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Intralipid therapy for unexplained recurrent miscarriage and implantation failure: Case-series and literature review
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INTRODUCTION

Recurrent miscarriage (RM) is a frequent condition concerning about 1-3% of couples [START_REF] Rai | Recurrent miscarriage[END_REF] .

Recurrent implantation failure (RIF) is considered after at least 3 unsuccessful transfers of good quality embryos, and remain unexplained in 45% of infertile couples [START_REF] Coughlan | Recurrent implantation failure: definition and management[END_REF] . Various conditions can cause RM and RIF. A standard workup includes search for uterine malformations, genetic abnormalities, and endocrine, infectious or autoimmune diseases.

Immune abnormalities have been reported in women with RM and RIF, such as increased blood natural killer (NK) cell levels, regulatory T cell deficiencies and increased proinflammatory cytokines [START_REF] Zhu | Changes and clinical significance of peripheral blood helper T lymphocyte and natural killer (NK) cells in unexplained recurrent spontaneous abortion (URSA) patients after abortion and successful pregnancy[END_REF] . Uterine NK cells (uNK) represent up to 70% of the cells in endometrium during the implantation phase and secrete several cytokines (IL-12, IL-15, Fn-14, IL-18, LIF, TWEAK) modulating the uterine environment. An excessive number of uNK cells and the imbalance between IL-12/Fn-14 and IL-18/TWEAK have been recently shown as markers of immune profile dysregulation in women with RIF 4 .

The direct effect of intralipids on fertility is unclear but seems to rely on the inhibition of NK cell cytotoxicity, possibly mediated through short fatty acids stimulating PPARγ receptors.

Intralipids were proposed as an immunomodulatory therapy in 1994 [START_REF] Clark | Intralipid as treatment for recurrent unexplained abortion?[END_REF] . A decrease of NK cell cytotoxicity has been shown several weeks after a single infusion of intralipids 6 , [START_REF] Roussev | Duration of intralipid's suppressive effect on NK cell's functional activity[END_REF] . Intralipid therapy has been mostly reported in women with increased peripheral NK cells, whereas recent metanalysis did not demonstrate an association of NK cell rates in preconception with the fetal loss [START_REF] Kolanska | Proportion of Cytotoxic Peripheral Blood Natural Killer Cells and T-Cell Large Granular Lymphocytes in Recurrent Miscarriage and Repeated Implantation Failure: Case-Control Study and Meta-analysis[END_REF] . We analyzed the efficacy and safety of intralipid therapy in a retrospective cohort study of women with unexplained RIF and RM, and compared live birth rates in treated women to untreated women with similar obstetrical history. Laboratory data included AMH levels, antinuclear and antiphospholipid autoantibodies, peripheral NK cell levels, and levels of circulating cytokines TNFα, IL-1, IL-6 and IL-10 at the time of the first intralipid infusion. The non-criteria anti-phospholipid antibodies (antiphosphatidyléthanolamines IgG and IgM, anti-PS/PT IgG/M and anti-annexin V IgG) were also analyzed. Endometrial immune profiling was performed, as previously described (12), and total uNK cells numbers, IL-15/TWEAK and IL-12/Fn-14 mRNA levels were recorded if available. Overactivated immune profiles were characterized by high IL-18/TWEAK mRNA ratio, and/or high IL-15/Fn-14 mRNA ratio (12).

PATIENTS AND METHODS

Women

Women in the non -IVF group (RM) received intralipid infusion at Day-8 of each cycle, and then at 3, 5 and 9 weeks of gestation in the case of ongoing pregnancy. Women undergoing IVF received an infusion at Day-8 of the cycle of embryo transfer then at 3, 5 and 9 weeks of amenorrhea in the case of ongoing pregnancy. Intralipid therapy was chosen based on endometrial immune overactivation, pervious ineffective steroid therapy, or in overweight women who couldn't receive steroid therapy.

Patients from the control group have been matched on age, number of previous miscarriages (2 matched controls by case) or previous embryo transfers with implantation failure from our ongoing cohort (1 matched control by case).

The primary outcome was the live birth rate, and clinical pregnancy rates and safety were also analyzed.

Literature Review and Meta-analysis

Search Strategy

Two investigators (LP and AM) searched MEDLINE via PubMed, Web of Science, congress programs and the Cochrane Library for English-language articles published up to January 2019 by assessing the following keywords in the title and abstract: early RMs, unexplained miscarriages, miscarriages, IVF, in vitro fertilization, fertilization in vitro, intracytoplasmic sperm injection, sperm injection intracytoplasmic, assisted reproductive techniques, embryo transfer, embryo implantation, and intralipids. All articles with sufficient data were included in the literature review.

