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INTRODUCTION

During pregnancy, chronic hypertension (CHTN) is defined by the existence of pre-existing hypertension before the onset of the pregnancy (with or without treatment), or the finding of a hypertension before 20 weeks of gestation. CHTN affects 1-5% of women of childbearing age [START_REF] Haddad | Chronic hypertension in pregnancy[END_REF][START_REF] Roberts | The accuracy of reporting of the hypertensive disorders of pregnancy in population health data[END_REF][START_REF] Bateman | Prevalence, trends, and outcomes of chronic hypertension: a nationwide sample of delivery admissions[END_REF][START_REF] Bramham | Chronic hypertension and pregnancy outcomes: systematic review and meta-analysis[END_REF].

Its prevalence increased in US between 1995 and 2008 from 0.97% to 1.76% [START_REF] Rey | The prognosis of pregnancy in women with chronic hypertension[END_REF]. However, this prevalence is relatively stable in France ; the French national perinatal survey reports CHTN prevalence before pregnancy of 1% in 2010 and 0.7% in 2016.

Several risk factors for CHTN are described in the literature: ethnic origin (Black African or Caribbean) [START_REF] Caughey | Maternal ethnicity, paternal ethnicity, and parental ethnic discordance: predictors of preeclampsia[END_REF], age of women > 35 years [START_REF] Mathews | Mean Age of Mothers is on the Rise: United States, 2000-2014[END_REF][START_REF] Yoder | Hypertension in pregnancy and women of childbearing age[END_REF], and obesity [START_REF] Rey | The prognosis of pregnancy in women with chronic hypertension[END_REF]. The objectives of this article is first to detail the complications of chronic hypertension during pregnancy, then to review the expected benefits of low dose aspirin in prevention of preeclampsia during pregnancy and more specifically in patients with chronic arterial hypertension. Finally, we will present a summary of the main national recommendations, and we will present the French randomized controlled trial CHASAP (Chronic Hypertension and Acetyl Salicylic Acid in Pregnancy).

METHODS

The PubMed database has been systematically consulted with an appropriate search strategy. We did not place any restrictions on the year of publication. We only took acount the articles or reports published in English or French. Additionally, we hand searched the cross-references of the included studies.

COMPLICATIONS OF CHRONIC HYPERTENSION DURING PREGNANCY

In women with CHTN, the risk of both preterm and term preeclampsia (PE) is 5-6 times higher than in women without this medical disorder [START_REF] Panaitescu | Chronic hypertension and adverse pregnancy outcome: a cohort study[END_REF]. The risk of superimposed preeclampsia is estimated at 25.9% (95% CI: 21% -31.5%) in a recent meta-analysis [START_REF] Bramham | Chronic hypertension and pregnancy outcomes: systematic review and meta-analysis[END_REF]. In this same meta-analysis, the studies from the United States were reviewed separately: they show a risk of superimposed PE at 29.2% (95% CI: 21.6% -38.2%). Our team published a retrospective study of 211 patients with CHTN from the Paris region. Our results, included in the meta-analysis (4), found a risk of 23% [START_REF] Lecarpentier | Risk factors of superimposed preeclampsia in women with essential chronic hypertension treated before pregnancy[END_REF].

Recently, the CHIPS (Control of Hypertension in Pregnancy Study) trial, a large multicenter international study including 981 participants (75% of whom had CHTN) found a risk of PE to almost 28% [START_REF] Magee | Less-tight versus tight control of hypertension in pregnancy[END_REF]. In this latter study, the authors also analyzed the occurrence of PE according to the new definition of preeclampsia(12); the risk of PE raised at 47.3% [START_REF] Magee | Less-tight versus tight control of hypertension in pregnancy[END_REF]. One feature of superimposed preeclampsia on CHTN is its early onset. Indeed, in a prospective study of 861 patients, superimposed PE that occurred before 37 weeks was observed in 51% of the cases of preeclampsia [START_REF] Chappell | Adverse perinatal outcomes and risk factors for preeclampsia in women with chronic hypertension: a prospective study[END_REF].

