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Abstract

:

Preeclampsia is an obstetric pathology with striking similarities to COVID-19. The renin-angiotensin system plays a key role in the pathogenesis of both diseases. This report reviews the pharmacological strategies that have been suggested for the prevention and treatment of preeclampsia and that are potentially useful also in the treatment of COVID-19. Of note, both pathologies have in common an Angiotensin II-mediated endothelial dysfunction secondary to an angiogenic imbalance, with effects on vasculature, coagulation, and inflammation. These considerations are drawn from cases of the initial SARS-CoV-2 primary infection and may not apply to more recent SARS-CoV-2 variants or infections after COVID vaccination. The treatment options discussed included albumin infusion, aspirin, corticosteroids, the monoclonal antibody eculizumab, hydroxychloroquine, low molecular weight heparin, magnesium, melatonin, metformin, nitric oxide, proton pump inhibitors, statins, therapeutic apheresis, and vitamin D.
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1. Introduction


Preeclampsia (preE) is a systemic syndrome of the second half of pregnancy which occurs in 2–8% of pregnancies. It is a major cause of maternal and perinatal morbidity and mortality. The disease typically presents with new-onset hypertension and proteinuria in the mother, and it can progress to multi-organ dysfunction with hepatic, renal, and cerebral manifestations, as well as systemic coagulopathy [1]. Despite being an obstetric pathology, preE shows striking similarities to COVID-19 caused by the original SARS-CoV-2 virus [2] (Figure 1). This virus has changed over time, leading to the advent of new variants that are more contagious but less dangerous. The initial pathology of COVID-19 and preE takes place respectively in the lung and the placenta, but both conditions eventually involve the endothelium in a systemic way. Both diseases are characterized by significant alterations in the renin-angiotensin system (RAS) [3], which are responsible for the thrombo-inflammatory state typical of the most severe forms of both conditions. Both COVID-19 and preE have a heterogeneous clinical course, ranging from mild to severe, and share common risk factors, such as chronic hypertension and obesity. Of note, a preE-like syndrome can be induced by severe COVID-19 [4], and an increased incidence of preE has been reported in pregnant women infected with SARS-CoV-2 infection, confirming the strong link between the two pathologies [5].



Vaccines have been the most effective weapon in the fight against the COVID-19 pandemic, and they have reduced serious manifestations of COVID-19 as well as related mortality [6]. At the beginning of the pandemic, there was no specific therapy for COVID-19; when it became clear that COVID-19 was not just a respiratory disease, therapeutic efforts focused on three key aspects of the pathogenesis of the disease: direct viral cytotoxicity, endothelial dysfunction, and the “cytokine storm” [7]. The turning point in the reduction of mortality was the introduction of antithrombotic drugs and corticosteroids [8]. Currently, COVID-19 infection can be divided into four phases: phase 1, called the “early stage”, which has a predominant viral replication; phase 2, called the “pulmonary” phase, characterized by pulmonary involvement; and phase 3, called the “hyperinflammatory phase”, in which systemic inflammation prevails. Recently, a fourth phase has been described, namely “long COVID”, with subacute to chronic symptoms [9]. Pharmacologic treatment is needed not only to prevent the severe forms of the disease but also to better treat patients in stages 2–3 and to prevent long COVID. A combinational therapy for COVID-19 should be based on the simultaneous use of agents with different mechanisms of action. Currently, COVID-19 therapy includes antiviral drugs, immunomodulatory medications, anticytokines, monoclonal antibodies, and miscellaneous agents. Antiviral drugs block the viral replication cycle; therefore, they are effective if administered soon after the onset of infection (by 5 days) [10]. In preE, the definitive treatment is delivery, particularly in severe forms with multiorgan alterations and placental insufficiency; however, a therapy would be desirable to prolong pregnancy in the case of early-onset forms and to prevent or reduce the rates of maternal and perinatal complications. Since the RAS plays a key role in the pathogenesis of both conditions, treatment options should focus on blocking the thrombogenic and inflammatory properties of Angiotensin II (ANG II) and ameliorating the angiogenic imbalance. RAS components have been shown to regulate angiogenesis, and our group was the first to show an angiogenic imbalance in COVID-19 non-pregnant individuals with features similar to preE [3].



The angiogenic markers of preE currently used in the clinical setting are PlGF (placental growth factor) and sFlt-1 (soluble fms-like tyrosine kinase 1). PlGF is an angiogenic protein expressed primarily in the placenta that promotes placental angiogenesis and vascular homeostasis. sFlt-1 is an anti-angiogenic protein expressed as an alternatively spliced variant of VEGFR-1 (vascular endothelial growth factor receptor-1) that lacks both the transmembrane and cytoplasmic domains. sFlt-1, also known as sVEGFR-1, antagonizes VEGF (vascular endothelial growth factor) and PlGF (pro-angiogenic factors) in the circulation by binding and preventing their interaction with the endothelial receptor and, therefore, inducing endothelial dysfunction (Figure 2).



sFlt-1 is produced by a number of tissues, including the placenta, in response to various stressors such as hypoxia and oxidative stress. In a healthy pregnancy, maternal serum levels of PlGF rise steadily until 29–32 weeks and then decrease until delivery, while sFlt-1 concentrations increase towards the end of pregnancy. Women with preE already have lower PlGF and a higher level of sFlt-1 before the clinical manifestations [11,12].



In patients with pneumonia due to COVID-19, the levels of sFlt-1 are significantly higher when compared to patients with pneumonia from other causes or with healthy controls [3]. sFlt-1 has been proposed as a biomarker to predict survival and thrombotic events in COVID-19 patients [13,14]. Of note, excessive amounts of the circulating antiangiogenic sFlt-1, which binds PlGF and VEGF, also appear to have a pathogenic role in COVID-19 [3].



Long-term outcomes among women with a history of preE and long COVID suggest that the endothelial changes are not limited to pregnancy or infection, respectively. Endothelial dysfunction is potentially reversible, and antagonizing endogenous sFlt-1 or enhancing angiotensin converting enzyme 2 (ACE 2) activity may be a therapeutic approach for these patients. The ACE 2 receptor is the entry receptor for the SARS-CoV-2 virus into human cells. Angiogenesis is currently the target for therapies in a wide range of diseases, including cancer, retinopathy, and heart disease [15]. Moreover, since immune activation and inflammation have been implicated in the pathogenesis of preE and COVID-19, suppressing inflammation and the resulting oxidative stress is another approach to halt or slow the progression of clinical symptoms [16].



This review aims to evaluate the pharmacological strategies that have been suggested for the prevention and treatment of preE and that are potentially useful also in the treatment of COVID-19. Drug repurposing is a crucial strategy to shorten times for the development of new drugs, reduce costs, and ensure equity in care.




2. Therapeutic Strategies for Preeclampsia and COVID-19


The treatment options proposed include albumin infusion, aspirin, corticosteroids, the monoclonal antibody eculizumab, hydroxychloroquine (HCQ), low molecular weight heparin (LMWH), magnesium, melatonin, metformin, nitric oxide (NO), proton pump inhibitors (PPIs), statins, therapeutic apheresis, and vitamin D (Table 1).



2.1. Albumin Infusion


Albumin downregulates the expression of the ACE 2 receptors and suppresses the production of proinflammatory prostaglandins, free radicals, and cytokines. Plasma albumin level is an indicator of severity for both preE and COVID-19 [17,18]. The use of albumin to correct or improve hypoalbuminemia remains controversial [19]. A recent study suggested that human albumin combined with LMWH could reduce the severity of preE and promote angiogenesis in the placenta [20]. Another study has shown that albumin administration is associated with a positive effect in critically ill patients with COVID-19 and hypoalbuminemia, reducing the risk of death [21].




2.2. Aspirin


Aspirin has anti-inflammatory effects, induces antiplatelet aggregation, has anticoagulant properties, and has a pro-angiogenic effect. Recent evidence suggests that aspirin may also modulate cytokines, stimulating the production of the proangiogenic protein placental growth factor (PlGF) and inhibiting the apoptosis of endothelial cells [22]. Aspirin is a safe, cheap, universally available, and well-tolerated medication. Low-dose aspirin is recommended for the prevention of preE in women at high risk [23]. The evidence regarding the potential benefits of aspirin in COVID-19 patients is contradictory, with some publications supporting the use of aspirin in COVID-19 patients and others arguing against it [24,25]. The use of aspirin is associated with a reduced risk of mortality among patients with COVID-19 [26]. In the ASA-CARE study, pre-hospitalization treatment with aspirin was associated with better in-hospital outcomes among hospitalized COVID-19 patients [27]. However, the RECOVERY (randomised evaluation of COVID-19 therapy) trial has shown that in patients hospitalized with COVID-19, 150 mg of aspirin once daily was not associated with reductions in 28-day mortality or the risk of progression of the disease [28]. A confounding element in the trial was that the enrolled patients were administered other drugs simultaneously, especially corticosteroids and LMWH. Investigators have demonstrated that treatment with an antiplatelet agent has a low likelihood of providing improvement in the number of organ support-free days within 21 days, among critically ill patients with COVID-19 [29]. The role of aspirin in the primary or secondary prevention of preE has been the subject of numerous studies and controversy [30,31]. Low-dose aspirin is effective in the prevention of preE in high-risk groups, but not for treatment. A randomized study is underway to evaluate if aspirin administration over 6 months in early postpartum in women with prior severe preE improves their future cardiovascular risk [32].