Statistical analysis

Data are described with frequencies (%) for categorical variables and medians (ranges) for continuous variables. Fisher's exact test was used to compare qualitative variables and Mann-Whitney/Wilcoxon test for continuous variables according to the distribution. Linear regression was performed to identify factors associated with fetal losses. A p value < 0.05 was considered as statistically significant. Statistical analyses were performed with GraphPad Prism v7.0 (GraphPad Software, San Diego, CA, USA).

Literature review and meta-analysis

The meta-analysis was performed according to the recommendations of the Cochrane Collaboration (Bero and Rennie 1995). Relative risks from individual studies were metaanalyzed with fixed-effects and random-effects models as appropriate. Heterogeneity of the exposure effects was evaluated graphically with forest plots and statistically with the I2 test to quantify heterogeneity across studies. We explored the causes of heterogeneity by population features, exposure and study quality. Meta-analysis involved use of Review Manager 

RESULTS

Among 187 women treated for unexplained recurrent miscarriages and implantation failures from 2014 to 2018, 26 women with median age of 36 years (29-43) received intralipid therapy (Table 1). Among these 26 women, 10 women with a median age of 33 years (31-40) had a history of spontaneous recurrent miscarriages, with a median of 5 (4-8) previous miscarriages (Table 1 and Supplementary Table 1). Intralipids were used at least once during preconception in 9 (90%) women previously refractory to other therapies. Seven of these ten women received additional treatments including combinations of aspirin, prednisone, progesterone, or heparin. Live births occurred in 7 (70%) pregnancies under intralipids and were significantly more frequent than in women with recurrent miscarriages which did not received intralipids (control group; n=20) (p=0.02); whereas age, number of previous miscarriages, and associated therapies were not significantly different (Table 1).

Among 26 included women, 16 women had recurrent implantation failures, with median age of 37 years (29-43) and 9.5 (3-19) embryo transfers (Table 1 and Supplementary Table 2).

Intralipids were used at least once before the embryo transfer, as first-line therapy in 10 (63%) women, and in 6 (37%) pregnancies refractory to previous therapies. Additional treatments have been combined in 13 (81%) cases, mostly aspirin, LMWH and prednisone. Age, previous miscarriages and embryo transfers, blood cytokine levels, and additional therapies were not significantly different between women treated or not by intralipids (Table 1).

Clinical pregnancy occurred in 9 (56%) women receiving intralipid therapy after embryo transfers and resulted in 5/9 (55%) live births compared to 6 (38%) and 2/6 (33%) in control group (n=16), respectively. Interestingly, in 2 women who suffered fetal losses after embryo transfers, clinical pregnancy occurred under intralipid therapy for the first time in these women who experienced previous embryo transfer failure.

Overall, 16 patients had immune endometrial profiling analysis, and 14 of these women had endometrial over-activated immune responses. Among 12 women with over-activated immune responses and clinical pregnancy, 5 experienced live birth (42%). Among 10 women with live births without immune endometrial profiling before intralipid therapy, 5 women had a live birth (50%).

Age, previous obstetrical history, peripheral NK cell percentages and associated therapies were similar in case of pregnancies under intralipids resulting in live births compared to those with fetal loss, except a trend to higher preconception uNK levels in women with live births 56 (43-100) versus 38 (19-51, p=0.07, Table 2). Using univariate analysis, age < 35 years, women with recurrent miscarriages, whereas AMH levels <1 ng/ml and intralipid therapy were significantly associated. In multivariate analysis, only intralipid therapy was significantly associated with live births with odds ratio of 17 [95% CI 1.01-286] (p=0.049).

No side effects (flushing, nausea, vomiting, fever, sweating) have been noted during or after the intralipid infusion.

Meta-analysis

The literature review of studies evaluating intralipids in RM and infertile populations is presented in Table 3. The literature search yielded 5 citations and only 3 studies had relevant data and were included in the meta-analysis. The meta-analysis of 3 studies (including our results) showed an odds ratio of 1.7 [95% confidence interval (CI) 1.1-2.61; p=0.02] live birth in women receiving intralipids as compared to those not receiving intralipid therapy (Supplementary Figure 1). The heterogeneity between the studies was high with I2 of 56% (p =0.1).

DISCUSSION

In this cohort study of women with recurrent miscarriages and implantation failures, we analyzed the efficacy of intralipid therapy. Intralipids use resulted in 63% of live births in patients with previous infertility, 70% in women with recurrent miscarriages and 55% with recurrent implantation failures, which was significantly higher than in women not receiving intralipid therapy. Intralipid therapy was the only significant factor associated with live births in women with previous RM in multivariate analysis. Our data were confirmed using metaanalysis of studies from the literature, although analyzed studies have important heterogeneities and low number of included patients.