The incidence of Intra-Uterine Growth Restriction (IUGR) below the 10th percentile is higher in patients with CHTN when compared to the general population (RR: 2.4, 95% CI: 1.7 -3.6) (8). In addition, compared with non-hypertensive patients, its frequency is multiplied by 5.5 for premature IUGR and 1.5 for term IUGR [START_REF] Catov | Chronic hypertension related to risk for preterm and term small for gestational age births[END_REF]. In recent studies, this risk is found between 17.9% and 27.2% [START_REF] Magee | Less-tight versus tight control of hypertension in pregnancy[END_REF][START_REF] Chappell | Adverse perinatal outcomes and risk factors for preeclampsia in women with chronic hypertension: a prospective study[END_REF].

Preterm delivery is also found to be very high in patients with CHTN. In a recent meta-analysis (4), preterm birth at less than 37 weeks of gestation complicates 28.1% of pregnancies in chronic hypertensive women (95% CI: 22.5% -34.4%). In addition, the authors were able to compare the CHTN-induced prematurity with that of the general American population in the studies included in the meta-analysis, which is found to be 33% in chronic hypertensive versus 12% in the general population (RR: 2.7, 95% CI: 1.9-3.6). Importantly, prematurity at less than 37 weeks of gestation remains elevated in chronic hypertensive patients even without superimposed PE; in the study published by our team it is found at 19.8% [START_REF] Lecarpentier | Risk factors of superimposed preeclampsia in women with essential chronic hypertension treated before pregnancy[END_REF].

Placental abruption is observed in 1.5% of women with chronic hypertension [START_REF] Sibai | Risk factors for preeclampsia, abruptio placentae, and adverse neonatal outcomes among women with chronic hypertension. National Institute of Child Health and Human Development Network of Maternal-Fetal Medicine Units[END_REF], and compared to the general population the relative risk is 2.4 (95% CI: 2.3 -2.5) [START_REF] Ananth | Chronic hypertension and risk of placental abruption: is the association modified by ischemic placental disease?[END_REF].

In a a longitudinal cohort study, the perinatal death rate in chronic hypertensive patients was found at 4.5% compared to 1.2% found in non-hypertensive patients (relative risk: 3.2, 95% CI: 1.8 -5.5) [START_REF] Rey | The prognosis of pregnancy in women with chronic hypertension[END_REF].

In the same study, the authors found that superimposed PE in chronic hypertensive women was associated with a significantly higher perinatal death rate compared to patients with chronic hypertension without superimposed PE (10.8% vs 2.9%, relative risk: 3.6, 95% CI: 1.4-9.2).

Importantly in this study, almost a third of perinatal deaths occurred outside of superimposed PE. In a meta analysis encompassing 795 221 pregnancies, Bramham et al report in chronic hypertensive patients, a perinatal death of 3.99% (95% CI: 2.95% -5.38%) (4), in agreement with our results (3.79%) [START_REF] Lecarpentier | Risk factors of superimposed preeclampsia in women with essential chronic hypertension treated before pregnancy[END_REF].

PREVENTION OF PREGNANCY COMPLICATIONS WITH LOW DOSES ASPIRIN

The first evidence of the obstetrical efficacy of aspirin was noted in 1985 by Beaufils et al [START_REF] Beaufils | Prevention of pre-eclampsia by early antiplatelet therapy[END_REF], in an open label randomized trial which studied the preventive treatment with aspirin (aspirin 150 mg + dipyridamole 300mg vs placebo) in 102 patients at high risk of preeclampsia and/or intrauterine growth restriction. The prevalence of preeclampsia was significantly reduced in the aspirin group compared with the control group (0/48 vs 6/45 p<0.05). In 1991, the same team published the randomized, double-blind EPREDA trial which showed a beneficial effect of aspirin (150 mg) in the secondary prevention of intrauterine growth restriction [START_REF] Uzan | Prevention of fetal growth retardation with low-dose aspirin: findings of the EPREDA trial[END_REF]. Thereafter the majority of the studies were designed to analyze the effectiveness of aspirin in preventing preeclampsia in patients at high risk and low risk. Most of these studies, used doses of aspirin < 75 mg and inclusion gestational age > 15SA [START_REF] Uzan | Prevention of fetal growth retardation with low-dose aspirin: findings of the EPREDA trial[END_REF][START_REF] Viinikka | Low dose aspirin in hypertensive pregnant women: effect on pregnancy outcome and prostacyclin-thromboxane balance in mother and newborn[END_REF][START_REF]CLASP: a randomised trial of low-dose aspirin for the prevention and treatment of preeclampsia among 9364 pregnant women. CLASP (Collaborative Low-dose Aspirin Study in Pregnancy) Collaborative Group[END_REF][START_REF] Caritis | Low-dose aspirin to prevent preeclampsia in women at high risk. National Institute of Child Health and Human Development Network of Maternal-Fetal Medicine Units[END_REF][START_REF]ECPPA: randomised trial of low dose aspirin for the prevention of maternal and fetal complications in high risk pregnant women. ECPPA (Estudo Colaborativo para Prevenção da Préeclampsia com Aspirina) Collaborative Group[END_REF]. The results of many of these studies have been grouped into meta-analyzes that suggest a rather moderate efficacy of low-dose aspirin in the prevention of PE (10 to 15% decrease of the occurrence of PE) [START_REF] Duley | Antiplatelet drugs for prevention of preeclampsia and its consequences: systematic review[END_REF].

