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Serial plotting of symphysis-fundal height and estimated fetal weight to improve the antenatal detection of infants small for gestational age: A cluster randomised trial 1 | I N TRODUC TION

The failure of a fetus to reach its full growth potential in relation to a pathological mechanism, 1,2 is one of the principal causes of perinatal morbidity and mortality. [START_REF] Mcintire | Birth weight in relation to morbidity and mortality among newborn infants[END_REF] The antenatal detection of fetal growth restriction (FGR) reduces the risk of stillbirth and neonatal morbidity, [START_REF] Ego | Antenatal detection of fetal growth restriction and risk of stillbirth: population-based casecontrol study[END_REF][START_REF] Gardosi | Maternal and fetal risk factors for stillbirth: population based study[END_REF][START_REF] Lindqvist | Does antenatal identification of smallfor-gestational age fetuses significantly improve their outcome?[END_REF][START_REF] Stacey | Antenatal care, identification of suboptimal fetal growth and risk of late stillbirth: findings from the Auckland Stillbirth Study[END_REF] whereas a failure to recognise and manage restricted fetal growth is the most frequent substandard care factor identified in audits of antepartum stillbirth. [START_REF] Evers | Substandard care in antepartum term stillbirths: prospective cohort study[END_REF][START_REF] Richardus | Differences in perinatal mortality and suboptimal care between 10 European regions: results of an international audit[END_REF] Screening for FGR during pregnancy is mainly guided by risk-factor assessment and the identification of low symphysis-fundal height (SFH) measurements, estimated fetal weight (EFW) or abdominal circumference below the tenth percentile of growth references, as stipulated in professional guidelines from France, Canada, New Zealand, the UK and the USA. 1,[START_REF] Obstetricians | Intra-uterine growth retardation: guidelines for clinical practice-short text[END_REF][START_REF]Fetal growth restriction, recognition, diagnosis & management. Clinical practice guideline[END_REF][START_REF]Guideline for the management of suspected small for gestational age singleton pregnancies after 34wk' gestation[END_REF][START_REF]Fetal growth restriction[END_REF] Despite a widespread consensus supporting FGR screening, only between 10% and 37% of infants who are small for gestational age (SGA), with a birthweight under the tenth percentile, are detected antenatally. [START_REF] Bais | Effectiveness of detection of intrauterine growth retardation by abdominal palpation as screening test in a low risk population: an observational study[END_REF][START_REF] Chauhan | Limitations of clinical and sonographic estimates of birth weight: experience with 1034 parturients[END_REF][START_REF] Fratelli | Effects of antenatal recognition and follow-up on perinatal outcomes in small-for-gestational age infants delivered after 36 weeks[END_REF][START_REF] Jahn | Routine screening for intrauterine growth retardation in Germany: low sensitivity and questionable benefit for diagnosed cases[END_REF][START_REF] Mattioli | Inadequate identification of small-for-gestational-age fetuses at an urban teaching hospital[END_REF][START_REF] Monier | Poor effectiveness of antenatal detection of fetal growth restriction and consequences for obstetric management and neonatal outcomes: a French national study[END_REF][START_REF] Verlijsdonk | Suspected versus non-suspected small-for-gestational age fetuses at term: perinatal outcomes[END_REF][START_REF] Vieira | Evaluation of the growth assessment protocol (GAP) for antenatal detection of small for gestational age: the DESiGN cluster randomised trial[END_REF] In addition to low sensitivity, false-positive rates (babies who are not SGA but are suspected of having FGR) range from 1% to 5%, often representing half of all detected cases. [START_REF] Gardosi | Maternal and fetal risk factors for stillbirth: population based study[END_REF][START_REF] Bais | Effectiveness of detection of intrauterine growth retardation by abdominal palpation as screening test in a low risk population: an observational study[END_REF][START_REF] Fratelli | Effects of antenatal recognition and follow-up on perinatal outcomes in small-for-gestational age infants delivered after 36 weeks[END_REF][START_REF] Jahn | Routine screening for intrauterine growth retardation in Germany: low sensitivity and questionable benefit for diagnosed cases[END_REF][START_REF] Verlijsdonk | Suspected versus non-suspected small-for-gestational age fetuses at term: perinatal outcomes[END_REF] False-positive screening results can lead to more obstetric interventions, parental anxiety and the overuse of health system resources. [START_REF] Petersen | Suspicious findings in antenatal care and their implications from the mothers' perspective: a prospective study in Germany[END_REF][START_REF] Triunfo | A lesson from behavioral economics for reducing obstetric interventions-placing more weight on perceived gains vs perceived losses[END_REF] One hypothesis for the poor performance of FGR screening is unstandardised protocols for assessing and reporting screening results. This hypothesis is supported by surveys of maternity unit policies that document high variability in FGR screening practices between centres, [START_REF] Chamagne | Management of fetal growth restriction in France: survey of teaching hospitals and tertiary referral centers[END_REF][START_REF] Gibbons | A survey of policies for the monitoring of fetal growth in Australian and New Zealand hospitals[END_REF][START_REF] Morse | Fetal growth screening by fundal height measurement[END_REF] as well as population-based studies that report incomplete information on biometric measures in medical notes and ultrasound reports. [START_REF] Ego | Antenatal detection of fetal growth restriction and risk of stillbirth: population-based casecontrol study[END_REF][START_REF] Heude | Are selection criteria for healthy pregnancies responsible for the gap between fetal growth in the French national Elfe birth cohort and the intergrowth-21st fetal growth standards?[END_REF] Two observational studies in the UK and Australia showed that optimising the use of screening information by plotting serial SFH and EFW measurements on customised charts doubled the FGR detection rate among SGA births to over 40%. [START_REF] Gardosi | Controlled trial of fundal height measurement plotted on customised antenatal growth charts[END_REF][START_REF] Roex | Serial plotting on customised fundal height charts results in doubling of the antenatal detection of small for gestational age fetuses in nulliparous women[END_REF] However, this strategy has not been evaluated using an experimental design and its performance may differ in different countries, such as France, where systematic third-trimester ultrasound is offered to all women. We therefore conducted a cluster randomised trial in France to test the hypothesis that serial plotting of SFH and EFW measurements on customised growth charts improves antenatal detection of infants who are SGA, compared with usual antenatal care.