2.3. Corticosteroids


Corticosteroids are potent anti-inflammatory and immunosuppressive drugs that are used in the treatment of a wide range of medical disorders, including HELLP syndrome, a severe form of preE [33].



To date, there is insufficient evidence to support the routine use of steroids for the management of HELLP, although postpartum administration of dexamethasone can improve blood pressure, platelet counts, and liver enzyme values in these women, reducing hospital stay and the rate of blood transfusions [34,35,36]. Guidelines issued by the U.K. chief medical officers and by the National Institutes of Health in the United States recommend the use of glucocorticoids in patients hospitalized with COVID-19, after the publication of preliminary results of the RECOVERY trial, which showed a reduction in death rates associated with the administration of dexamethasone in hospitalized patients with COVID-19 requiring supplemental oxygenation [37]. This finding was then confirmed by multiple randomized trials [38,39,40]. Dexamethasone produces anti-inflammatory and immunomodulatory effects on the endothelium and vasculature; it decreases sFlt-1, soluble endoglin, IL-6, and TNF-alpha after 24 h and could have a profound effect on the suppression of immune factors known to play a pathophysiological role in both preE and COVID-19.




2.4. Eculizumab


Monoclonal antibodies are a type of therapy that has been studied for the prevention and treatment of COVID-19; antibodies targeting the spike protein of SARS-CoV-2 have been shown to have clinical benefits in treating SARS-CoV-2 infection [41]. Eculizumab is a humanized monoclonal antibody that acts as a complement inhibitor and is approved for the treatment of patients with paroxysmal nocturnal hemoglobinuria, atypical hemolytic uremic syndrome, generalized myasthenia gravis, and neuromyelitis optica spectrum disorder. In retrospective studies, eculizumab safely improved respiratory dysfunction and decreased the mortality in patients with severe COVID-19 [42,43]. These findings need confirmation in large, randomised trials [44]. There is a growing number of publications on the successful use of eculizumab in the severe forms of preE, such as HELLP syndrome, with pregnancy prolongation. Additional research is needed [45,46].




2.5. Hydroxychloroquine


Hydroxychloroquine (HCQ) is an antimalarial drug that is also used for the treatment of autoimmune diseases. It appears to have anti-inflammatory, anti-oxidant, and anti-thrombotic effects. HCQ was among the first therapies used at the start of the pandemic [47], although several recently published randomized trials have shown no benefit of HCQ on the clinical course or mortality in COVID-19, as well as side effects of HCQ in elderly patients with comorbidities [48]. HCQ is considered safe in pregnancy, and epidemiological studies suggest a potential use of HCQ in preventing preE, especially in women with autoimmune diseases. To date, several studies are underway to evaluate the impact of HCQ on the prevention of obstetric complications [49]. More research is needed to understand the role of HCQ in angiogenesis, as a recent study demonstrated that HCQ reduces anti-angiogenic sFlt-1 production by cytotrophoblasts but does not reduce endothelial dysfunction in vitro [50]. This finding, if confirmed in vivo, could further justify its therapeutic failure in COVID-19.




2.6. Low Molecular Weight Heparin


LMWH is an anticoagulant agent, but it also has many anticoagulant-independent properties that may be relevant in preE and COVID-19, including effects on angiogenesis and inflammation. LMWH improves maternal endothelial function, possibly mediated through increased PlGF bioavailability, favoring a proangiogenic state, and stimulating the production of nitric oxide. Heparin may suppress complement-mediated inflammation, modulate the activity of soluble inflammatory mediators, and prevent leukocyte adhesion to activated endothelial cells, which may contribute to endothelial dysfunction [51,52]. The role of LMWH in the prevention and treatment of preE remains unclear. A recent study found that a combination therapy of LMWH with low-dose aspirin started at ≤16 weeks’ gestation is more effective than LMWH alone in the prevention of preE in high-risk women [53]. Other reports found that in patients with mild preE, LMWH prevented the development of severe preE, resulting in less maternal, fetal, and neonatal morbidity and mortality [54,55]. COVID-19 is characterized by a prothrombotic state; therapy with LMWH in severe COVID-19 has been associated with lower mortality and a reduced incidence of thrombotic complications [56,57]. These findings seem to confirm that the use of LMWH can improve microcirculatory function, especially in patients with pre-existing endothelial dysfunction. Thromboprophylaxis is currently recommended for all hospitalized patients with COVID-19 by all national and international guidelines [58].




2.7. Magnesium


Magnesium is essential in many important biological processes. Of note, it potentiates the production of local vasodilator mediators (prostacyclin and nitric oxide) and alters vascular responses to a variety of vasoactive substances (endothelin-1, ANG II, and catecholamines) [59]. Magnesium deficiency promotes inflammation, impairs angiogenesis, and induces a pro-thrombotic state, so that hypomagnesaemia has been associated with cardiovascular and chronic endothelial disease [60]. In the obstetric field, magnesium sulfate is the gold standard for the prevention of eclampsia in women with severe preE [61]. Both observational studies and randomized controlled trials suggest that the administration of magnesium reduces the risk of seizures and other complications in women with preE. Administration of magnesium sulfate lowers plasma levels of antiangiogenic proteins, so it could improve endothelial dysfunction induced by SARS-CoV-2. In addition, other symptoms reported in long COVID-19, such as asthenia, anxiety, and depression, might be attributable to magnesium deficiency [62]. Data on the predictive ability of serum magnesium levels and the therapeutic efficacy of magnesium supplementation on long COVID-19 are lacking.




2.8. Melatonin


Melatonin is a well-known hormone with anti-inflammatory, antioxidant, and immunomodulatory properties. Recent obstetric studies have found that melatonin can affect angiogenesis, reducing the production antiangiogenic factors such as sFlt-1, and it may improve placental and maternal endothelial function [63]. Such effects may also justify its benefits in COVID-19 patients [64,65]. The circadian pattern of melatonin secretion seems to be altered in pregnancies complicated by placental insufficiency: night-time levels of melatonin are lower in women with severe preE than in those with a healthy pregnancy [66,67]. Melatonin has been proposed as a safe agent to treat or prevent preE [68]. Several observational studies and a recent meta-analysis of randomized controlled trials have concluded that melatonin may improve the clinical outcomes of patients with COVID-19 [64,69,70]. Further large-scale research is required. In light of the above, melatonin could be an effective supplemental treatment for COVID-19, including long COVID [71].




2.9. Metformin


Metformin, an oral biguanide insulin sensitizer, is an effective and approved oral hypoglycemic agent for diabetes type 2 and is a treatment option for patients with gestational diabetes [72]. Researchers have found that metformin can significantly improve the dysfunction of placental endothelial cells in preE, dilate and ameliorate injured vessels, promote angiogenesis, and reduce the secretion of antiangiogenic factors from the placenta [73,74]. The PI2 trial suggested that metformin can prolong gestation in women with preterm preE [75]. Metformin has been considered among the drugs that could be repurposed against COVID-19, with potential antiviral effects through activation of the AMP-activated protein kinase pathway, effecting the ACE-2 receptor, and blocking the entry of SARS-CoV-2 into host cells [76]. Data from observational studies have shown a reduction in mortality among people using metformin as treatment for diabetes at the time of their COVID-19 diagnosis [77]. Two randomized controlled trials (the TOGETHER and COVID-OUT trials) reported that metformin did not reduce the risk of hospitalization or death in outpatients with COVID-19, but recent data after a 10-month follow-up on COVID-19 outpatients showed that metformin can reduce the risk of long-term COVID by more than 40% [78,79,80].




