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Abstract 

Objective 

To investigate perinatal mortality, morbidity and obstetric intervention following the introduction of a 

universal late third-trimester ultrasound scan for growth restriction. 

Design 

Prospective cohort study  

Setting 

Oxfordshire (OUH), UK 

Population 

Women with a non-anomalous singleton pregnancy undergoing pregnancy care and term delivery at 

OUH with an estimated date of birth between 01/Jan/2014 and 30/Sept/2019. 

Methods 

Universal ultrasound for fetal growth restriction between 35+0 and 36+6 weeks was introduced in 2016. 

The outcomes of the next 18631 eligible term pregnancies were compared, adjusting for covariates and 

time, with the previous 18636 who had clinically- indicated ultrasounds only. ‘Screen positives’ for 

growth restriction were managed according to a pre-determined protocol which included non-

intervention for some SGA babies.  

Main Outcome Measures 

Extended perinatal mortality, a composite of mortality or encephalopathy Grade II-III, and expedited 

birth. Other outcomes included composite adverse outcomes used elsewhere, detection of low 

birthweight and birth from 37+0 to 38+6 weeks. 

Results 

Extended perinatal deaths decreased 27% and severe morbidity decreased 33% but neither change was 

statistically significant (aOR 0.53; 00.18-1.56 and aOR 0.71; 0.31-1.63). Expedited births changed from 

35.2% to 37.7% (aOR: 0.99 (0.92 – 1.06). Birthweight (<10th centile) detection using fetal biometry alone 

was 31.4% and rose to 40.5% if all abnormal scan parameters were used. 

 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

 

Conclusion 

Improvements in mortality and severe morbidity subsequent to introducing a universal ultrasound for 

growth restriction are encouraging but remain unclear. Little change in intervention is possible. The 

antenatal detection of low birthweight remains poor but improves where markers of growth restriction 

are used. 

 

Keywords 

Universal ultrasound, late pregnancy, 36-week, fetal growth restriction, FGR, perinatal morbidity and 

perinatal mortality. 

 

Tweetable abstract 

Introducing a universal late third trimester ultrasound scan, with management by protocol, might reduce  

some adverse pregnancy outcomes with little change in pregnancy interventions. 

 

What are the novel findings of this work? 

The introduction of a universal ultrasound-based screening test for FGR is followed by non significant 

reductions in extended perinatal mortality or severe morbidity. Detection of low birthweight increases 

best where criteria for growth restriction are used in addition to estimated weight. Despite increased 

workload, pregnancy intervention was altered little by using a management protocol. 

 

What are the clinical implications of this work? 

Introducing a universal late pregnancy ultrasound is feasible but mortality will probably only be 

significantly reduced by incorporating other risk factors in a prediction model to better target 

intervention.  
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Introduction 

Perinatal mortality and severe morbidity remain major problems in high-income settings.1,2 Preventive 

strategies are limited: the principal strategy is expedited birth of at-risk fetuses. Attention focuses on 

identifying babies born small for gestational age (SGA) because they are at a disproportionately increased 

risk of stillbirth1,3 and the risk is reduced if birthweight (<10th-centile) is identified antenatally.4,5  

 

The use of third-trimester ultrasound is increasing, largely based on a guideline, risk factor-based 

strategy.6 Given the limited predictive value of these risk factors and the potential for human error2 and 

concerns regarding equity, ‘universal’ ultrasound has been explored.7,8 Evidence suggests this increases 

the detection rate of birthweight (<10th-centile),7,8 but does not improve perinatal outcomes8,9, not least 

because many SGA babies are not growth restricted10,11 and birthweight (<10th-centile) comprise less 

than a quarter of stillbirths.3 Nevertheless, impaired placental function may be present in about half of 

stillbirths,12 and the concept of fetal growth restriction (FGR) has developed13. The most promising 

ultrasound-based additional predictors are growth velocity7 and Doppler parameters of the placental or 

fetal circulations14,15. The potential exists to incorporate these in a late pregnancy screening test. 