| M ET HODS

| Study design

The HPAG (Hauteur utérine et Petit poids pour l' Age Gestationnel) was a superiority, double-arm, parallel group, cluster randomised trial, involving 16 French maternity units over a 2-year period in 2018-2019. Selected hospitals were level-3 maternity units, defined as centres with a neonatal intensive care unit, geographically dispersed throughout France.

A cluster design was selected because of the complexity of the intervention and the risks of within-site contamination associated with randomisation at the individual level. Nonstratified randomisation was performed by the trial statistician to allocate centres in a 1:1 ratio to the intervention and control groups. The HPAG trial was designed and conducted according to CONSORT (Consolidated Standards of Reporting Trials) guidelines. [START_REF] Campbell | Consort 2010 statement: extension to cluster randomised trials[END_REF] There was no patient and public involvement in the study design.

| Participants

Eligible women were included in the study during the postpartum hospital stay after receiving information on the study. The eligibility criteria were having a singleton pregnancy, having booked in before or at 30 weeks of gestation and delivering in a participating centre. The booking threshold of 30 weeks of gestation was necessary to allow the application of longitudinal growth monitoring, corresponding to a minimum of three visits in the last trimester of pregnancy for term births. In France, the first antenatal visits Results: In total, seven intervention clusters (n = 4349) and eight control clusters (n = 4943) were analysed, after the exclusion of one intervention centre for a major deviation in protocol. SGA births represented 613 (14.1%) and 626 (12.7%) of all births, respectively. The rates of antenatal detection of FGR among SGA births were 40.0% in the intervention arm versus 37.1% in the control arm (crude RR 1.08, 95% CI 0.87-1.34; adj RR 1.09, 95% CI 0.88-1.35). No benefits of the intervention were detected in the analyses of secondary outcomes. Conclusions: Serial plotting of SFH and EFW measurements on customised growth charts did not improve the antenatal detection of FGR among SGA births.

K E Y W O R D S

antenatal detection, fetal growth restriction, small for gestational age are usually performed in an outpatient setting, with care in the maternity unit starting during the second or third trimester of pregnancy. Exclusions included terminations of pregnancy, known large fibroid uterus or uterine congenital malformations that make SFH measurement difficult, refusal to participate and minors.

| Antenatal care and recommendations on FGR in France

In both groups, women received standard antenatal care according to French recommendations, i.e. seven prenatal visits, a pregnancy dating ultrasound between 11 and 13 weeks of gestation, two ultrasounds between 20 and 25 and between 30 and 35 weeks of gestation, respectively, and SFH measurements at each antenatal visit. [START_REF] Carbonne | Intra uterine growth retardation: guidelines for clinical practice-introduction[END_REF][START_REF] Vayssière | Fetal growth restriction and intra-uterine growth restriction: guidelines for clinical practice from the French College of Gynaecologists and Obstetricians[END_REF][START_REF] Grange | Screening and diagnosis of small for gestational age fetuses[END_REF] Fournié rule is used to interpret SFH measures, with normal growth based on an increasing SFH of +1 cm/week from 18 to 28 cm, between 22 and 32 weeks of gestation, and +1 cm/2 weeks from 28 to 33 cm, between 32 and 42 weeks of gestation. [START_REF] Fournie | The fundal height measurements in single pregnancies and the detection of fetal growth retardation[END_REF] However, medical notes in France never contain SFH charts and percentiles are not defined.