2.10. Nitric Oxide


Nitric oxide (NO) is a vasodilator released by endothelial cells to modify maternal vascular resistance, decreasing responsiveness to vasopressors and, therefore, increasing blood flow. It is also an inhibitor of platelet aggregation and adhesion and inhibits vascular smooth muscle cell proliferation and inflammatory cell activation. Impairment of its production is associated with diseases such as atherosclerosis, hypertension, cerebral and coronal vasospasm, and ischemic reperfusion injury [81]. PreE is associated with reduced NO bioavailability, and recent studies found significantly lower NO levels in patients with COVID-19 [82]. Therapies that increase NO, including the administration of NO precursors (L-arginine or L-citrulline) and the use of NO donors (such as glyceryl trinitrate), are seen as potential tools in the prevention and treatment of endothelial dysfunction [83]. A randomised controlled trial has shown that supplementation in pregnancy with L-arginine and antioxidant vitamins reduced the incidence of preE in a population at high risk for this condition [84]. Preliminary results from a randomized clinical trial seem to support a beneficial effect of L-arginine in COVID-19 [85]. The administration of sildenafil citrate, which enhanced the effects of NO, has also been tested as a promising therapy for placental insufficiency, although the fetal-neonatal safety of the drug is yet to be established [86]. A recent randomized trial of sildenafil in hospitalized patients with COVID-19 noted a reduction in hospital stay and need for mechanical ventilation with sildenafil treatment [87].




2.11. Proton-Pump Inhibitors


Proton pump inhibitors (PPIs) are medications for gastric reflux that can reduce sFlt-1 and thereby improve endothelial function [88]. Since they are safe drugs in pregnancy, PPIs may have the potential to treat or prevent preE [89]. However, large studies evaluating 40 mg of esomeprazole per day have found no evidence that PPIs may reduce the risk of preE [90,91]. PPIs may also play a positive role in the prevention and management of COVID-19 [92]. However, their effect is controversial: according to several studies, patients taking PPIs were at higher risk of serious clinical outcomes of COVID-19 [93], whereas other studies found a benefit in the use of PPIs in cases of COVID-19 [94,95].




2.12. Statins


Statins are hypolipidemic drugs, but they also have multiple beneficial anti-inflammatory and immunomodulatory properties. Of note, they affect RAS, increasing levels of ACE 2 receptor, the entry receptor for the SARS-CoV-2 virus [96]. A meta-analysis of retrospective observational studies showed that the use of statins prior to COVID-19 was associated with an approximately 35% decrease in the adjusted risk of mortality in hospitalized patients [97]. In contrast, randomized trials reported no benefit in treating COVID-19 patients with de novo introduction of statins after diagnosis of severe disease [98,99]. In obstetrics, statins may be useful in the prevention or treatment of preE [100]. Several groups have reported that pravastatin can resolve the preE phenotype in various animal models by reducing circulating sFlt-1, reducing inflammation, and increasing nitric oxide synthase [101]. A randomized pilot clinical trial of pravastatin versus placebo in pregnant women at high risk of preE confirmed the overall safety and favorable pregnancy outcomes in the pravastatin group, but a larger clinical trial is needed [102].




2.13. Therapeutic Apheresis


Therapeutic apheresis is an extracorporeal treatment to remove various pathogenic factors from the blood, such as autoantibodies, immune complexes, and inflammatory mediators. It has been successfully used to treat many hematologic, neurologic, renal, rheumatic, and metabolic diseases, as well as severe preE [103]. Pilot studies show that therapeutic apheresis reduces the circulating serum levels of sFlt-1, prolonging pregnancy without severe adverse consequences for the mother or fetus [104]. Numerous clinical cases have described the success of this treatment in severe forms of COVID-19 [105,106].




2.14. Vitamin D


Vitamin D has an impact on inflammation, regulation of the immune response, and an effect on RAS, angiogenesis, and endothelial status. Indeed, vitamin D reduces the production of proinflammatory cytokines, enhances innate cellular immunity, inhibits RAS, and restores the angiogenic balance [107,108,109]. Although many observational studies have reported that low vitamin D levels were associated with an increased risk of SARS-CoV-2 infection and worse outcomes [110], and a recent meta-analysis has suggested that vitamin D insufficiency or deficiency increased the risk of preE, the data on the benefits of its supplementation in these two pathologies are still inconclusive. One reason for this is that several studies had significant biases, such as size and heterogeneity in dosages [111,112]. The effects of the vitamin D on long COVID are not known. Since vitamin D insufficiency is associated with increased cardiovascular disease, improving vitamin D status could reduce the risk for long-term sequelae from COVID-19 [113]. According to Vanherwegen et al., vitamin D may also enhance immunity associated with vaccination [114]. Vitamin D deficiency is very common; therefore, it may be prudent to correct vitamin D deficiency, as recommended by the Endocrine Society’s Practice Guidelines on Vitamin D [115]. Changes in circulating angiogenic markers have been described after vitamin D supplementation [108]. More studies are needed to evaluate the angiogenic profile before and after vitamin D supplementation and the benefits of this vitamin for the prevention of preE.





3. Conclusions


We have reviewed the proposed or validated therapeutic options for the management of preE and those tested or potentially useful in the treatment of COVID-19. The two conditions share similarities in the pathogenic pathways involved, with ANG-II-mediated endothelial dysfunction secondary to an angiogenic imbalance, with effects on vasculature, coagulation, and inflammation [2,3]. A caveat is that the observations were derived from cases of the original SARS-CoV-2 primary infection; emerging SARS-CoV-2 variants as well as COVID vaccinations could alter various aspects of the virus biology, including human ACE-2 receptor binding affinity and, therefore, the RAS-mediated consequences [116,117]. Treatment options are still being defined, but understanding the factors involved in endothelial dysfunction could identify specific targeted therapies for the prevention and acute, and long-term phases of both conditions; some of the proposed drugs have been in use for decades, with proven safety profiles. Numerous pharmaceutical drugs have been repurposed for COVID-19 disease, and the same could be done for preE. Data on the angiogenic effect of many common drugs may provide the basis for their incorporation into therapeutic protocols for both COVID-19 and preE; for example, many of the treatment options mentioned above reduce circulating sFlt-1 concentrations and positively affect the course of both diseases. Peripheral blood biomarkers of endothelial cell activation/dysfunction may be clinically useful to guide treatment and monitor the therapeutic response. sFlt-1 and PlGF tests are already performed in many hospitals in obstetrics department, for the diagnosis and prognosis of placental dysfunction. sFlt-1 and PlGF can be measured in plasma and serum using automated immunoassays, with reference ranges according to gestational age. They are useful for risk stratification among women presenting with hypertensive disorders in pregnancy. The sFlt-1/PlGF ratio has a very high negative predictive value in ruling out the development of preE within 7 days among women with suspected preE, adverse maternal outcomes, or delivery within 14 days. Of note, women with a test result >85 are most likely to have, or will develop, preE and require intensive monitoring, whereas an sFlt-1/PlGF ratio <38 would rule out preE in the next 2 to 4 weeks [118]. Low PlGF discriminates between small fetuses with underlying placental pathology, also known as FGR (fetal growth restriction), and fetuses that are constitutionally small, also known as SGA (small for gestational age) [119].



There is also an urgent need to improve long COVID symptoms. The long term consequences of SARS-CoV-2 infection are little known; however, preliminary data suggest that these patients could have persistent microvascular dysfunction post-infection, mediated in part by increased sensitivity to ANG II, in a manner similar to preE. Immunomodulatory and anti-inflammatory agents, as well as therapeutic strategies directed at restoring the angiogenic imbalance, may prove beneficial.



We hope that these multidisciplinary considerations will shed light and increase knowledge for the management of both conditions, but also of all pathologies with underlying endothelial dysfunction. Evaluation of the angiogenic profile may soon become part of the routine tests for conditions associated with endothelial dysfunction, so as to detect its alterations and introduce drugs and supplements to restore an angiogenic balance.







Author Contributions


Conceptualization, V.G.; writing—original draft preparation, V.G.; writing—review and editing, V.G., P.V., C.G.-P., M.C. and A.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



American College of Obstetricians and Gynecologists. Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin Summary, Number 222. Obstet. Gynecol. 2020, 135, 1492–1495. [Google Scholar] [CrossRef]

	



Giardini, V.; Gambacorti-Passerini, C.; Casati, M.; Carrer, A.; Vergani, P. Can Similarities between the Pathogenesis of Preeclampsia and COVID-19 Increase the Understanding of COVID-19? Int. J. Transl. Med. 2022, 2, 186–197. [Google Scholar] [CrossRef]

	



Giardini, V.; Carrer, A.; Casati, M.; Contro, E.; Vergani, P.; Gambacorti-Passerini, C. Increased sFLT-1/PlGF ratio in COVID-19: A novel link to angiotensin II-mediated endothelial dysfunction. Am. J. Hematol. 2020, 95, E188–E191. [Google Scholar] [CrossRef]

	



Mendoza, M.; Garcia-Ruiz, I.; Maiz, N.; Rodo, C.; Garcia-Manau, P.; Serrano, B.; Lopez-Martinez, R.M.; Balcells, J.; Fernandez-Hidalgo, N.; Carreras, E.; et al. Pre-eclampsia-like syndrome induced by severe COVID-19: A prospective observational study. BJOG Int. J. Obstet. Gynaecol. 2020, 127, 1374–1380. [Google Scholar] [CrossRef]