 

A screening test requires an effective intervention. In well SGA fetuses, intervention could cause harm: 

early-term birth is associated with increased infant mortality,16 and impaired cognitive and neurologica l 

development.17–20 The management of screen positives has been unclear in screening studies using 

ultrasound.8,21 Harm could also result when a fetus is incorrectly classified as SGA, principally because 

of ultrasound inaccuracy23. Nevertheless, evidence-based algorithms may reduce intervention, allowing 

expedited birth to be targeted to those at most risk.22,23 

 

In 2016 a universal 36-week ultrasound scan was introduced for all pregnant women at the Oxford 

University Hospitals NHS Foundation Trust (OUH): the Oxford Growth Restriction Identificat ion 

Programme (OxGRIP). This study aims to investigate the impact of the OxGRIP initiative in the 
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population of women who gave birth in Oxfordshire in the study period on perinatal morbidity and 

mortality. 

 

Methods 

Study design and participants 

This is cohort study of women who had pregnancy care and gave birth at the OUH with a single ton 

pregnancy, an estimated date of delivery (EDD) between 01/Jan/2014 and 30/Sept/2019, and booked for 

care before 20 weeks. Exclusion criteria were: non-singleton pregnancy; known major fetal anomaly; 

women referred only for tertiary care; and birth <37+0 weeks' gestation. The cohort was divided into two 

time periods, before and after the introduction of the OxGRIP initiative. 

 

Setting 

The OUH comprises one large obstetric unit at the John Radcliffe Hospital, Oxford; four midwifery- led 

units (MLUs); and one unit which was a consultant- led unit until 30/Sept/2016 and an MLU thereafter. 

There are approximately 7500 births per annum. The John Radcliffe Hospital also has a tertiary fetal and 

maternal medicine service, a level-3 neonatal intensive care unit (NICU) and paediatric surgical facilitie s.  

 

All women (excepting IVF pregnancies) were dated by crown rump length (CRL) between 11+0 and 13+6 

weeks or, if booking after this, by measurement of head circumference (HC); a scan between 19+0 and 

20+6 weeks was always performed for detection of structural abnormalities. Throughout the study period, 

later ultrasound examinations, +/- intervention, were conducted if fetal growth was suboptimal, in a 

consultant- led ‘growth’ clinic. At this, all fetal measurements were repeated, with assessment of 

umbilical artery (UmbA) pulsatility index (PI), middle cerebral artery (MCA) PI, uterine artery PI, 

cerebroplacental ratio (CPR) and calculation of low abdominal circumference (AC) growth velocity, 

defined as a >40-centile reduction from the 20-week scan. Expectant management or expedited birth was 

offered (Fig S1) according to a modification of a published protocol22.  

 

Exposure 
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Before OxGRIP implementation, women with an EDD before 01/Oct/2016 had ultrasound scans at any 

gestation as considered clinically indicated, on the basis of risk factors or new pregnancy complications2 4 . 

The EFW and UmbA-PI were recorded. Suspected SGA fetuses with EFW<10thcentile or umbA-PI> 

95th-centile were referred to the growth clinic. 

 

Following OxGRIP implementation, all women with an EDD from 01/Oct/2016 were offered a universa l 

ultrasound between 35+0 and 36+6 weeks. The EFW, UmbA-PI, MCA-PI, CPR and AC growth velocity 

were recorded. Women were considered ‘screen positive’ and referred for secondary assessment not only 

when EFW <10th-centile, or when UmbA PI >95th-centile, but also if the CPR<1.1, or if there was a >40-

centile point AC growth deceleration compared to the 20-week scan  (Fig S1). In addition, all pregnancies 

within the implementation time had uterine artery Doppler performed at the time of the anomaly scan: 

this was only used to determine routine scans prior to 35 weeks.   