Although abdominal circumference is a relevant indicator for ultrasound screening, EFW is recommended to make antenatal and postnatal care more consistent and facilitate communication with parents. [START_REF] Grange | Screening and diagnosis of small for gestational age fetuses[END_REF] Referral ultrasound scans are recommended at a minimal interval of 3 weeks in the case of abnormal SFH or EFW values below the tenth centile or growth faltering between two ultrasounds. [START_REF] Grange | Screening and diagnosis of small for gestational age fetuses[END_REF] French guidelines for the detection of FGR do not stipulate which EFW charts should be used, [START_REF] Grange | Screening and diagnosis of small for gestational age fetuses[END_REF] and the ultrasound reporting software used in France does not provide customised EFW centiles. When FGR is detected, French guidelines define the protocols for subsequent fetal surveillance according to the severity of FGR, the gestational age and the Doppler findings. [START_REF] Carbonne | Intra uterine growth retardation: guidelines for clinical practice-introduction[END_REF] 

| Intervention

The intervention consisted of providing tools for serial plotting of antenatal growth screening results integrated in a non-commercial software program, specifically developed for the trial. This program was installed in each centre and produced: (1) a customised EFW chart, with exact percentiles, based on the GROW (Gestation Related Optimal Weight) program, [START_REF] Gardosi | Customised antenatal growth charts[END_REF][START_REF] Gardosi | An adjustable fetal weight standard[END_REF] and adapted to the French population; 36 and (2) percentile intervals for SFH to be used for recording growth measurements at each antenatal visit. For the SFH charts, French surveillance thresholds provided by Fournié rule were used to derive percentiles. [START_REF] Fournie | The fundal height measurements in single pregnancies and the detection of fetal growth retardation[END_REF] We assumed a linear relationship between SFH and EFW and a correspondence between the Fournié thresholds and the tenth EFW centile (Figure S1). [START_REF] Kayem | Comparison of fundal height measurement and sonographically measured fetal abdominal circumference in the prediction of high and low birth weight at term[END_REF][START_REF] Mongelli | Symphysis-fundus height and pregnancy characteristics in ultrasound-dated pregnancies[END_REF] The resulting chart had good concordance when comparing SFH and EFW percentiles. Two centres developed their own programs with the same features and clinician interface in their computerised obstetric records. The implementation of the intervention was monitored, with regular feedback given to the centres on the number of charts that were recorded in the software program (Figure S1).

In each intervention centre, we conducted a training session on the use of the software program for growth monitoring. The training included a reminder of French recommendations about the indications for a referral ultrasound, but not about subsequent fetal surveillance, the use of umbilical Doppler or obstetrical management.

| Standard care

In the control arm, obstetrical teams followed their usual practices for growth monitoring according to French recommendations on the screening and management of FGR. [START_REF] Carbonne | Intra uterine growth retardation: guidelines for clinical practice-introduction[END_REF][START_REF] Grange | Screening and diagnosis of small for gestational age fetuses[END_REF] An information session organised on site was limited to the study rationale, the objectives of the trial, the study organisation and the same reminder of French guidelines as given in the training for the intervention arm.

| Study end points

Outcomes were assessed at the individual level. The primary outcome was the antenatal detection of FGR among SGA births, defined as suspected FGR mentioned by clinicians in medical records, and associated with at least one referral ultrasound for growth monitoring and/or a provider-indicated delivery for FGR. SGA births were infants with a birthweight below the tenth percentile of French birthweight charts. [START_REF] Ego | Customized and non-customized French intrauterine growth curves. I -Methodology[END_REF] The main secondary end point was the rate of false positives, defined as antenatal detection of FGR, using the same definition, among non-SGA births. Other secondary outcomes, evaluated in the whole population, included perinatal outcomes: fetal death at >28 weeks of gestation, Apgar score at 5 min of <7, arterial pH of <7, resuscitation in delivery room, severe SGA (<3rd percentile), admission to a neonatal unit, neonatal convulsions, all grades of intraventricular haemorrhage, hypoxic-ischaemic encephalopathy or death before hospital discharge. Secondary end points also focused on modes of onset of labour and of delivery (labour induction, caesarean section and indications, and providerindicated delivery before 37 and 39 weeks of gestation), and on resource use and costs (number of antenatal visits and referrals for ultrasound examinations).

| Sample size

The cluster design requires an intracluster correlation coefficient (ICC) for FGR detection, which was estimated using random samples of level-3 maternity units included in the 2010 French perinatal survey (FPS). [START_REF] Donner | Design and analysis of cluster ransomised trials in health research[END_REF] The highest value of ICC was 0.09, and this was rounded up to 0.1.

EGO et al.