Several meta-analyzes published by Roberge et al showed a greater decreased risk of PE by up to 40% (relative risk: 0.57, 95% CI: 0.43 -0.75, P <0.001) and also a decreased risk of intrauterine growth retardation (relative risk: 0.56, 95% CI: 0.44 -0.70, P <0.001) when the dose of aspirin was ≥ 100 mg and the introduction ≤ 16 weeks of gestation [START_REF] Roberge | Prevention of perinatal death and adverse perinatal outcome using low-dose aspirin: a meta-analysis[END_REF][START_REF] Roberge | Aspirin for the prevention of preterm and term preeclampsia: systematic review and metaanalysis[END_REF][START_REF] Roberge | Early administration of low-dose aspirin for the prevention of severe and mild preeclampsia: a systematic review and metaanalysis[END_REF][START_REF] Roberge | The role of aspirin dose on the prevention of preeclampsia and fetal growth restriction: systematic review and meta-analysis[END_REF]. The preventive effect of aspirin depending on the dose and the gestational age at introduction, however, is disputed by other authors [START_REF] Askie | Antiplatelet agents for prevention of pre-eclampsia: a meta-analysis of individual patient data[END_REF][START_REF] Meher | Antiplatelet therapy before or after 16 weeks' gestation for preventing preeclampsia: an individual participant data meta-analysis[END_REF].

PREVENTION OF COMPLICATIONS OF CHRONIC HYPERTENSION IN PREGNANCY WITH LOW DOSES ASPIRIN

Low-dose aspirin for the prevention of placenta-mediated complications in chronic hypertensive pregnant women has been poorly studied [START_REF] Caritis | Low-dose aspirin to prevent preeclampsia in women at high risk. National Institute of Child Health and Human Development Network of Maternal-Fetal Medicine Units[END_REF][START_REF]ECPPA: randomised trial of low dose aspirin for the prevention of maternal and fetal complications in high risk pregnant women. ECPPA (Estudo Colaborativo para Prevenção da Préeclampsia com Aspirina) Collaborative Group[END_REF]. Viinika et al conducted a randomised multicentre trial on the effect of daily treatment with 50 mg of aspirin from the 16th week of pregnancy to term in 208 women. Among these women, 89% (n=185/208) had pre-existing arterial hypertension [START_REF] Viinikka | Low dose aspirin in hypertensive pregnant women: effect on pregnancy outcome and prostacyclin-thromboxane balance in mother and newborn[END_REF]. No significant difference was seen in exacerbation of hypertension with new onset proteinuria (9/97 in the aspirin group vs 11/100 in the placebo group) or without proteinuria (12/97 in the aspirin group vs 14/100 in the placebo group). No significant difference was seen in the birthweights of the newborns, although those of aspirin group tended to weigh more (3348±707g in the aspirin group vs 3170±665g in the placebo group, p=0.07), and IUGR was twice as common (4/97 in the aspirin group vs 9/100 in the placebo group).