 

Outcomes 

Outcomes for the period before and after OxGRIP implementation were compared. A priori primary 

outcome measures were: 1) extended perinatal mortality - stillbirths and neonatal deaths up to 28 days 

per 1000 total births; 2) composite adverse perinatal outcome-1 (CAPO-1) defined as extended perinatal 

mortality or Sarnat’s25 encephalopathy grade II or III : a surrogate for ‘mortality or severe morbidity’ ; 

and 3) expedited birth, defined as induction of labour or pre-labour caesarean section. Several a priori 

secondary outcomes of perinatal mortality and morbidity were used (defined in the footnotes of tables). 

Breech presentation was not presented as this has been previously reported.26 

 

Equipment and staff 

All ultrasound examinations were performed by accredited sonographers or clinical fellows using GE 

Healthcare E6,E8, E10 or Philips EPIQ 7 machines. Measurements were transferred electronically using 

the standard Digital Imaging and Communications in Medicine (DICOM) format; and stored in a digita l 

database using the archiving software Viewpoint version™ 5.6.25.281, (GE Healthcare). All 
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sonographers were locally trained in the new guidelines and referral pathways. Random image analysis 

and measurement distributions were audited for quality control.27  

 

Public and patient involvement (PPI) 

A PPI focus group consisting of 5 user representatives was consulted in April 2016 and questionnaire s 

were handed to the first 250 women undergoing a routine third-trimester scan. Of these, unit data shows 

that all but one (99.6%) welcomed the scan, although 24 (9.6%) felt more anxious after it. 

 

Data sources and definitions 

Routinely collected maternal, fetal and neonatal follow-up data were sourced from electronic patient 

records (maternal: Cerner Millennium®, London, UK; neonatal: Badgernet®, Clevermed, Edinburgh, 

UK) and the ultrasound database (Viewpoint™ version 5.6.25.281, GE Healthcare). Using unique study 

identifiers for each pregnancy, data were merged to create a dataset containing mother-baby pairs. Source 

documents for all extended perinatal deaths and severe morbidity were also manually reviewed.  

 

De-identified demographic data and clinical variables were extracted. Body mass index was classified as 

per a  modification of World Health Organization criteria with all obesity classes grouped together .28 

Ethnicity was categorized as white; black or African descent; Asian or Asian descent; or mixed. 

Socioeconomic status was based on the index of multiple deprivation (IMD) quintile using residentia l 

postcode.29 Maternal hyperglycemia was classified into overt (pre-existing type I and II) diabetes or 

gestational diabetes (GDM) using the International Association of Diabetes in Pregnancy Study Group 

(IADPSG) criteria,30 while hypertensive disorders of pregnancy were defined according to the 

International Society for the Study of Hypertension in Pregnancy (ISSHP).31 EFW and EFW centiles 

were calculated according to Hadlock;32,33 birthweight according to UK 90 charts34; umbA and MCA 

according to Ciobanu et. al.35 and FGR was defined according to ISUOG.13 

 

Statistical Analysis 
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Participants' demographic and clinical characteristics by exposure were summarised using proportions 

and frequencies for categorical data and means with standard deviation (SD) for continuous data and 

median and interquartile range (IQR) if not normally distributed. The association between each covariate 

by exposure or outcome groups, was assessed using Student's t-tests (continuous variables), and Pearson 

chi-square (χ2) tests or Fisher's exact test (for categorical variables) as appropriate. 

 

The unadjusted effect of each primary outcome by exposure was explored with univariable logist ic 

regression to estimate odds ratios (ORs) with 95% confidence intervals (95% CIs). Since the 

multivariable analysis was to identify the effect of the primary outcomes by study arms and not develop 

a prognostic or diagnostic model, all identified potential confounders were included in the multivariab le 

logistic regression model to estimate adjusted ORs (aORs) without stepwise regression. For the primary 

outcomes, covariates associated with both exposure and outcome at P<0.1 were included in multivariab le 

analysis. For consistency across all secondary outcomes, covariates associated with the exposure at P<0.1 

were included in the multivariable analysis (maternal age at childbirth, body mass index, ethnicity, 

smoking at any point during pregnancy, current illicit substance use, maternal hyperglycemia and 

gestational age at childbirth). The place of care was not included in the models because it was deemed 

on the causal pathway. All multivariable models also included time so that the effect of the exposure was 

adjusted for underlying trends in the data.36 It was not possible to explore more complex interrupted time 

series models because most of the study outcomes were rare and the study period could only be 

disaggregated into a small number of time points.36 Finally, a sensitivity analysis was conducted by 

handling missing data with multiple imputations (Appendix 1). 