Considering the estimated FGR detection rate of 21.7% in the 2010 FPS, [START_REF] Monier | Poor effectiveness of antenatal detection of fetal growth restriction and consequences for obstetric management and neonatal outcomes: a French national study[END_REF] and two previous studies on a similar intervention and their doubling of the FGR detection rate from 29% to 48% and from 25% to 51%, [START_REF] Gardosi | Controlled trial of fundal height measurement plotted on customised antenatal growth charts[END_REF][START_REF] Roex | Serial plotting on customised fundal height charts results in doubling of the antenatal detection of small for gestational age fetuses in nulliparous women[END_REF] we planned to improve the detection rate of FGR among SGA births from 20% to 40%. Assuming this increase with a power of 80%, a significance of 5% and a 16 clusters, 376 SGA births (24 per cluster) were required. [START_REF] Donner | Design and analysis of cluster ransomised trials in health research[END_REF] To ensure an accurate estimation (±10%) of the false-positive rate under the assumption of a rate of 2.1%, however, 9000 non-SGA births were required, yielding a total sample of 10 000 births (625 per cluster).

| Data collection

Data were collected from medical notes and charts after birth by research midwives or clinical research assistants trained for the study using an electronic case report form. Maternal characteristics included maternal age, occupation, social insurance, parity, body mass index (BMI), smoking, and medical and obstetrical risk factors. Pregnancy complications, antenatal surveillance, including results from the second-and third-trimester ultrasounds, whether FGR was suspected during pregnancy and indications for a referral ultrasound, other prenatal diagnostic tests, hospitalisations, labour induction and caesarean section were recorded. Medical and obstetrical risk factors for FGR were defined according to complications associated with FGR and considered by the French National Health Board recommendations to require care by an obstetrician as opposed to a midwife or primary care physician. [START_REF]Suivi et orientation des femmes enceintes en fonction des situations à risque identifiées[END_REF][START_REF] Monier | Does the presence of risk factors for fetal growth restriction increase the probability of antenatal detection? A French National Study[END_REF] Neonatal outcomes until discharge home from hospital were collected.

| Analysis

We performed a modified intention-to-treat analysis (mITT), excluding one intervention centre because of a major deviation in protocol. This centre integrated the SFH and customised EFW charts in its own information system and errors in the computation (omission of adjustments for parity and use of exact versus completed weeks of GA) leading to an overestimation of customised percentiles, were identified when the data were exported. We compared this centre with other intervention centres and control centres using summary activity indicators provided by the 2018 national hospital discharge database.

Maternal and infant characteristics were compared between the intervention and control groups among all births, and among SGA births. Compliance with the study intervention was assessed by examining the proportion of women registered in the study software database and the median (IQR) numbers of EFW and SFH measurements performed per woman.

To test for a difference in the primary outcome between the two groups, crude and adjusted relative risks (RR) and 95% confidence intervals were estimated with a generalised linear model using binomial family and a loglink function, and a robust estimator of variance, which allows for intracluster correlation. [START_REF] Mcnutt | Estimating the relative risk in cohort studies and clinical trials of common outcomes[END_REF][START_REF] White | A heteroskedasticity-consistent covariance matrix estimator and a direct test for heteroskedasticity[END_REF] The analysis was adjusted for major risk factors of FGR based on pregnancy history and complications, specified by French National Health Board recommendations, [START_REF] Monier | Does the presence of risk factors for fetal growth restriction increase the probability of antenatal detection? A French National Study[END_REF] and sociodemographic characteristics known to increase risk (older maternal age, ≥35 years, nulliparity, and BMI in four categories). 1 The same statistical procedure was repeated for the secondary binary outcomes and linear regression was used for secondary continuous outcomes. An ITT analysis, including the centre excluded for protocol violation, was performed as a sensitivity analysis.

As screening for FGR has lower performance in low-risk pregnancies, in late onset of FGRm diagnosed after 32 weeks of gestation, and in pregnancies with a longer ultrasounddelivery interval, [START_REF] Monier | Poor effectiveness of antenatal detection of fetal growth restriction and consequences for obstetric management and neonatal outcomes: a French national study[END_REF][START_REF] Verlijsdonk | Suspected versus non-suspected small-for-gestational age fetuses at term: perinatal outcomes[END_REF][START_REF] Reboul | Prediction of small-for-gestational-age neonate by third-trimester fetal biometry and impact of ultrasound-delivery interval[END_REF][START_REF] Ciobanu | Prediction of small-for-gestational-age neonates at 35-37 weeks' gestation: contribution of maternal factors and growth velocity between 32 and 36 weeks[END_REF] post-hoc analyses were performed among low-risk subgroups to assess the effectiveness of the intervention. These subgroups were women without medical or obstetrical risk factors for FGR, fetuses with an EFW on the tenth centile or above at the third-trimester ultrasound and term births. Furthermore, considering a heterogeneous implementation of the protocol, the study end points were evaluated after the exclusion of intervention centres with less than 75% of women registered in the software. Finally, the analysis was repeated after excluding women without a firsttrimester ultrasound.