Caritis et al conducted a double-blind, randomized, placebo-controlled trial in four groups of pregnant women at high risk for preeclampsia, including 471 women with pregestational insulin-treated diabetes mellitus, 774 women with chronic hypertension, 688 women with multifetal gestations, and 606 women who had had preeclampsia during a previous pregnancy [START_REF] Caritis | Low-dose aspirin to prevent preeclampsia in women at high risk. National Institute of Child Health and Human Development Network of Maternal-Fetal Medicine Units[END_REF]. Women were enrolled between the 13 th and the 26 th weeks of pregnancy. In the group of women with chronic hypertension the mean gestational age of enrollement was 20±4 weeks. Their results showed that aspirin (60 mg) was ineffective in preventing preeclampsia in all four risk groups, regardless of parity, race, base-line blood pressure, gestational age at base line or delivery, or degree of compliance. In the group of women with chronic hypertension (n=763), the incidence of preeclampsia was 26% in the aspirin group and 25 % in the placebo group (RR CI 95% 1.1 [0.8, 1.4]).

The American College of Cardiology/American Heart Association (ACC/AHA) Task Force on Clinical Practice Guidelines have revised the recommendations for diagnosis of chronic hypertension in adults based on compelling evidence that incremental increases in blood pressure (BP) impact the risk of future cardiovascular disease, as well as clinical complications and death. Formerly classified as prehypertension, the new parameters now consider stage 1 hypertension as systolic BP measurement between 130 and 139 mmHg or diastolic BP measurement between 80 and 89 mmHg [START_REF] Whelton | ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines[END_REF]. Hauspurg et al performed a secondary analysis of the high-risk aspirin trial [START_REF] Caritis | Low-dose aspirin to prevent preeclampsia in women at high risk. National Institute of Child Health and Human Development Network of Maternal-Fetal Medicine Units[END_REF][START_REF] Hauspurg | Aspirin Effect on Adverse Pregnancy Outcomes Associated With Stage 1 Hypertension in a High-Risk Cohort[END_REF]. Among these women, 827 (81%) were classified as normotensive, whereas 193 (19%) were classified as stage 1 hypertensive (systolic pressure ranging from 130 to 139 mm Hg or a diastolic pressure ranging from 80 to 89 mm Hg). In this high-risk population, the authors showed that entering pregnancy with stage 1 hypertension was associated with a >2-fold increased risk of preeclampsia (RR, 2.49; 95% CI, 1.74-3.55) compared with normotensive women. In women with stage 1 hypertension, low-dose aspirin was associated with a 39% reduction of pre-eclampsia (RR, 0.61; 95% CI, 0.39-0.94) compared with stage 1 hypertensive women receiving placebo, with a 45% reduction in mild disease (RR, 0.55; 95% CI, 0.31-0.97).

In a meta-analysis of individual patient data from 32 217 women recruited to 31 trials on the use of antiplatelet agents, for prevention of PE, Askie et al reported a subgroup analysis according to preexisting hypertension [START_REF] Askie | Antiplatelet agents for prevention of pre-eclampsia: a meta-analysis of individual patient data[END_REF]. The relative risk (with 95% CI) for all women was 0.90 (0.84-0.97); in the subgroup of women with preexisting hypertension (aspirin : 293/1678, control : 295/1625) it was 0.97 (0.84 -1.12) ; and in those without preexisting hypertension (aspirin : 849/11641 , control : 958/11603) it was 0.88 (0.81-0.96).

In 2009, Poon et al proposed an algorithm for estimation of the risk of preeclampsia on the basis of maternal demographics, medical and obstetrical history, pulsatility index of the uterine arteries, mean blood pressure, maternal serum levels of PlGF and pregnancy associated plasma protein A (PAPP-A) between 11 and 13 weeks of gestation [START_REF] Poon | First-trimester prediction of hypertensive disorders in pregnancy[END_REF]. In this algorithm the regression coefficient for « chronic hypertension » is relatively important (-7.2897) in the calcul of the risk. This test identified 91% cases of early and severe preeclampsia, with a 10% false-positive rate and became the algorithm of the Fetal Medicine Foundation (FMF). The ASPRE trial was designed to propose aspirin as a treatment for primary prevention of preeclampsia in all patients considered to be at high risk following firsttrimester combined screening the FMF algorithm. This multicenter, double-blind, randomized, placebo-controlled trial evaluated the effect of aspirin (150 mg) administered in the first trimester of pregnancy on the incidence of delivery with preeclampsia before 37 weeks of gestation in patients at high risk [START_REF] Rolnik | Aspirin versus Placebo in Pregnancies at High Risk for Preterm Preeclampsia[END_REF]. The secondary objectives were to study the effects of aspirin on the incidence of early (delivery before 34 weeks of gestation) preeclampsia, the incidence of intrauterine growth restriction, fetal death, perinatal death, admission to neonatal intensive care, a composite measure of neonatal morbidity and mortality and placental abruption. A total of 26,941 pregnant women were screened, 2,641were at high risk of preeclampsia and eligible for inclusion. Among the patients included, 1,776 were randomized to aspirin or a placebo. The occurrence of preterm preeclampsia (<37 weeks) was significantly reduced by aspirin (0.38; 95% CI 0.20-0.74; p = 0.004). Preterm preeclampsia occurred in 13 of 798 participants (1.6%) in the aspirin group, as compared with 35 of 822 (4.3%) in the placebo group.