	



Papageorghiou, A.T.; Deruelle, P.; Gunier, R.B.; Rauch, S.; García-May, P.K.; Mhatre, M.; Usman, M.A.; Abd-Elsalam, S.; Etuk, S.; Simmons, L.E.; et al. Preeclampsia and COVID-19: Results from the INTERCOVID prospective longitudinal study. Am. J. Obstet. Gynecol. 2021, 225, 289.e1–289.e17. [Google Scholar] [CrossRef]

	



Mohamed, K.; Rzymski, P.; Islam, M.S.; Makuku, R.; Mushtaq, A.; Khan, A.; Ivanovska, M.; Makka, S.A.; Hashem, F.; Marquez, L.; et al. COVID-19 vaccinations: The unknowns, challenges, and hopes. J. Med. Virol. 2022, 94, 1336–1349. [Google Scholar] [CrossRef] [PubMed]

	



Borczuk, A.C.; Yantiss, R.K. The pathogenesis of coronavirus-19 disease. J. Biomed. Sci. 2022, 29, 87. [Google Scholar] [CrossRef] [PubMed]

	



WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group; Sterne, J.A.C.; Murthy, S.; Diaz, J.V.; Slutsky, A.S.; Villar, J.; Angus, D.C.; Annane, D.; Azevedo, L.C.P.; Berwanger, O.; et al. Association between Administration of Systemic Corticosteroids and Mortality among Critically Ill Patients with COVID-19: A Meta-Analysis. JAMA 2020, 324, 1330–1341. [Google Scholar] [CrossRef] [PubMed]

	



Staffolani, S.; Iencinella, V.; Cimatti, M.; Tavio, M. Long COVID-19 syndrome as a fourth phase of SARS-CoV2 infection. Infez. Med. 2022, 30, 22–29. [Google Scholar] [CrossRef]

	



Rodriguez-Guerra, M.; Jadhav, P.; Vittorio, T.J. Current treatment in COVID-19 disease: A rapid review. Drugs Context 2021, 10, 2020-10-3. [Google Scholar] [CrossRef] [PubMed]

	



Hurrell, A.; Beardmore-Gray, A.; Duhig, K.; Webster, L.; Chappell, L.C.; Shennan, A.H. Placental growth factor in suspected preterm pre-eclampsia: A review of the evidence and practicalities of implementation. BJOG Int. J. Obstet. Gynaecol. 2020, 127, 1590–1597. [Google Scholar] [CrossRef]

	



Maynard, S.E.; Min, J.Y.; Merchan, J.; Lim, K.H.; Li, J.; Mondal, S.; Libermann, T.A.; Morgan, J.P.; Sellke, F.W.; Stillman, I.E.; et al. Excess placental soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to endothelial dysfunction, hypertension, and proteinuria in preeclampsia. J. Clin. Investig. 2003, 111, 649–658. [Google Scholar] [CrossRef]

	



Negro, A.; Fama, A.; Penna, D.; Belloni, L.; Zerbini, A.; Giuri, P.G. SFLT-1 levels in COVID-19 patients: Association with outcome and thrombosis. Am. J. Hematol. 2021, 96, E41–E43. [Google Scholar] [CrossRef] [PubMed]

	



Dupont, V.; Kanagaratnam, L.; Goury, A.; Poitevin, G.; Bard, M.; Julien, G.; Bonnivard, M.; Champenois, V.; Noel, V.; Mourvillier, B.; et al. Excess Soluble fms-like Tyrosine Kinase 1 Correlates with Endothelial Dysfunction and Organ Failure in Critically Ill Coronavirus Disease 2019 Patients. Clin. Infect. Dis. 2021, 72, 1834–1837. [Google Scholar] [CrossRef] [PubMed]

	



Yoo, S.Y.; Kwon, S.M. Angiogenesis and Its Therapeutic Opportunities. Mediat. Inflamm. 2013, 2013, 127170. [Google Scholar] [CrossRef] [PubMed]

	



Alsuliman, T.; Alasadi, L.; Alkharat, B.; Srour, M.; Alrstom, A. A review of potential treatments to date in COVID-19 patients according to the stage of the disease. Curr. Res. Transl. Med. 2020, 68, 93–104. [Google Scholar] [CrossRef]

	



Gojnic, M.; Petkovic, S.; Papic, M.; Mostic, T.; Jeremic, K.; Vilendecic, Z.; Djordjevic, S. Plasma albumin level as an indicator of severity of preeclampsia. Clin. Exp. Obstet. Gynecol. 2004, 31, 209–210. [Google Scholar]

	



Chen, C.; Zhang, Y.; Zhao, X.; Tao, M.; Yan, W.; Fu, Y. Hypoalbuminemia—An Indicator of the Severity and Prognosis of COVID-19 Patients: A Multicentre Retrospective Analysis. Infect. Drug Resist. 2021, 14, 3699–3710. [Google Scholar] [CrossRef]

	



Das, U.N. Albumin infusion for the critically ill—Is it beneficial and, if so, why and how? Crit. Care 2015, 19, 156. [Google Scholar] [CrossRef]

	



Wu, Y.; Zhu, H. Influence of human albumin combined with low-dose heparin on disease condition, serology and placental blood flow of severe preeclampsia patients. J. Hainan Med. Univ. 2018, 24, 72–76. [Google Scholar]

	



Zhang, L.; Yu, W.; Zhao, Y.; Chen, X.; Wang, P.; Fan, X.; Xu, Z. Albumin Infusion May Improve the Prognosis of Critical COVID-19 Patients with Hypoalbuminemia in the Intensive Care Unit: A Retrospective Cohort Study. Infect. Drug Resist. 2022, 15, 6039–6050. [Google Scholar] [CrossRef]

	



Li, C.; Raikwar, N.S.; Santillan, M.K.; Santillan, D.A.; Thomas, C.P. Aspirin inhibits expression of sFLT1 from human cytotrophoblasts induced by hypoxia, via cyclo-oxygenase 1. Placenta 2015, 36, 446–453. [Google Scholar] [CrossRef] [PubMed]

	



ACOG Committee Opinion No. 743: Low-Dose Aspirin Use During Pregnancy. Obstet. Gynecol. 2018, 132, e44–e52. [CrossRef]

	



Zareef, R.; Diab, M.; Al Saleh, T.; Makarem, A.; Younis, N.K.; Bitar, F.; Arabi, M. Aspirin in COVID-19: Pros and Cons. Front. Pharmacol. 2022, 13, 849628. [Google Scholar] [CrossRef]

	



Ahmed, H.A.S.; Merrell, E.; Ismail, M.; Joudeh, A.I.; Riley, J.B.; Shawkat, A.; Habeb, H.; Darling, E.; Goweda, R.A.; Shehata, M.H.; et al. Rationales and uncertainties for aspirin use in COVID-19: A narrative review. Fam. Med. Community Health 2021, 9, e000741. [Google Scholar] [CrossRef] [PubMed]

	



Wijaya, I.; Andhika, R.; Huang, I.; Purwiga, A.; Budiman, K.Y. The effects of aspirin on the outcome of COVID-19: A systematic review and meta-analysis. Clin. Epidemiol. Glob. Health 2021, 12, 100883. [Google Scholar] [CrossRef]

	



Sisinni, A.; Rossi, L.; Battista, A.; Poletti, E.; Battista, F.; Battista, R.A.; Malagoli, A.; Biagi, A.; Zanni, A.; Sticozzi, C.; et al. Pre-admission acetylsalicylic acid therapy and impact on in-hospital outcome in COVID-19 patients: The ASA-CARE study. Int. J. Cardiol. 2021, 344, 240–245. [Google Scholar] [CrossRef]

	



RECOVERY Collaborative Group. Aspirin in patients admitted to hospital with COVID-19 (RECOVERY): A randomised, controlled, open-label, platform trial. Lancet 2022, 399, 143–151. [Google Scholar] [CrossRef]

	



REMAP-CAP Writing Committee for the REMAP-CAP Investigators; Bradbury, C.A.; Lawler, P.R.; Stanworth, S.J.; McVerry, B.J.; McQuilten, Z.; Higgins, A.M.; Mouncey, P.R.; Al-Beidh, F.; Rowan, K.M.; et al. Effect of Antiplatelet Therapy on Survival and Organ Support–Free Days in Critically Ill Patients with COVID-19: A Randomized Clinical Trial. JAMA 2022, 327, 1247–1259. [Google Scholar] [CrossRef]

	



Walsh, S.W.; Strauss, J.F., III. The Road to Low-Dose Aspirin Therapy for the Prevention of Preeclampsia Began with the Placenta. Int. J. Mol. Sci. 2021, 22, 6985. [Google Scholar] [CrossRef] [PubMed]

	



Atallah, A.; Lecarpentier, E.; Goffinet, F.; Doret-Dion, M.; Gaucherand, P.; Tsatsaris, V. Aspirin for Prevention of Preeclampsia. Drugs 2017, 77, 1819–1831. [Google Scholar] [CrossRef]

	



Postpartum Low-Dose Aspirin after Preeclampsia for Optimization of Cardiovascular Risk (PAPVASC) (PAPVASC). Available online: https://clinicaltrials.gov/ct2/show/NCT04243278 (accessed on 22 January 2023).