The level of significance was 0.05 (two sided), and the analysis was performed using Stata/SE 13.1 (StataCorp LLC, College Station, TX, USA).

| Ethical and regulatory aspects

According to French regulations, this trial was qualified as interventional research using data from routine care, which does not require the informed consent of participants. All women received an information form during their hospital stay following delivery, giving them the option to refuse to participate either immediately or at any later date. The trial was approved by the Advisory Committee on the Treatment of Personal Health Data for Research purposes (7 July 2016, no. 16.585), and by the Ethics Committee CPP South-East V (23 June 2016, IRB 2016-A00801-50).

| R E SU LTS

The 16 maternity units registered 5059 and 5069 women, from February 2018 to March 2019 and from March 2018 to June 2019, in the intervention and control arms, respectively (Figure 1). The exclusion of one centre in the intervention arm led to the exclusion of 654 women. Other exclusions corresponded to 73 and 122 non-eligible women, mostly because the first antenatal visit occurred after 30 weeks of gestation, and there were two and four secondary refusals to participate in the intervention and control arms, respectively. Participating centres in the intervention and control arms had similar summary activity statistics as assessed by 2018 data from the national hospital discharge database. The excluded centre had a higher preterm birth rate than the other intervention centres (Table S1).

The baseline characteristics of the 4349 and 4943 women did not statistically differ between the two arms, except for lower proportions of female newborns in the intervention arm versus the control arm (47.6% vs 49.3%, p = 0.036) (Table 1). SGA births represented 613 (14.1%) and 626 (12.7%) babies in the intervention and control groups (p = 0.17). The intervention group compared with the control group had higher rates of maternal BMI over 30 kg/m 2 (21.3% vs 15.6%, p = 0.027) and of chronic hypertension (5.4% vs 2.4%, p = 0.037), but had lower rates of HELLP (haemolysis, elevated liver enzymes and low platelets) syndrome (0.5% vs 1.8%, p = 0.013) and of preterm labour (5.2% vs. 8.5%, p = 0.036).

Analysis of compliance with the intervention showed that the protocol was heterogeneously applied (Table 2). Overall, the software program was used in the care of 76.8% of women in the intervention arm. Women with at least two EFW or two SFH measurements represented 76.0% and 68.6% of women recorded in the program.

Fetal growth restriction detection rates among SGA births were 40.0% and 37.1% in the intervention and control arms, respectively (crude RR 1.08, 95% CI 0.87-1.34) (Table 3). Rates of false positives were 5.7% in the intervention arm versus 4.5% in the control arm (crude RR 1.28, 95% CI 0.82-1.99). Among all births, there was no statistical difference on any other secondary end points: perinatal outcomes including late fetal death and in-hospital neonatal death, modes of onset of labour and of delivery, and resources use. Adjustments for parity, BMI, and obstetrical and medical risk of FGR, did not change the estimation of the detection of FGR among SGA births (adjusted RR 1.09, 95% CI 0.88-1.35), and secondary outcomes remained stable after adjustment. In the ITT analysis, FGR detection rates were 37.1% in both groups, with an adjusted RR of 1.01 (95% CI 0.78-1.31) (Table S2).

Post-hoc analysis of primary and secondary study end points among women without any previous risk of FGR (N = 7603), with an EFW on or above the tenth percentile at the third-trimester ultrasound (N = 7142) and with term births (N = 8650) did not favour the intervention group (Table S3). No benefit of the intervention on FGR detection (adjusted RR 1.02, 95% CI 0.87-0.20) or change in falsepositive rates (RR 1.26, 95% CI 0.77-2.07) was found among intervention centres with more than 75% of women registered in the software (n = 1860). The adjusted RR for FGR detection was 1.10 (95% CI 0.90-1.34) after the exclusion of women without a first-trimester ultrasound (n = 8797).

| DISCUS SION

| Main findings

This large cluster randomised trial found that a policy of the serial plotting of SFH and EFW measurements on customised charts, compared with usual care, did not improve FGR detection among SGA births. No impact was found on the rate of false positives or on neonatal morbidity and mortality, labour and delivery mode or resource use during antenatal surveillance. Findings were similar in post-hoc analyses among women with low-risk pregnancies.

| Interpretation

These results contradict previous results of two observational studies assessing policies of serial plotting of SFH and EFW measurements in screening conducted in the UK and Australia. [START_REF] Gardosi | Controlled trial of fundal height measurement plotted on customised antenatal growth charts[END_REF][START_REF] Roex | Serial plotting on customised fundal height charts results in doubling of the antenatal detection of small for gestational age fetuses in nulliparous women[END_REF] In these studies, the FGR detection rate increased from 29% to 48%, [START_REF] Gardosi | Controlled trial of fundal height measurement plotted on customised antenatal growth charts[END_REF] and from 25% to 43%. [START_REF] Roex | Serial plotting on customised fundal height charts results in doubling of the antenatal detection of small for gestational age fetuses in nulliparous women[END_REF] One possible reason for these discordant results is that, unlike the UK and Australia, a systematic third-trimester ultrasound is performed in France. In this context, plotting SFH measures may provide less additional information compared with standard care.