In a secondary analysis, the authors showed that the beneficial effect of aspirin in the prevention of preterm preeclampsia may not apply in pregnancies with chronic hypertension [START_REF] Poon | Aspirin for Evidence-Based Preeclampsia Prevention trial: effect of aspirin in prevention of preterm preeclampsia in subgroups of women according to their characteristics and medical and obstetrical history[END_REF]. In participants with chronic hypertension preterm preeclampsia occurred in 10.2% (5/49) in the aspirin group and 8.2% (5/61) in the placebo group (adjusted odds ratio, 1.29; 95% confidence interval, 0.33-5.12). In the subgroup with chronic hypertension the OR for preterm preeclampsia was 2.06 (95% confidence interval, 0.40-10.71); and in those without chronic hypertension it was 0.05 (95% confidence interval, 0.01-0.41).

IATROGENIC FETAL AND MATERNAL EFFECTS OF ASPIRIN TREATMENT

The principal studies of fetal and maternal iatrogenesis are reassuring ; low doses of aspirin administered during the first trimester do not seem to constitute a teratogenic risk [START_REF] Slone | Aspirin and congenital malformations[END_REF][START_REF] Klebanoff | Aspirin exposure during the first 20 weeks of gestation and IQ at four years of age[END_REF][START_REF] Werler | The relation of aspirin use during the first trimester of pregnancy to congenital cardiac defects[END_REF][START_REF] Nørgård | Aspirin use during early pregnancy and the risk of congenital abnormalities: a population-based case-control study[END_REF].

Teratogenicity associated with aspirin concerns only patients exposed to doses of between 650 and 2600 mg/day, with variable clinical expression including cardiopathies and limb anomalies. Such events are not seen at lower doses. Low-dose aspirin seems not to influence birth-weight or the duration of pregnancy [START_REF] Hertz-Picciotto | The risks and benefits of taking aspirin during pregnancy[END_REF]. At the 150 mg daily dose, there does not appear to be an increased risk of maternal bleeding [START_REF] Caritis | Low-dose aspirin to prevent preeclampsia in women at high risk. National Institute of Child Health and Human Development Network of Maternal-Fetal Medicine Units[END_REF].

RECOMMENDATIONS AND NATIONAL GUIDELINES

Due to the very high risk of superimposed preeclampsia in chronic hypertensive women and despite the lack of objective evidence of the effectiveness of low-dose aspirin in the prevention of superimposed preeclampsia in this population, the National Institute for Health and Clinical Excellence (NICE) associated with the Royal College of Gynecology-Obstetrics recommends to women with chronic hypertension to take 75 mg of aspirin daily from 12 weeks until the birth of the baby [START_REF]Hypertension in pregnancy: diagnosis and management | Guidance | NICE[END_REF]. Then it was followed by the "U.S. Preventive Services Task Force (USPTF)" in 2014 (41).

The American College of Obstetrics and Gynecology (ACOG) adopted the suggestions of the USPTF in 2018 [START_REF]No. 743 Summary: Low-Dose Aspirin Use During Pregnancy[END_REF]. The ACOG and the Society of Maternal-Fetal Medicine (SMFM) recommand for women with chronic hypertension, low dose aspirin (81mg) initiated between 12 and 28 weeks of gestation (optimally before 16 weeks) continued daily until delivery.

