommended to improve live birth rate in women with unexplained RPL
	IVIG are not recommended for pRPL
	Immune treatments should not be offered routinely to women with recurrent miscarriage outside formal research studies







APLS = antiphospholipid syndrome; ASRM = American Society for Reproductive Medicine; DGGG/OEGGG/SGGG = German/Austrian/Swiss Society of Obstetrics and Gynecology; ESHRE = European Society of Human Reproduction and Embryology; IVIG = intravenous immune globulin; pRPL = primary recurrent pregnancy loss; RCOG = Royal College of Obstetricians and Gynaecologists; TNF-α-blockers = tumor necrosis factor alpha blocker.
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Table 4. Suggested immunological standard therapies.
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	Diagnose
	Suggested Procedure





	APLS

Therapy
	
	(1)

	
Thrombotic APLS is recommended to be treated with LDA and heparin in therapeutic dosage during pregnancy




	(2)

	
In case of refractory OAPLS, increasing heparin to therapeutic dosage or addition of low dose prednisolone or hydroxychloroquine in the first trimester could be considered




	(3)

	
During pregnancy, treatment with LDA alone or in combination with heparin depending on the individual risk profile is recommended in patients with NC-OAPLS [135]







Aspirin until GW 34+0, heparin 6 weeks post-partum (APLS and non-criteria APLS)





	Thyroid

Antibodies
	Thyroid hormone substitution therapy can be administered in woman with RPL and latent hypothyroidism i.e., TPO antibodies



	Chronic Endometritis
	If detected, a chronic endometritis should be treated

First line therapy with doxycycline 200 mg for 14 days. A test of cure should be performed after completion. Second line therapy with metronidazole and ciprofloxacin if test of cure is positive



	Other

Immunomodulatory

Therapies
	Glucocorticoids only in clinical studies in women with pre-existing autoimmune disorder

therapies with IVIG, alogeneic lymphocyte transfer, lipid infusions or TNF-α-blockers can be considered, however not outside of clinical studies







APLS = antiphospholipid syndrome; IVIG = intravenous immune globulin; TNF-α-blocker = tumor necrosis factor alpha blocker.
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