The SFH has been shown to have moderate value for predicting SGA births (with a pooled value of 58% in a recent meta-analysis). [START_REF] Pay | Symphysis-fundus height measurement to predict small-forgestational-age status at birth: a systematic review[END_REF][START_REF] Goto | Prediction of low birthweight and small for gestational age from symphysis-fundal height mainly in developing countries: a metaanalysis[END_REF] Our study is in line with others, finding no or modest benefits of interventions to improve screening performance using SFH. [START_REF] Lindhard | The implications of introducing the symphysealfundal height-measurement. A prospective randomized controlled trial[END_REF][START_REF] Peter | Symphysial fundal height (SFH) measurement in pregnancy for detecting abnormal fetal growth[END_REF] In contrast, the results of randomised trials or prospective cohorts evaluating systematic versus risk-based ultrasound examinations or later routine ultrasound at 36 versus 32 weeks of gestation in the third trimester have been mixed: some have found an increased detection of fetuses with FGR, but no changes in mortality or morbidity. [START_REF] Henrichs | Effectiveness of routine third trimester ultrasonography to reduce adverse perinatal outcomes in low risk pregnancy (the IRIS study): nationwide, pragmatic, multicentre, stepped wedge cluster randomised trial[END_REF][START_REF] Roma | Ultrasound screening for fetal growth restriction at 36 vs 32 weeks' gestation: a randomized trial (ROUTE)[END_REF][START_REF] Wanyonyi | Routine third-trimester ultrasound for the detection of small-for-gestational age in low-risk pregnancies (ROTTUS study): randomized controlled trial[END_REF][START_REF] Balogun | Serial third-trimester ultrasonography compared with routine care in uncomplicated pregnancies: a randomized controlled trial[END_REF][START_REF] Sovio | Screening for fetal growth restriction with universal third trimester ultrasonography in nulliparous women in the pregnancy outcome prediction (POP) study: a prospective cohort study[END_REF] Our findings are also in line with a recent randomised trial assessing the Growth Assessment Protocol (GAP) trial in the UK. [START_REF] Vieira | Evaluation of the growth assessment protocol (GAP) for antenatal detection of small for gestational age: the DESiGN cluster randomised trial[END_REF] Similar to ours, this study illustrates the difficulty of achieving higher FGR detection rates through the systematic application of standardised screening policies. It also illustrates the importance of applying rigorous randomised designs, as previous observational studies had suggested benefits of GAP. [START_REF] Gardosi | Association between reduced stillbirth rates in England and regional uptake of accreditation training in customised fetal growth assessment[END_REF][START_REF] Iliodromiti | UK stillbirth trends in over 11 million births provide no evidence to support effectiveness of growth assessment protocol program[END_REF] Another difference between our study and the two observational studies investigating serial plotting policies is that FGR was detected for 37% of SGA births in the control arm of our trial. This was higher than previous estimates of FGR detection in France and in other developed countries, where reports range from one-fifth to one-third of SGA births. [START_REF] Bais | Effectiveness of detection of intrauterine growth retardation by abdominal palpation as screening test in a low risk population: an observational study[END_REF][START_REF] Chauhan | Limitations of clinical and sonographic estimates of birth weight: experience with 1034 parturients[END_REF][START_REF] Fratelli | Effects of antenatal recognition and follow-up on perinatal outcomes in small-for-gestational age infants delivered after 36 weeks[END_REF][START_REF] Jahn | Routine screening for intrauterine growth retardation in Germany: low sensitivity and questionable benefit for diagnosed cases[END_REF][START_REF] Mattioli | Inadequate identification of small-for-gestational-age fetuses at an urban teaching hospital[END_REF][START_REF] Monier | Poor effectiveness of antenatal detection of fetal growth restriction and consequences for obstetric management and neonatal outcomes: a French national study[END_REF][START_REF] Verlijsdonk | Suspected versus non-suspected small-for-gestational age fetuses at term: perinatal outcomes[END_REF][START_REF] Michaeli | Application of prospect theory in obstetrics by evaluating mode of delivery and outcomes in neonates born small or appropriate for gestational age[END_REF] It was also higher than the detection rates in the recent GAP trial in the UK (25.9% and 27.7% in the intervention and usual care arms, respectively). However, our definition of FGR detection included obstetric decisions to monitor growth for FGR or to indicate delivery for FGR, whereas previous definitions focused solely on an EFW below the tenth percentile. Some recent studies associating EFW and clinical decisions have suggested detection rates consistent with our findings. [START_REF] Ego | Antenatal detection of fetal growth restriction and risk of stillbirth: population-based casecontrol study[END_REF][START_REF] Gardosi | Maternal and fetal risk factors for stillbirth: population based study[END_REF][START_REF] Stacey | Antenatal care, identification of suboptimal fetal growth and risk of late stillbirth: findings from the Auckland Stillbirth Study[END_REF] The higher baseline rates found in our study may also reflect an impact of French guidelines for the management of FGR, issued after the publication of the study, which we used to establish baseline detection rates. [START_REF] Monier | Poor effectiveness of antenatal detection of fetal growth restriction and consequences for obstetric management and neonatal outcomes: a French national study[END_REF] T A B L E 2 Evaluation of growth monitoring according to protocol in intervention arm. 