	



Magann, E.F.; Haram, K.; Ounpraseuth, S.; Mortensen, J.H.; Spencer, H.J.; Morrison, J.C. Use of antenatal corticosteroids in special circumstances: A comprehensive review. Acta Obstet. Gynecol. Scand. 2017, 96, 395–409. [Google Scholar] [CrossRef] [PubMed]

	



Wallace, K.; Martin, J.N., Jr.; Tam, K.T.; Wallukat, G.; Dechend, R.; Lamarca, B.; Owens, M.Y. Seeking the mechanism(s) of action for corticosteroids in HELLP syndrome: SMASH study. Am. J. Obstet. Gynecol. 2013, 208, 380.e1–380.e8. [Google Scholar] [CrossRef] [PubMed]

	



Woudstra, D.M.; Chandra, S.; Hofmeyr, G.J.; Dowswell, T. Corticosteroids for HELLP (hemolysis, elevated liver enzymes, low platelets) syndrome in pregnancy. Cochrane Database Syst. Rev. 2010, 9, CD008148. [Google Scholar] [CrossRef] [PubMed]

	



Mao, M.; Chen, C. Corticosteroid Therapy for Management of Hemolysis, Elevated Liver Enzymes, and Low Platelet Count (HELLP) Syndrome: A Meta-Analysis. Med. Sci. Monit. 2015, 21, 3777–3783. [Google Scholar] [CrossRef] [PubMed]

	



RECOVERY Collaborative Group; Horby, P.; Lim, W.S.; Emberson, J.; Mafham, M.; Bell, J.L.; Linsell, L.; Staplin, N.; Brightling, C.; Ustianowski, A.; et al. Dexamethasone in hospitalized patients with COVID-19. N. Engl. J. Med. 2021, 384, 693–704. [Google Scholar] [PubMed]

	



COVID STEROID 2 Trial Group; Munch, M.W.; Myatra, S.N.; Vijayaraghavan, B.K.T.; Saseedharan, S.; Benfield, T.; Wahlin, R.R.; Rasmussen, B.S.; Andreasen, A.S.; Poulsen, L.M.; et al. Effect of 12 mg vs 6 mg of dexamethasone on the number of days alive without life support in adults with COVID-19 and severe hypoxemia: The COVID STEROID 2 randomized trial. JAMA 2021, 326, 1807–1817. [Google Scholar]

	



Toroghi, N.; Abbasian, L.; Nourian, A.; Davoudi-Monfared, E.; Khalili, H.; Hasannezhad, M.; Ghiasvand, F.; Jafari, S.; Emadi-Kouchak, H.; Yekaninejad, M.S. Comparing efficacy and safety of different doses of dexamethasone in the treatment of COVID-19: A three-arm randomized clinical trial. Pharmacol. Rep. 2022, 74, 229–240. [Google Scholar] [CrossRef] [PubMed]

	



Maskin, L.P.; Bonelli, I.; Olarte, G.L.; Palizas, J.F.; Velo, A.E.; Lurbet, M.F.; Lovazzano, P.; Kotsias, S.; Attie, S.; Saubidet, I.L.; et al. High- Versus Low-Dose Dexamethasone for the Treatment of COVID-19-Related Acute Respiratory Distress Syndrome: A Multicenter, Randomized Open-Label Clinical Trial. J. Intensiv. Care Med. 2022, 37, 491–499. [Google Scholar] [CrossRef]

	



Hwang, Y.C.; Lu, R.M.; Su, S.C.; Chiang, P.Y.; Ko, S.H.; Ke, F.Y.; Liang, K.H.; Hsieh, T.Y.; Wu, H.C. Monoclonal antibodies for COVID-19 therapy and SARS-CoV-2 detection. J. Biomed. Sci. 2022, 29, 1. [Google Scholar] [CrossRef]

	



Ruggenenti, P.; Di Marco, F.; Cortinovis, M.; Lorini, L.; Sala, S.; Novelli, L.; Raimondi, F.; Gastoldi, S.; Galbusera, M.; Donadelli, R.; et al. Eculizumab in patients with severe coronavirus disease 2019 (COVID-19) requiring continuous positive airway pressure ventilator support: Retrospective cohort study. PLoS ONE 2021, 16, e0261113. [Google Scholar] [CrossRef]

	



Annane, D.; Heming, N.; Grimaldi-Bensouda, L.; Frémeaux-Bacchi, V.; Vigan, M.; Roux, A.-L.; Marchal, A.; Michelon, H.; Rottman, M.; Moine, P. Eculizumab as an emergency treatment for adult patients with severe COVID-19 in the intensive care unit: A proof-of-concept study. Eclinicalmedicine 2020, 28, 100590. [Google Scholar] [CrossRef] [PubMed]

	



Pitts, T.C. Soliris to Stop Immune-Mediated Death in COVID-19 (SOLID-C19)—A Compassionate-Use Study of Terminal Complement Blockade in Critically Ill Patients with COVID-19-Related Adult Respiratory Distress Syndrome. Viruses 2021, 13, 2429. [Google Scholar] [CrossRef]

	



Lu, A.B.; Lazarus, B.; Rolnik, D.L.; Palmer, K.R. Pregnancy Prolongation After Eculizumab Use in Early-Onset Preeclampsia. Obstet. Gynecol. 2019, 134, 1215–1218. [Google Scholar] [CrossRef]

	



Stefanovic, V. The Extended Use of Eculizumab in Pregnancy and Complement Activation–Associated Diseases Affecting Maternal, Fetal and Neonatal Kidneys—The Future Is Now? J. Clin. Med. 2019, 8, 407. [Google Scholar] [CrossRef]

	



Sinha, N.; Balayla, G. Hydroxychloroquine and COVID-19. Postgrad. Med. J. 2020, 96, 550–555. [Google Scholar] [CrossRef] [PubMed]

	



Hennekens, C.H.; Rane, M.; Solano, J.; Alter, S.; Johnson, H.; Krishnaswamy, S.; Shih, R.; Maki, D.; DeMets, D.L. Updates on Hydroxychloroquine in Prevention and Treatment of COVID-19. Am. J. Med. 2022, 135, 7–9. [Google Scholar] [CrossRef]

	



Deharde, D.; Klockenbusch, W.; Schmitz, R.; Brand, M.; Köster, H.A.; de Murcia, K.O. Hydroxychloroquine as a Preventive and Therapeutic Option in Preeclampsia—A Literature Review. Geburtshilfe Frauenheilkd. 2020, 80, 679–685. [Google Scholar] [CrossRef]

	



Kadife, E.; Hannan, N.; Harper, A.; Binder, N.; Beard, S.; Brownfoot, F.C. Hydroxychloroquine reduces soluble Flt-1 secretion from human cytotrophoblast, but does not mitigate markers of endothelial dysfunction in vitro. PLoS ONE 2022, 17, e0271560. [Google Scholar] [CrossRef]

	



McLaughlin, K.; Nadeem, L.; Wat, J.; Baczyk, D.; Lye, S.J.; Kingdom, J.C. Low molecular weight heparin promotes transcription and release of placental growth factor from endothelial cells. Am. J. Physiol. Heart Circ. Physiol. 2020, 318, H1008–H1017. [Google Scholar] [CrossRef] [PubMed]

	



Moore, K.H.; Chapman, H.; George, E.M. Unfractionated heparin displaces sFlt-1 from the placental extracellular matrix. Biol. Sex Differ. 2020, 11, 34. [Google Scholar] [CrossRef]

	



Zheng, L.; Xia, B.; Yuan, Y.; Wang, Y.; Wang, Y. Low-molecular-weight heparin in addition to low-dose aspirin for preventing preeclampsia and its complications: A systematic review and meta-analysis. Front. Cardiovasc. Med. 2022, 9, 1073148. [Google Scholar] [CrossRef]

	



Attia, M.E.; Ahmed, A.K.; Marai, A.-R.A.E.-F. Role of low molecular weight of heparin in preventing severe preeclampsia. Al-Azhar Int. Med. J. 2022, 10, 67–72. [Google Scholar] [CrossRef]

	



McLaughlin, K.; Scholten, R.R.; Parker, J.D.; Ferrazzi, E.; Kingdom, J.C.P. Low molecular weight heparin for the prevention of severe preeclampsia: Where next? Br. J. Clin. Pharmacol. 2018, 84, 673–678. [Google Scholar] [CrossRef] [PubMed]