In a retrospective cohort study Banala et al evaluated the implementation of 2016 ACOG guidelines recommending low dose aspirin in high-risk patients over time and the effectiveness of aspirin in preventing superimposed preeclampsia and adverse maternal and neonatal outcomes in women with chronic hypertension [START_REF] Banala | Impact of the ACOG guideline regarding low dose aspirin for prevention of superimposed preeclampsia in women with chronic hypertension[END_REF]. They identified 457 pregnant women with chronic hypertension, 254 in the pre-ACOG group and 203 in the post-ACOG group. Aspirin 81 mg was offered to 18/254 (7%) pre-ACOG and 142/203 (70%) women post-ACOG. Implementation of the guideline increased over time from 24.2% in 2016 to 82.6% in 2018. The overall incidence of superimposed preeclampsia was not significantly different: 87 (34.3%) vs. 72 (35.5%), p=0.79 in the pre and post ACOG guideline groups, respectively.

The French college of Obstetrics and Gynecology (CNGOF) and the French Society of Hypertension (SFHTA) do not recommend the use of low-dose aspirin in pregnant chronic hypertensive women with no history of preeclampsia because of insufficient data (44).

CHASAP trial (Chronic Hypertension and Acetyl Salicylic Acid in Pregnancy)

The main objective of the CHASAP trial (NCT04356326)( 45) is to compare, in pregnant women with chronic hypertension, the efficacy of Aspirin (acetylsalicylic acid) at a dose of 150 mg / day with a placebo, in the prevention of maternal-fetal morbidity and mortality (preeclampsia, placental abruption, IUGR, perinatal death, maternal death, and preterm delivery). This is a prospective multicentric randomized double-blind superiority trial, placebo-controlled, on two parallel arms. The randomization at 1:1 ratio, will be stratified by center and ethnic origin of mother (Black African-Antilles) and delivered centrally by a web server. The pregnant women with chronic hypertension (treated or not) and singleton pregnancy will be included between 10 weeks and 14 weeks + 6 days.

To show a 33% relative reduction in the incidence of maternal-fetal morbidity and mortality (from 45% to 30%) (alpha risk: 5%, power: 90%, continuity correction) the inclusion of 230 women in each arm will be needed. The provision of 10% for non-evaluable data gives a total of 500 patients.

Secondary objectives are:

-To estimate this preventive effect on each of the following: the severity of PE, IUGR, and preterm delivery; the risks of miscarriage, fetal death, neonatal death; the neonatal morbidity (stay in neonatal intensive care unit, assisted ventilation > 24 hours, hyaline membrane disease, stage III or IV intraventricular hemorrhage), -To evaluate the potential toxicity of the active treatment: major maternal hemorrhagic event (externalized active bleeding, intracranial, intraocular, retroperitoneal, or articular bleeding), or minor, -To analyze patients' compliance with treatment and its relation to treatment efficacy in its preventive action on the main endpoint, -The constitution of a biological collection. Blood and urine samples performed every month for all included patients will allow us to analyze the impact of aspirin on circulating levels of angiogenic factors (sFLT-1 and PlGF) and to study the predictive performance of these angiogenic factors in this high-risk population.

There are three main reasons for conducting the CHASAP trial: 1-Studies that analyzed the effectiveness of low-dose aspirin in the prevention of preeclampsia in patients with chronic hypertension used doses that were too low (< 75 mg) and inclusion gestational ages too advanced to find an efficacy, 2-None was specifically dedicated to the analysis of the efficacy of low-dose aspirin in the prevention of intrauterine growth retardation or other complications of chronic hypertension during pregnancy, 3-Finally, none has addressed the effectiveness of low-dose aspirin in the prevention of composite maternal and perinatal complications.

CONCLUSION

The ASPRE study raises several questions. Is screening of preeclampsia based on the FMF algorithm more effective than current national guidelines? Prospective trials are still necessary to compare these two strategies, with evaluation of medical and medico-economics outcomes. In France, low dose aspirin is not recommended for all pregnant women with chronic hypertension, and the systematic first trimester screening for preeclampsia risk is neither recommended nor performed routinely. The CHASAP trial will specifically evaluate the interest of low dose aspirin (150 mg) in the population of pregnant women with CHTN and no indication of aspirin for obstetric or medical history.