Participating centres in intervention arm

[2-3] 3 [2-4] 3 [2-3] 2 [2-3] 3 [2-3] 2 [2-3]
3 [3-4] 3 [2-3] a Centre that was not using the application because of the development of EFW and SFH curves in the maternity software. b Among patients with at least two EFW or two SFH measurements.

A final consideration in the interpretation of these findings is the inconsistent application of the software in some of the centres, which may have contributed to its lack of effectiveness. However, our post-hoc analysis did not show higher FGR detection rates among maternity units with a high percentage of women registered in the software.

In light of these results, further research should elucidate the reasons for the failed antenatal detection of infants that are SGA, in order to identify preventable factors, such as through audits. Other approaches are to base screening strategies on a broader set of risk markers, [START_REF] Leite | Fetal growth restriction prediction: how to move beyond[END_REF] using more information about maternal characteristics (age, parity, height and weight, conception method, smoking, medical and obstetrical history, for instance) and integrating biomarkers and biophysical tests (such as glucose, Rhesus group, EFW, vascular flow indices and placental factors) in prediction models. [START_REF] Allotey | Prognostic models need to look beyond fetal size[END_REF][START_REF] Iwama | Risk scores for predicting small for gestational age infants in Japan: the TMM birthree cohort study[END_REF][START_REF] Meertens | External validation and clinical usefulness of firsttrimester prediction models for small-and large-for-gestational-age infants: a prospective cohort study[END_REF] However, existing predictive models have modest performance and a net benefit for predicting SGA births compared with current strategies, leading to calls to change the focus from predicting SGA to predicting adverse outcomes associated with suboptimal fetal growth. [START_REF] Allotey | Prognostic models need to look beyond fetal size[END_REF] 

| Strengths and limitations

Compared with the existing literature, the HPAG trial is one of the few studies evaluating a global screening policy based on implementing optimal reporting and the use of common screening tools. The strengths of this study are its size and breadth, including 16 centres and over 9000 women. Process evaluations took place throughout the study with feedback reports to ensure protocol compliance. Finally, the use of a randomised design eliminates possible biases associated with the before/after design used in previous studies.

Limitations are the exclusion of one intervention centre for deviations from the protocol. Another was the variable implementation of the intervention by centre. The intervention to improve screening could also have changed the occurrence of SGA births. We have no evidence to support this hypothesis, because the rate of SGA and severe SGA and the mean gestational age of SGA births were similar between the two arms. The baseline FGR rate was higher than expected, but because the secondary outcomes of the study required a large sample of non-SGA births, the SGA sample was adequately powered to detect significant increases, even with this higher rate. The study was also carried out in tertiary 
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F I G U R E 1

 1 Flow diagram of maternity units and participants through the HPAG trial.

  Abbreviations: HIE, hypoxic-ischemic encephalopathy; IVH, intraventricular hemorrhage. a Adjusted relative risk for maternal age, parity, BMI, previous risk of FGR (chronic hypertension, insulin-dependent diabetes mellitus, maternal renal, cardiac or autoimmune disease, drug abuse, alcoholism, sickle-cell anaemia, thrombophilia, previous stillbirth, previous SGA infant or gestational hypertension). b Late fetal death >28 weeks of gestation, Apgar score of <7 at 5 min, pH of <7, resuscitation, severe SGA, neonatal transfer, neonatal convulsions, IVH, HIE, in-hospital neonatal death.

  Baseline characteristics of the overall population and SGA births.Abbreviations: GA, gestational age; HELLP, haemolysis, elevated liver enzyme, low platelets syndrome; PPROM, preterm premature rupture of membranes. a Chronic hypertension, insulin-dependent diabetes mellitus, maternal renal, cardiac or autoimmune disease, drug abuse, alcoholism, sickle-cell anaemia, thrombophilia, previous stillbirth, previous SGA infant or gestational vascular disorder.