	



Nopp, S.; Moik, F.; Jilma, B.; Pabinger, I.; Ay, C. Risk of venous thromboembolism in patients with COVID-19: A systematic review and meta-analysis. Res. Pract. Thromb. Haemost. 2020, 4, 1178–1191. [Google Scholar] [CrossRef] [PubMed]

	



Reichman-Warmusz, E.; Warmusz, O.; Wojnicz, R. The rationale for using low-molecular weight heparin in the therapy of symptomatic COVID-19 patients. Open Med. 2022, 17, 216–220. [Google Scholar] [CrossRef] [PubMed]

	



Kyriakoulis, K.G.; Dimakakos, E.; Kyriakoulis, I.G.; Catalano, M.; Spyropoulos, A.C.; Schulman, S.; Douketis, J.; Falanga, A.; Maraveyas, A.; Olinic, D.-M.; et al. Practical Recommendations for Optimal Thromboprophylaxis in Patients with COVID-19: A Consensus Statement Based on Available Clinical Trials. J. Clin. Med. 2022, 11, 5997. [Google Scholar] [CrossRef] [PubMed]

	



Daniela, B.; Bernardini, D.; Nasulewic, A.; Mazur, A.; Maier, J.A.M. Magnesium and microvascular endothelial cells: A role in inflammation and angiogenesis. Front. Biosci. 2005, 10, 1177–1182. [Google Scholar] [CrossRef]

	



Kostov, K.; Halacheva, L. Role of Magnesium Deficiency in Promoting Atherosclerosis, Endothelial Dysfunction, and Arterial Stiffening as Risk Factors for Hypertension. Int. J. Mol. Sci. 2018, 19, 1724. [Google Scholar] [CrossRef]

	



Bartal, M.F.; Sibai, B.M. Eclampsia in the 21st century. Am. J. Obstet. Gynecol. 2022, 226, S1237–S1253. [Google Scholar] [CrossRef]

	



Trapani, V.; Rosanoff, A.; Baniasadi, S.; Barbagallo, M.; Castiglioni, S.; Guerrero-Romero, F.; Iotti, S.; Mazur, A.; Micke, O.; Pourdowlat, G.; et al. The relevance of magnesium homeostasis in COVID-19. Eur. J. Nutr. 2021, 61, 625–636. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Q.; Zhao, M.; Tong, M.; Xu, L.; Groom, K.; Stone, P.; Chamley, L. Melatonin supplementation prevents endothelial cell activation, possible relevance to preeclampsia: Endothelial dysfunction, anti-angiogenic factors. Pregnancy Hypertens. 2016, 6, 207–208. [Google Scholar] [CrossRef]

	



Zhang, R.; Wang, X.; Ni, L.; Di, X.; Ma, B.; Niu, S.; Liu, C.; Reiter, R.J. COVID-19: Melatonin as a potential adjuvant treatment. Life Sci. 2020, 250, 117583. [Google Scholar] [CrossRef] [PubMed]

	



Juybari, K.B.; Pourhanifeh, M.H.; Hosseinzadeh, A.; Hemati, K.; Mehrzadi, S. Melatonin potentials against viral infections including COVID-19: Current evidence and new findings. Virus Res. 2020, 287, 198108. [Google Scholar] [CrossRef]

	



Fantasia, I.; Bussolaro, S.; Stampalija, T.; Rolnik, D.L. The role of melatonin in pregnancies complicated by placental insufficiency: A systematic review. Eur. J. Obstet. Gynecol. Reprod. Biol. 2022, 278, 22–28. [Google Scholar] [CrossRef]

	



Nakamura, Y.; Tamura, H.; Kashida, S.; Takayama, H.; Yamagata, Y.; Karube, A.; Sugino, N.; Kato, H. Changes of serum melatonin level and its relationship to feto-placental unit during pregnancy. J. Pineal Res. 2001, 30, 29–33. [Google Scholar] [CrossRef] [PubMed]

	



Langston-Cox, A.; Marshall, S.A.; Lu, D.; Palmer, K.R.; Wallace, E.M. Melatonin for the Management of Preeclampsia: A Review. Antioxidants 2021, 10, 376. [Google Scholar] [CrossRef]

	



Lan, S.H.; Lee, H.Z.; Chao, C.M.; Chang, S.F.; Lu, L.C.; Lai, C.C. Efficacy of melatonin in the treatment of patients with COVID-19: A systematic review and meta-analysis of randomized controlled trials. J. Med. Virol. 2022, 94, 2102–2107. [Google Scholar] [CrossRef]

	



Reiter, R.J.; Sharma, R.; Simko, F.; Dominguez-Rodriguez, A.; Tesarik, J.; Neel, R.L.; Slominski, A.T.; Kleszczynski, K.; Martin-Gimenez, V.M.; Manucha, W.; et al. Melatonin: Highlighting its use as a potential treatment for SARS-CoV-2 infection. Cell. Mol. Life Sci. 2022, 79, 143. [Google Scholar] [CrossRef]

	



Cardinali, D.P.; Brown, G.M.; Pandi-Perumal, S.R. Possible Application of Melatonin in Long COVID. Biomolecules 2022, 12, 1646. [Google Scholar] [CrossRef] [PubMed]

	



Romero, R.; Erez, O.; Hüttemann, M.; Maymon, E.; Panaitescu, B.; Conde-Agudelo, A.; Pacora, P.; Yoon, B.H.; Grossman, L.I. Metformin, the aspirin of the 21st century: Its role in gestational diabetes mellitus, prevention of preeclampsia and cancer, and the promotion of longevity. Am. J. Obstet. Gynecol. 2017, 217, 282–302. [Google Scholar] [CrossRef]

	



Cluver, C.; Walker, S.P.; Mol, B.W.; Hall, D.; Hiscock, R.; Brownfoot, F.C.; Kaitu’U-Lino, T.J.; Tong, S. A double blind, randomised, placebo-controlled trial to evaluate the efficacy of metformin to treat preterm pre-eclampsia (PI2 Trial): Study protocol. BMJ Open 2019, 9, e025809. [Google Scholar] [CrossRef]

	



Brownfoot, F.C.; Hastie, R.; Hannan, N.J.; Cannon, P.; Tuohey, L.; Parry, L.; Senadheera, S.; Illanes, S.; Kaitu’U-Lino, T.J.; Tong, S. Metformin as a prevention and treatment for preeclampsia: Effects on soluble fms-like tyrosine kinase 1 and soluble endoglin secretion and endothelial dysfunction. Am. J. Obstet. Gynecol. 2016, 214, 356.e1–356.e15. [Google Scholar] [CrossRef] [PubMed]

	



Cluver, C.A.; Hiscock, R.; Decloedt, E.H.; Hall, D.R.; Schell, S.; Mol, B.W.; Brownfoot, F.; Kaitu’U-Lino, T.J.; Walker, S.P.; Tong, S. Use of metformin to prolong gestation in preterm pre-eclampsia: Randomised, double blind, placebo controlled trial. BMJ 2021, 374, n2103. [Google Scholar] [CrossRef] [PubMed]

	



Scheen, A.J. Metformin and COVID-19: From cellular mechanisms to reduced mortality. Diabetes Metab. 2020, 46, 423–426. [Google Scholar] [CrossRef] [PubMed]

	



Ibrahim, S.; Lowe, J.R.; Bramante, C.T.; Shah, S.; Klatt, N.R.; Sherwood, N.; Aronne, L.; Puskarich, M.; Tamariz, L.; Palacio, A.; et al. Metformin and Covid-19: Focused Review of Mechanisms and Current Literature Suggesting Benefit. Front. Endocrinol. 2021, 12, 587801. [Google Scholar] [CrossRef]

	



Reis, G.; Silva, E.A.D.S.M.; Silva, D.C.M.; Thabane, L.; Milagres, A.C.; Ferreira, T.S.; dos Santos, C.V.Q.; Neto, A.D.d.F.; Callegari, E.D.; Savassi, L.C.M.; et al. Effect of early treatment with metformin on risk of emergency care and hospitalization among patients with COVID-19: The TOGETHER randomized platform clinical trial. Lancet Reg. Health Am. 2022, 6, 100142, PMC8668402. PMCID:34927127. [Google Scholar] [CrossRef]

	



Bramante, C.T.; Huling, J.D.; Tignanelli, C.J.; Buse, J.B.; Liebovitz, D.M.; Nicklas, J.M.; Cohen, K.; Puskarich, M.A.; Belani, H.K.; Proper, J.L.; et al. Randomized Trial of Metformin, Ivermectin, and Fluvoxamine for Covid-19. N. Engl. J. Med. 2022, 387, 599–610. [Google Scholar] [CrossRef] [PubMed]