 

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement guided 

the study reporting. All statistical analyses were carried out in Stata MP (Version-16.1, Stata Corp., 

College Station, TX, USA).  

 

Sample Size Considerations and Power Analysis 
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With a fixed sample size of just over 18,500 women in each of the study arms, and the estimated 

prevalence of extended perinatal mortality, CAPO-1 and expedited birth in the pre-exposure group being 

2.0/1000 births, 3.0/1000 and 35% respectively, the calculated ranges of ORs detectable with 80% power 

at P<0.05 were: ≤0.41 or ≥1.82, ≤ 0.54 or ≥ 1.62 and ≤ 0.96 or ≥ 1.04, respectively.  

 

Results 

During the study period, 37267 eligible women were included: 18636 pregnancies before and 18631 

pregnancies after the policy of universal ultrasound (Figure-1). Table-1 summarises the socio-

demographic and pregnancy characteristics. Post-exposure, women had a slightly higher mean age and 

BMI, more had gestational diabetes and more cases of illicit substance use, but slightly fewer smoked 

and more gave birth outside a consultant-led unit.  

 

Pre-exposure, 6605 (35.4%) had an ultrasound from 35+0 weeks compared with 18459 (99.1%) after. The 

ACGV was calculated in 4502 (24.2%) before, and in 18146 (97.4%) after). The CPR was calculated in 

439 (2.4%) before, and in 17988 (96.6%) after (Table S2). 

 

Table-2 summarises perinatal outcomes in the pre-and post-exposure groups. Extended perinatal death 

changed from 1.7/1000 births to 1.2/1000 (OR 0.72; 95%CI 0.42-1.23). CAPO-1 (extended perinatal 

mortality or encephalopathy Grade 2-3) from 2.9/1000 to 1.9/1000 total births (OR 0.67; 95%CI 0.44-

1.02). Adjustment including for other covariates and time altered the point estimates little, but widened 

the confidence intervals. There was an increase in expedited births from 35.2% to 37.7%, but this was 

attenuated after adjustment for time and covariates. The proportion affected by CAPO-2 (a replication of 

Sovio et al7) changed little (9.2/1000 to 8.7/1000 total births); those affected by CAPO-3 (a replicat ion 

of the IRIS study)8 appeared to reduce (24.6/1000 to 21.4/1000 total births) but these were not significant 

after adjustment for time and covariates. No significant differences were found for other perinatal or 

neonatal outcomes.  
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Post-exposure, 1643 (8.9%) were ‘screen positive’ women at the growth scan and 1372 (7.4% of the 

OxGRIP group) were seen in the fetal medicine clinic, an increase of 124% (Table S2). Of those not 

seen, 82 gave birth first, 135 were referred and managed without a repeat ultrasound and 54 were not 

referred. One of these unreferred ‘screen positive’ babies was stillborn at 39 weeks and weighed <10th-

centile. The other three deaths in ‘screen positive’ pregnancies had expedited births and were neonatal 

deaths, as a result of hypopglycaemia, late onset-Group B streptococcus (GBS), and sudden infant death 

syndrome (SIDS). All other 19 (82.6%) deaths during the OxGRIP period were ‘screen negative’; 4 of 

these babies had a birthweight <10th centile.  