		Overall population			SGA births			
		Control		Intervention		Control		Intervention	
		4943		4349		626		613	
		n	%	n	%	n	%	n	%
	Medical and obstetric history								
	Maternal age, years	31.3	±5.4	31.1	±5.5	31.4	±5.6	31.2	±5.8
	(mean ± SD)								
	Nulliparous	2061	41.7	1645	37.8	251	40.1	239	39.0
	Smoking during pregnancy	464	9.4	412	9.5	84	13.8	99	16.3
	Body mass index								
	<18.5 kg/m 2	343	7.0	241	5.6	45	7.5	35	6.1
	18.5-24.9 kg/m 2	2833	57.6	2246	52.1	329	54.5	266	46.0
	25-29.9 kg/m 2	1057	21.5	1067	24.7	136	22.5	154	26.6
	≥30 kg/m 2	688	14.0	760	17.6	94	15.6	123	21.3
	Chronic hypertension	85	1.7	101	2.3	15	2.4	33	5.4
	Pregestational diabetes	80	1.6	101	2.3	4	0.6	8	1.3
	Obstetrical or medical risk of FGR a	945	19.1	744	17.1	169	27.0	184	30.0
	Antenatal monitoring and pregnancy complications						
	First-trimester ultrasound	4635	93.8	4162	95.7	588	94.1	581	94.8
	Gestational age at first	17.0	6.2	18 0.2	6.0	17.4	6.3	18.9	6.3
	antenatal visit								
	Any hospitalisation	669	13.5	469	10.8	124	19.8	89	14.5
	Gestational hypertension	251	5.1	158	3.6	67	10.7	46	7.5
	Pre-eclampsia	123	2.5	96	2.2	49	7.8	38	6.2
	HELLP syndrome	27	0.6	10	0.2	11	1.8	3	0.5
	Preterm labour	359	7.3	201	4.6	53	8.5	32	5.2
	PPROM	129	2.6	139	3.2	20	3.2	23	3.8
	Gestational diabetes	679	13.7	780	17.9	84	13.4	104	17.0
	Neonatal characteristics								
	Female sex	2434	49.3	2070	47.6	295	47.2	308	50.2
	Gestational age at delivery								
	22-28 weeks	39	0.8	14	0.3	14	2.2	7	1.1
	29-32 weeks	65	1.3	37	0.9	33	5.3	17	2.8
	33-36 weeks	262	5.3	225	5.2	66	10.5	62	10.1
	37-41 weeks	4504	91.1	4004	92.1	505	80.7	521	85.0
	≥42 weeks	73	1.5	69	1.6	8	1.3	6	1.0

T A B L E 1

group Intervention group n (%) n (%) Crude RR (95% CI) Adj. RR a (95% CI)

  Impact of intervention on primary and secondary outcomes.

	Control Primary outcomes SGA births			
		626	613		
	Suspicion of FGR AND (additional	232 (37.1)	245 (40.0)	1.08 (0.87-1.34)	1.09 (0.88-1.35)
	ultrasound OR provider indicated				
	delivery for FGR)				
	Secondary outcomes	Non-SGA births			
		4317	3736		
	Rate of false positives	192 (4.5)	212 (5.7)	1.28 (0.82-1.99)	1.33 (0.85-2.07)
		Overall population			
		4943	4349		
	Neonatal morbidity and mortality b	813 (16.5)	736 (16.9)	1.03 (0.82-1.30)	1.03 (0.81-1.30)
	Labor induction and caesarean prelabour	173 (3.5)	135 (3.1)	0.89 (0.57-1.38)	0.93 (0.61-1.43)
	before 37 weeks of gestation				
	Labour induction and caesarean prelabour	731 (14.8)	621 (14.3)	0.97 (0.64-1.45)	0.97 (0.66-1.42)
	before 39 weeks of gestation				
				Mean difference	Mean difference
		Mean ± SD	Mean ± SD	(95% CI)	(95% CI)
	Number of antenatal visits	7.7 ± 3.1	8.0 ± 3.		

T A B L E 3
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| 737 HPAG CLUSTER RANDOMISED TRIAL centres, which may reduce the external validity of our findings. However, a previous population-based study in France found similar screening performance between maternity hospitals, regardless of the level of care. [START_REF] Ego | Antenatal detection of fetal growth restriction and risk of stillbirth: population-based casecontrol study[END_REF] 

| CONCLUSION

The longitudinal reporting of information from antenatal growth monitoring did not improve the detection of FGR. These results contradict earlier findings in favour of screening based on the serial plotting of growth measurements from quasi-experimental studies with a lower level of evidence. [START_REF] Gardosi | Controlled trial of fundal height measurement plotted on customised antenatal growth charts[END_REF][START_REF] Roex | Serial plotting on customised fundal height charts results in doubling of the antenatal detection of small for gestational age fetuses in nulliparous women[END_REF] 
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