	



Bramante, C.T.; Buse, J.B.; Liebovitz, D.; Nicklas, J.; Puskarich, M.A.; Cohen, K.; Belani, H.; Anderson, B.; Huling, J.D.; Tignanelli, C.; et al. Outpatient treatment of Covid-19 with metformin, ivermectin, and fluvoxamine and the development of Long Covid over 10-month follow-up. medRxiv 2022, Preprint. [Google Scholar] [CrossRef]

	



Pacher, P.; Beckman, J.S.; Liaudet, L. Nitric Oxide and Peroxynitrite in Health and Disease. Physiol. Rev. 2007, 87, 315–424. [Google Scholar] [CrossRef]

	



Fang, W.; Jiang, J.; Su, L.; Shu, T.; Liu, H.; Lai, S.; Ghiladi, R.A.; Wang, J. The role of NO in COVID-19 and potential therapeutic strategies. Free. Radic. Biol. Med. 2021, 163, 153–162. [Google Scholar] [CrossRef] [PubMed]

	



Tashie, W.; Fondjo, L.A.; Owiredu, W.K.B.A.; Ephraim, R.K.D.; Asare, L.; Adu-Gyamfi, E.A.; Seidu, L. Altered Bioavailability of Nitric Oxide and L-Arginine Is a Key Determinant of Endothelial Dysfunction in Preeclampsia. BioMed Res. Int. 2020, 2020, 3251956. [Google Scholar] [CrossRef] [PubMed]

	



Vadillo-Ortega, F.; Perichart-Perera, O.; Espino, S.; Vergara, M.A.A.; Ibarra-Gonzalez, I.; Ahued, R.; Godines, M.; Parry, S.; Macones, G.; Strauss, J.F. Effect of supplementation during pregnancy with L-arginine and antioxidant vitamins in medical food on pre-eclampsia in high risk population: Randomised controlled trial. BMJ 2011, 342, d2901. [Google Scholar] [CrossRef] [PubMed]

	



Adebayo, A.; Varzideh, F.; Wilson, S.; Gambardella, J.; Eacobacci, M.; Jankauskas, S.S.; Donkor, K.; Kansakar, U.; Trimarco, V.; Mone, P.; et al. l-Arginine and COVID-19: An Update. Nutrients 2021, 13, 3951. [Google Scholar] [CrossRef]

	



De Bie, F.R.; Basurto, D.; Kumar, S.; Deprest, J.; Russo, F.M. Sildenafil during the 2nd and 3rd Trimester of Pregnancy: Trials and Tribulations. Int. J. Environ. Res. Public Health 2022, 19, 11207. [Google Scholar] [CrossRef]

	



Santamarina, M.G.; Beddings, I.; Lomakin, F.M.; Riscal, D.B.; Claveria, M.G.; Marambio, J.V.; Báez, N.R.; Novoa, C.P.; Allende, C.R.; Perey, P.F.; et al. Sildenafil for treating patients with COVID-19 and perfusion mismatch: A pilot randomized trial. Crit. Care 2022, 26, 1–12. [Google Scholar] [CrossRef]

	



Onda, K.; Tong, S.; Beard, S.; Binder, N.; Muto, M.; Senadheera, S.N.; Parry, L.; Dilworth, M.; Renshall, L.; Brownfoot, F.; et al. Proton Pump Inhibitors Decrease Soluble fms-Like Tyrosine Kinase-1 and Soluble Endoglin Secretion, Decrease Hypertension, and Rescue Endothelial Dysfunction. Hypertension 2017, 69, 457–468. [Google Scholar] [CrossRef]

	



Tong, S.; Kaitu’U-Lino, T.J.; Hastie, R.; Brownfoot, F.; Cluver, C.; Hannan, N. Pravastatin, proton-pump inhibitors, metformin, micronutrients, and biologics: New horizons for the prevention or treatment of preeclampsia. Am. J. Obstet. Gynecol. 2022, 226, S1157–S1170. [Google Scholar] [CrossRef]

	



Cluver, C.A.; Hannan, N.J.; van Papendorp, E.; Hiscock, R.; Beard, S.; Mol, B.W.; Theron, G.B.; Hall, D.R.; Decloedt, E.H.; Stander, M.; et al. Esomeprazole to treat women with preterm preeclampsia: A randomized placebo controlled trial. Am. J. Obstet. Gynecol. 2018, 219, 388.e1–388.e17. [Google Scholar] [CrossRef]

	



Hussain, S.; Singh, A.; Antony, B.; Klugarová, J.; Murad, M.H.; Jayraj, A.S.; Langaufová, A.; Klugar, M. Proton Pump Inhibitors Use and Risk of Preeclampsia: A Meta-Analysis. J. Clin. Med. 2022, 11, 4675. [Google Scholar] [CrossRef]

	



Ray, A.; Sharma, S.; Sadasivam, B. The Potential Therapeutic Role of Proton Pump Inhibitors in COVID-19: Hypotheses Based on Existing Evidences. Drug Res. 2020, 70, 484–488. [Google Scholar] [CrossRef]

	



Almario, C.V.; Chey, W.D.; Spiegel, B.M.R. Increased Risk of COVID-19 among Users of Proton Pump Inhibitors. Am. J. Gastroenterol. 2020, 115, 1707–1715. [Google Scholar] [CrossRef]

	



Zippi, M.; Fiorino, S.; Budriesi, R.; Micucci, M.; Corazza, I.; Pica, R.; de Biase, D.; Gallo, C.G.; Hong, W. Paradoxical relationship between proton pump inhibitors and COVID-19: A systematic review and meta-analysis. World J. Clin. Cases 2021, 9, 2763–2777. [Google Scholar] [CrossRef]

	



Shafrir, A.; Benson, A.A.; Katz, L.H.; Hershcovici, T.; Bitan, M.; Paltiel, O.; Calderon-Margalit, R.; Safadi, R.; Shauly-Aharonov, M. The Association between Proton Pump Inhibitors and COVID-19 Is Confounded by Hyperglycemia in a Population-Based Study. Front. Pharmacol. 2022, 13, 791074. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, R.; Lee, M.H.; Mickael, C.; Kassa, B.; Pasha, Q.; Tuder, R.; Graham, B. Pathophysiology and potential future therapeutic targets using preclinical models of COVID-19. ERJ Open Res. 2020, 6, 00405-2020. [Google Scholar] [CrossRef] [PubMed]

	



Kollias, A.; Kyriakoulis, K.G.; Kyriakoulis, I.G.; Nitsotolis, T.; Poulakou, G.; Stergiou, G.S.; Syrigos, K. Statin use and mortality in COVID-19 patients: Updated systematic review and meta-analysis. Atherosclerosis 2021, 330, 114–121. [Google Scholar] [CrossRef] [PubMed]

	



INSPIRATION-S Investigators. Atorvastatin versus placebo in patients with COVID-19 in intensive care: Randomized controlled trial. BMJ 2022, 376, e068407. [Google Scholar] [CrossRef]

	



Ghati, N.; Bhatnagar, S.; Mahendran, M.; Thakur, A.; Prasad, K.; Kumar, D.; Dwivedi, T.; Mani, K.; Tiwari, P.; Gupta, R.; et al. Statin and aspirin as adjuvant therapy in hospitalised patients with SARS-CoV-2 infection: A randomised clinical trial (RESIST trial). BMC Infect. Dis. 2022, 22, 606. [Google Scholar] [CrossRef]

	



Vahedian-Azimi, A.; Karimi, L.; Reiner, Ž.; Makvandi, S.; Sahebkar, A. Effects of statins on preeclampsia: A systematic review. Pregnancy Hypertens. 2021, 23, 123–130. [Google Scholar] [CrossRef]

	



Costantine, M.M.; Tamayo, E.; Lu, F.; Bytautiene, E.; Longo, M.; Hankins, G.D.V.; Saade, G.R. Using pravastatin to improve the vascular reactivity in a mouse model of soluble fms-like tyrosine kinase-1–induced preeclampsia. Obstet. Gynecol. 2010, 116, 114–120. [Google Scholar] [CrossRef]

	



Costantine, M.M.; West, H.; Wisner, K.L.; Caritis, S.; Clark, S.; Venkataramanan, R.; Stika, C.S.; Rytting, E.; Wang, X.; Ahmed, M.S.; et al. A randomized pilot clinical trial of pravastatin versus placebo in pregnant patients at high risk of preeclampsia. Am. J. Obstet. Gynecol. 2021, 225, 666.e1–666.e15. [Google Scholar] [CrossRef]

	