 

Table 3 summarises changes in SGA and FGR detection pre- and post-OxGRIP. The detection of 

birthweight<10th-centile using EFW<10th-centile increased little, from 25.7% to 31.4%; the detection of 

birthweight<3rd-centile using EFW<3rd-centile increased from 21.6% to 26.9%.  This was because, 

despite the increase in the number of scans, the proportion that had an EFW<10th or 3rd-centile dropped 

considerably: for the former from 10.7% to 4.1%.  

 

Intervention paradox prevents calculation of screening performance of the referral criteria for mortality, 

but this is presented for SGA (Table 4).  Where ‘screen positive’ for FGR, as opposed to merely EFW 

<10th or <3rd centiles, the detection rates of birthweight <10th-centile and <3rd-centile were 40.5% and 

57.2%, respectively, albeit for a loss of specificity. 

 

Table S3 presents secondary maternal outcomes. The small increase in expedited birth (Table-2) was due 

to increases in both pre-labour caesarean section (10.4% to 12.0%) and induction of labour (24.8% to 

25.7%), but after adjustment neither was significant. Although significantly fewer women (19.1% to 

17.1%) gave birth from 37+0 to 38+6 weeks, this observed increase was also entirely attenuated after 

adjustment for time. Significantly more women gave birth at ≥41week.  
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Discussion 

Main findings  

This before and after ‘real-life’ study describes perinatal outcomes subsequent to the introduction of a 

universal late third-trimester ultrasound-based screening programme for fetal growth restriction in a 

single large maternity unit. The relatively large reductions in the odds of ‘extended perinatal mortality’ 

(27%) and ‘mortality or serious morbidity’ (33%) were not statistically significant and the analysis was 

underpowered. Small increases in expedited birth, both pre labour caesarean and labour induction, were 

more likely due to underlying trends. Surprisingly, the observed 10.5% reduction in early term birth was 

also not significant after adjustment for covariates and time. The increase in detection of birthweight 

(<10th-centile) using EFW alone was modest but sensitivity was greatly increased with the addition of 

other scan parameters used as referral criteria.  

 

Strengths and Limitations 

Our low stillbirth rate was lower than the 3.14/1000 for Oxfordshire (2019).2 In this analysis, we used 

congenitally normal births > 36+6 weeks. MBRRACE-UK data show that 25% of stillbirths are born at 

term: our rate is consistent with this.2 The principal limitations are 1) the size of the cohort which was 

inadequate to detect alterations in rare outcomes and 2) that causality is unproven even after adjustment. 

Often, RCTs require intense resources and unlike ‘real-life’ studies, their findings apply only when the 

trial conditions are recreated. Furthermore, an intervention in some women could affect others, by 

diversion of resources and staff,  factors repeatedly cited as contributory factors to perinatal loss.2 The 

mere description of changes subsequent to a routine late ultrasound in this study is, therefore, important. 

Nevertheless, the findings could be due to unit-level or national trends and it is for this reason we also 

adjusted for covariates and time. However, 18 months of the time analysed before the introduction of 

OxGRIP was part of a national stillbirth initiative37, with a subsequent 20% reduction in incidence3 8  

Indeed, the principal component of the national initiative was probably increased ultrasound, and 

induction; others (e.g. fetal movement initiatives) are unsupported by  evidence39 or changed little (e.g. 

smoking).  
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Interpretation 

Previous studies of routine late pregnancy ultrasound have not been encouraging. In a systematic review 

of eight trials and 30675 participants, Bricker et. al. found no benefit to routine growth ultrasound (RR 

perinatal mortality-1.01, 95CI 0.67-1.54).21 However, this review covered gestations from 24 weeks, 

Doppler and growth velocity were not considered and the management of screen positives was 

unspecified. Despite its size, the meta-analysis  was still underpowered.40 The IRIS study tested two 

scans in 13046 low-risk pregnancies8. Doppler was not considered, and the management protocol was 

unclear. Our findings was similar to the IRIS study’s results (replicated as our CAPO-3).  