Our findings reinforce results of previous studies analyzing the potential benefit of intralipids in infertility (Table 3). In a randomized trial comparing intralipids and immunoglobulins in women with recurrent miscarriages with more than 20% of peripheral NK cell levels, the rate of successful pregnancies were 91% in intralipid group and 88% in immunoglobulin group [START_REF] Meng | Effectiveness and potential mechanisms of intralipid in treating unexplained recurrent spontaneous abortion[END_REF] .

A randomized trial using an intralipid infusion on the day of oocyte retrieval versus placebo in 296 women with unexplained infertility and peripheral NK cells >12% showed 54% of live births in intralipid group versus 34% under placebo (p=0.005), whereas the frequencies of clinical pregnancy and miscarriages were not different between 2 groups [START_REF] Dakhly | Intralipid supplementation in women with recurrent spontaneous abortion and elevated levels of natural killer cells[END_REF] . A cohort study of 127 women with unexplained miscarriages and infertile women having peripheral NK cells >19% showed no differences of live births in comparison to the historical cohort [START_REF] Martini | Evaluating the Utility of Intralipid Infusion to Improve Live Birth Rates in Patients with Recurrent Pregnancy Loss or Recurrent Implantation Failure[END_REF] . Based on endometrial immune profiling in 94 women with recurrent implantation failure, the live birth rate was 55% under intralipid therapy [START_REF] Lédée | Intralipid® may represent a new hope for patients with reproductive failures and simultaneously an over-immune endometrial activation[END_REF] . Our study analyzed intralipids in women with unexplained infertility, showing that intralipid therapy could be beneficial even in women without increased peripheral NK cell levels. We did not find any significant factor associated with live birth except intralipid therapies, even considering blood cytokine levels, peripheral NK cells and endometrial immune profiling. Various intralipid regimens have been previously used, from single infusion to weekly infusions, and the best regimen remains to be determined.

While the mechanism underlying improvement of live birth rate with intralipid therapy remains unclear, data previously showed that intralipids modulate several immune functions, in particular NK cell cytotoxicity. NK cell activity was significantly decreased under intralipid therapy [START_REF] Roussev | Natural killer cell functional activity suppression by intravenous immunoglobulin, intralipid and soluble human leukocyte antigen-G[END_REF] , and this effect lasted from 4 to 9 weeks 7 . A previous study also reported an in vitro effect on T lymphocytes (decreased activation) and on cytokine secretion (decreased TNF-α, IL-2 and IL-1β levels) [START_REF] Lédée | Intralipid® may represent a new hope for patients with reproductive failures and simultaneously an over-immune endometrial activation[END_REF][START_REF] Granato | Effects of parenteral lipid emulsions with different fatty acid composition on immune cell functions in vitro[END_REF] .

In conclusion, intralipids are an effective and safe therapy in women with unexplained recurrent miscarriages and infertility, even in those without increased peripheral NK levels and dysregulated endometrial immune profiling. 

  with unexplained recurrent miscarriage and/or recurrent implantation failure were included from 2015 to 2018 in three university hospitals (Saint-Antoine, Tenon and Trousseau Hospitals, Assistance Publique-Hopitaux de Paris Sorbonne Université, Paris, France). Inclusion criteria were (1) at least 3 recurrent miscarriages before 12 weeks of gestation and/or at least 3 implantation failures of at least 2 good embryos transfers; (2) absence of any cause for recurrent miscarriages and implantation failures among uterine, genetic, infectious, hormonal, thrombophilia and autoimmune diseases; (3) at least one infusion of intralipids for the treated group. Clinical data were collected as follows: age, number of pregnancies and live births, number of miscarriages, number of in vitro fertilization (IVF)/intracytoplamic sperm injection (ICSI) and embryo transfers, body mass index, tobacco and alcohol use, prior medical and surgical history and medications during each previous pregnancy. For each pregnancy treatments were analyzed: low dose aspirin, LMWH, steroids (prednisone 10 mg/day), progesterone and vitamin D supplementation.
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  RevMan) v5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, 2014).

Table 1 -Characteristics of women with recurrent miscarriage and implantation failure who received 284 intralipid therapy.
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-anti-thyroid peroxidase, anti-TG -anti-thyroid globulin

*p<0.05 recurrent miscarriages under intralipids versus recurrent miscarriages without intralipids $p<0.05 implantation failures with intralipids versus implantation failures without intralipids
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