Padmanabhan, A.; Connelly-Smith, L.; Aqui, N.; Balogun, R.A.; Klingel, R.; Meyer, E.; Pham, H.P.; Schneiderman, J.; Witt, V.; Wu, Y.; et al. Guidelines on the Use of Therapeutic Apheresis in Clinical Practice—Evidence-Based Approach from the Writing Committee of the American Society for Apheresis: The Eighth Special Issue. J. Clin. Apher. 2019, 34, 171–354. [Google Scholar] [CrossRef]

	



Contini, C.; Pütz, G.; Pecks, U.; Winkler, K. Apheresis as emerging treatment option in severe early onset preeclampsia. Atheroscler. Suppl. 2019, 40, 61–67. [Google Scholar] [CrossRef]

	



Lezhnina, A.; Lem, V.; Blatt, N. Application of Extracorporeal Apheresis in Treatment of COVID-19: A Rapid Review. BioNanoScience 2022, 12, 979–993. [Google Scholar] [CrossRef] [PubMed]

	



Beraud, M.; Al Hashami, S.; Lozano, M.; Bah, A.; Keith, P. Role of therapeutic plasma exchange in the management of COVID-19-induced cytokine storm syndrome. Transfus. Apher. Sci. 2022, 61, 103433. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, J.; McCullough, P.A.; Tecson, K.M. Vitamin D defciency in association with endothelial dysfunction: Implications for patients with COVID-19. Rev. Cardiovasc. Med. 2020, 21, 339–344. [Google Scholar] [CrossRef]

	



Kaur, J.; Kamboj, K.; Yadav, A.K.; Kaur, P.; Kumar, V.; Jha, V. Cholecalciferol supplementation and angiogenic markers in chronic kidney disease. PLoS ONE 2022, 17, e0268946. [Google Scholar] [CrossRef] [PubMed]

	



Ao, T.; Kikuta, J.; Ishii, M. The Effects of Vitamin D on Immune System and Inflammatory Diseases. Biomolecules 2021, 11, 1624. [Google Scholar] [CrossRef] [PubMed]

	



Bae, J.H.; Choe, H.J.; Holick, M.F.; Lim, S. Association of vitamin D status with COVID-19 and its severity. Rev. Endocr. Metab. Disord. 2022, 23, 579–599. [Google Scholar] [CrossRef]

	



Hu, K.L.; Zhang, C.X.; Chen, P.; Zhang, D.; Hunt, S. Vitamin D Levels in Early and Middle Pregnancy and Preeclampsia, a Systematic Review and Meta-Analysis. Nutrients 2022, 14, 999. [Google Scholar] [CrossRef]

	



Poniedziałek-Czajkowska, E.; Mierzyński, R. Could Vitamin D Be Effective in Prevention of Preeclampsia? Nutrients 2021, 13, 3854. [Google Scholar] [CrossRef]

	



Barrea, L.; Verde, L.; Grant, W.B.; Frias-Toral, E.; Sarno, G.; Vetrani, C.; Ceriani, F.; Garcia-Velasquez, E.; Contreras-Briceño, J.; Savastano, S.; et al. Vitamin D: A Role Also in Long COVID-19? Nutrients 2022, 14, 1625. [Google Scholar] [CrossRef] [PubMed]

	



Vanherwegen, A.S.; Gysemans, C.; Mathieu, C. Vitamin D endocrinology on the cross-road between immunity and metabolism. Mol. Cell. Endocrinol. 2017, 453, 52–67. [Google Scholar] [CrossRef] [PubMed]

	



Ulivieri, F.M.; Banfi, G.; Camozzi, V.; Colao, A.; Formenti, A.M.; Frara, S.; Lombardi, G.; Napoli, N.; Giustina, A. Vitamin D in the Covid-19 era: A review with recommendations from a G.I.O.S.E.G. expert panel. Endocrine 2021, 72, 597–603. [Google Scholar] [CrossRef] [PubMed]

	



Mittal, A.; Khattri, A.; Verma, V. Structural and antigenic variations in the spike protein of emerging SARS-CoV-2 variants. PLoS Pathog. 2022, 18, e1010260. [Google Scholar] [CrossRef] [PubMed]

	



Hirabara, S.M.; Serdan, T.D.A.; Gorjao, R.; Masi, L.N.; Pithon-Curi, T.C.; Covas, D.T.; Curi, R.; Durigon, E.L. SARS-COV-2 Variants: Differences and Potential of Immune Evasion. Front. Cell. Infect. Microbiol. 2022, 11, 781429. [Google Scholar] [CrossRef]

	



Verlohren, S.; Brennecke, S.P.; Galindo, A.; Karumanchi, S.A.; Mirkovic, L.B.; Schlembach, D.; Stepan, H.; Vatish, M.; Zeisler, H.; Rana, S. Clinical interpretation and implementation of the sFlt-1/PlGF ratio in the prediction, diagnosis and management of preeclampsia. Pregnancy Hypertens. 2022, 27, 42–50. [Google Scholar] [CrossRef] [PubMed]

	



Benton, S.J.; McCowan, L.M.; Heazell, A.E.; Grynspan, D.; Hutcheon, J.A.; Senger, C.; Burke, O.; Chan, Y.; Harding, J.E.; Yockell-Lelièvre, J.; et al. Placental growth factor as a marker of fetal growth restriction caused by placental dysfunction. Placenta 2016, 42, 1–8. [Google Scholar] [CrossRef]








[image: Ijtm 03 00015 g001 550] 





Figure 1. Schematic summary of the pathogenesis of preE and COVID-19. Legend: AT1-AA: angiotensin II type 1 receptor agonistic autoantibody; ACE2: ang-converting enzyme 2; RAS: renin-angiotensin system; Ang II: angiotensin II; Ang 1–7: angiotensin 1–7; sFlt-1: soluble FMS-like tyrosine kinase-1; LFTs: liver function tests; HELLP Syndrome: hemolysis, elevated liver enzymes, low platelets; PRES: posterior reversible encephalopathy syndrome. * refers to manifestations typically associated with preE. Image taken from our article about similarities between the pathogenesis of preE and COVID-19 [2]. 






Figure 1. Schematic summary of the pathogenesis of preE and COVID-19. Legend: AT1-AA: angiotensin II type 1 receptor agonistic autoantibody; ACE2: ang-converting enzyme 2; RAS: renin-angiotensin system; Ang II: angiotensin II; Ang 1–7: angiotensin 1–7; sFlt-1: soluble FMS-like tyrosine kinase-1; LFTs: liver function tests; HELLP Syndrome: hemolysis, elevated liver enzymes, low platelets; PRES: posterior reversible encephalopathy syndrome. * refers to manifestations typically associated with preE. Image taken from our article about similarities between the pathogenesis of preE and COVID-19 [2].



[image: Ijtm 03 00015 g001]







[image: Ijtm 03 00015 g002 550] 





Figure 2. Angiogenic factor interactions. Image taken from our article about similarities between the pathogenesis of preE and COVID-19 [2]. 
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Table 1. Therapeutic strategies proposed for preE and COVID-19.
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	Treatments





	
	
Albumin infusion



	
Aspirin



	
Corticosteroids



	
Eculizumab



	
Hydroxychloroquine



	
Low molecular weight heparin



	
Magnesium



	
Melatonin



	
Metformin



	
Nitric Oxide



	
Proton pump inhibitors



	
Statins



	
Therapetic apheresis



	
Vitamin D





















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijtm-03-00015


  
    		
      ijtm-03-00015
    


  




  





media/file3.png
Pro-angiogenic factors

Anti-angiogenic factor

Vascular
protection

sFit-1 / sVEGFR-1

Endothelial
dysfunction






media/file1.png
PATHOGENESIS:

Stagel:
placental/lung stage

Preeclampsia®

i

j.

fi

Abnormal placentation
Placental ischemia and hypoxia

AT1-AA

CoviD-13

o ‘ .

Interstitial pneumonia/RDS
Alveolarischemiaand hypoxia

JACE2

/ A Angll \bAng(l-N

Systemicinflammation

Cytokine storm syndrome
Oxidative Stress
4 vascular permeability
Fibrosis

\

Altered angiogenesis

Angiogenicimbalance

Activated coagulation system 4 sFit-1

Stage ll:
systemic stage

|

Systemic endothelial dysfunction

|

Organ Damages

® ® @

Proteinuria M LFTs - Cholestasis
Renal insufficiency HELLP syndrome *

Cerebral edema Thrombotic
Eclampsia*/PRES microangiopathy
Hypertension *





media/file0.jpg
PATHOGENESIS:

o
s SO
& ‘ .
s i
e, et
ATLAA \ / vace2
2 F . i
i, ' e
— ==
BT i s
_—
s 8

OrganDamages
ot AT Chokestads Cerebaledoma hrombote
Renaloufidensy WL ydne s Fompie e

micoungopty
penerson





media/file2.jpg
Pro-angiogenic factors

Vascular
protection

Anti-angiogenic factor

SFit-1 / SVEGFR-1