 

1. Rates of adverse perinatal outcomes  

Improvements in outcome may have been limited because the cause of perinatal deaths is heterogeneous, 

and the intervention would only address placental failure.  Our reductions in extended mortality and the 

composite CAPO-1 may be due to chance, which could not be excluded due to limited statistical power. 

The management algorithm of screen positive fetuses was effective, with no stillbirths in the referred 

group, but one death that could be attributed to the failure to refer the woman appropriately. The problem 

was sensitivity, with 19/23 (82.6%) post-intervention deaths having screened negative. Part of this may 

be due to our reliance on categorical cut-offs, rather than continuous variables, for instance a pregnancy 

where the EFW was on the 11th-centile and the CPR on the 6th would have screened negative. It also 

reflects the limited predictive value of ultrasound and the inaccuracy of EFW estimation.  

 

2. SGA and FGR detection 

Despite the move from clinically indicated to universal ultrasound, the detection rate of birthweight<10th-

centile increased little, from 25.7% to 31.4%, when using EFW<10th-centile as screen positive. That of 

birthweight <3rd-centile was 21.6% to 26.9%. Given the unselected nature of a universal scan, the 

percentage of screen positive scans (EFW<10th-centile) decreased from 10.7% to 4.1% (Table-3) 

following OXGRIP implementation. With the increase in scans performed, a reduction in the percentage 

of EFW<10th-centile was expected, but the rate of this was only 4.1%, against a UK90 incidence of 

birthweight<10th centile of 7.2%, and so increases in detection rate would be limited.41 Sovio et al.7 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

previously reported a large increase in detection of birthweight <10th-centile following universa l 

ultrasound, from 20% to 57%. Yet their percentage of screen positive scans (EFW<10th-centile) 

paradoxically increased in their universal scan group (14.4%) compared to their selective scan group 

(8.2%), which is hard to explain. Whatever the reason, it is expected that a higher screen positive rate 

will also be associated with higher detection rate, and higher screen positive rates could contribute to 

unnecessary intervention. It is also notable that others also report modest detection rates with universa l 

scanning.8,42  

 

The contribution of our detection rates can be seen: there were 5 deaths in the universal scan period who 

had a birthweight<10th-centile: 4 had an EFW >10th-centile. This also reflects the limited contribution of 

SGA to serious adverse outcomes: SGA detection is less important than that of FGR. The criteria for 

being ‘screen positive’, and therefore referred, were adapted from ISUOG Guidelines.13 but did also 

include all where the EFW was <10th centile. The importance of growth velocity is emphasized in these 

and by Sovio et al.7 Our assessment of growth velocity as in the methods was simplistic but easier for 

sonographers. The umbA-PI and CPR were also used because these have been shown to be independent 

of EFW in predicting adverse outcome,14,43 with CPR modestly predicting adverse outcomes even in 

appropriately grown fetuses15. It is notable how much better our detection of low birthweight appears 

when our criteria for referral, which included other scan parameters, are used, albeit for a loss of 

specificity Table 4). Indeed, any improvement in adverse outcomes is likely to have been due to the 

identification of FGR, as opposed to SGA fetuses.44 An argument could be made for routinely assessing 

these factors at third-trimester growth scans. 

 

3 Rates of interventions 

Reporting perinatal mortality is of limited value if intervention is not considered. Routine early-term 

induction reduces perinatal mortality45 but infant mortality,16,17 and childhood neurodevelopmenta l 

complications,18–20  are higher than after birth at 39-41 weeks. This is reflected in the UK’s rising NNU 

admission rate,38 itself ironically a national target46. Expedited birth may therefore cause considerable 

but unmeasured harm in many, for the benefit of few. Expedited birth also limits choice, and by creating 
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additional workload,38 may create risk.47 Our third primary outcome, therefore, assessed expedited birth, 

either by induction of labour or pre-labour caesarean section. This rose 7.1%, from 35.2% to 37.7%. The 

3.6% increase in induction is lower than the 16.1% reported by Heinrichs et al.8 and the 20% increase3 8  

reported with the English Saving Babies Lives Initiative and indeed following adjustment for covariates 

and time, was not statistically significant. Further, early-term birth, with the potential to cause most 

harm16–20, did not increase. This is likely to be due to secondary assessment and management at the 

‘growth’ clinic, but this required increased resource in addition to that required for universal scanning. 

 

Surprisingly, more pregnancies reached 41 and 42 weeks, when it is known that expediting birth at 41 

weeks reduces perinatal mortality.48 Nevertheless, there were no deaths in the intervention period and 

only one with CAPO-1 was born after 41+0 weeks. It is unclear why this change occurred. Perhaps the 

scan provided reassurance; the unit policy of offering induction of labour by 42+0 weeks remained 

unchanged.  

 

Conclusion 

A universal scan programme can be successfully implemented, but the impact on serious adverse 

outcomes remains unclear. Detection of SGA remains poor, but the use of markers of FGR improves 

detection considerably. Protocol-driven management of ‘screen positives’ minimises intervention but 

creates further workload. The limited change in adverse perinatal outcomes is not primarily because of 

poor birthweight (<10th-centile) detection rates. It is likely to be because scan parameters, particular ly 

when assessed once, are not the only risk factors for adverse outcome: demographic and clinical factors 

and biomarkers also matter.49 This points to the need for predictive models. Limited versions exist but 

are at high risk of bias and have not been rigorously tested50. This needs urgent attention and the Tommy’s 

app51 is welcomed in this regard. In combination with the few preventative measures available, better 

underlying health and resources, addressing human factors, and established interventions such as post-

dates induction, perinatal mortality can be reduced further. Importantly, this must not lead to a shortening 

of the already brief human gestation, as long-term morbidity could be the price of reduced perinatal 

mortality. 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

 

 

 

Acknowledgments 

The authors gratefully acknowledge the help of Oxford Academic Health Science Network and the 

midwives, sonographers and doctors of the Oxford University Hospitals NHS Foundation Trust. 

 

Disclosure of Interests 

None 

 

Contribution to authorship 

AKA and LI conceptualized and designed the study; CI, AC and LI were involved in performing the 

intervention; AKA performed the data analysis; All authors interpreted the results; AKA drafted the 

article; All the authors reviewed, approved and are accountable for the final version for publication. 

 

Ethics Committee approval 

NHS Health Research Authority ethical approval for this analysis was granted on 27/07/2017 (IRAS 

project ID 222260; REC reference 17/SC/0374).  

 

Funding  

AKA is funded by an NDPH-Keble College free tuition D-Phil scholarship and this analysis forms part 

of his DPhil project.  

 

REFERENCES 

1.  Lawn JE, Blencowe H, Waiswa P, Amouzou A, Mathers C, Hogan D, et al. Stillbirths: rates, risk 

factors, and acceleration towards 2030. Lancet [Internet]. 2016 Feb 6 [cited 2021 Mar 

4];387(10018):587–603. Available from: https://pubmed.ncbi.nlm.nih.gov/26794078/ 

2.  Draper E, Gallimore I, Smith L, Fenton A, Kurinczuk L, Smith P, et al. MBRRACE-UK 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

Perinatal Mortality Surveillance Report, UK Perinatal Deaths for Births from January to 

December 2019. [Internet]. Leicester; 2021 [cited 2022 Feb 2]. Available from: 

https://www.npeu.ox.ac.uk/mbrrace-uk/reports 

3.  Flenady V, Koopmans L, Middleton P, Frøen JF, Smith GC, Gibbons K, et al. Major risk factors 

for stillbirth in high- income countries: a systematic review and meta-analysis. Lancet [Internet]. 

2011 Apr 16 [cited 2020 Mar 24];377(9774):1331–40. Available from: 

http://www.thelancet.com/article/S0140673610622337/fulltext 

4.  Lindqvist PG, Molin J. Does antenatal identification of small-for-gestational age fetuses 

significantly improve their outcome? Ultrasound Obstet Gynecol [Internet]. 2005 Mar [cited 

2020 Feb 22];25(3):258–64. Available from: https://pubmed.ncbi.nlm.nih.gov/15717289/ 

5.  Andreasen LA, Tabor A, Nørgaard LN, Rode L, Gerds TA, Tolsgaard MG. Detection of growth-

restricted fetuses during pregnancy is associated with fewer intrauterine deaths but increased 

adverse childhood outcomes: an observational study. BJOG An Int J Obstet Gynaecol [Internet]. 

2021 Jan 1 [cited 2022 May 13];128(1):77–85. Available from: 

https://onlinelibrary.wiley.com/doi/full/10.1111/1471-0528.16380 

6.  Williams M, Turner S, Butler E, Gardosi J. Fetal growth surveillance – Current guidelines, 

practices and challenges. Ultrasound [Internet]. 2018 May 22 [cited 2020 Oct 31];26(2):69–79. 

Available from: https://pubmed.ncbi.nlm.nih.gov/30013607/ 

7.  Sovio U, White IR, Dacey A, Pasupathy D, Smith GCSS. Screening for fetal growth restriction 

with universal third trimester ultrasonography in nulliparous women in the Pregnancy Outcome 

Prediction (POP) study: a prospective cohort study. Lancet [Internet]. 2015 Nov 21 [cited 2018 

Dec 23];386(10008):2089–97. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26360240 

8.  Henrichs J, Verfaille V, Jellema P, Viester L, Pajkrt E, Wilschut J, et al. 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. BMJ 

[Internet]. 2019 Oct 15 [cited 2020 Feb 3];367:l5517. Available from: 

https://www.bmj.com/lookup/doi/10.1136/bmj.l5517 

9.  Al-Hafez L, Chauhan SP, Riegel M, Balogun OA, Hammad IA, Berghella V. Routine third-

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

trimester ultrasound in low-risk pregnancies and perinatal death: a systematic review and meta-

analysis. Am J Obstet Gynecol MFM [Internet]. 2020 Nov 1 [cited 2021 Jan 21];2(4):100242. 

Available from: https://www.journals.elsevier.com/american-journal-of-obstetrics-and-

gynecology-mfm 

10.  Alberry M, Soothill P. Management of fetal growth restriction. Arch Dis Child - Fetal Neonatal 

Ed [Internet]. 2007 Jan 1 [cited 2021 Aug 25];92(1):F62–7. Available from: 

/pmc/articles/PMC2675309/ 

11.  Poon LCY, Tan MY, Yerlikaya G, Syngelaki A, Nicolaides KH. Birth weight in live births and 

stillbirths. Ultrasound Obstet Gynecol [Internet]. 2016 Nov 1 [cited 2022 Apr 5];48(5):602–6. 

Available from: https://onlinelibrary.wiley.com/doi/full/10.1002/uog.17287 

12.  Gardosi J, Kady SM, McGeown P, Francis A, Tonks A. Classification of stillbirth by relevant 

condition at death (ReCoDe): Population based cohort study. Br Med J [Internet]. 2005 Nov 12 

[cited 2021 Jan 9];331(7525):1113–7. Available from: 

https://pubmed.ncbi.nlm.nih.gov/16236774/ 

13.  Gordijn SJ, Beune IM, Thilaganathan B, Papageorghiou A, Baschat AA, Baker PN, et al. 

Consensus definition of fetal growth restriction: a Delphi procedure. Ultrasound Obstet Gynecol 

[Internet]. 2016 Sep 1 [cited 2020 Mar 24];48(3):333–9. Available from: 

http://doi.wiley.com/10.1002/uog.15884 

14.  Vollgraff Heidweiller‐Schreurs C, Osch I, Heymans M, Ganzevoort W, Schoonmade L, Bax C, 

et al. Cerebroplacental ratio in predicting adverse perinatal outcome: a meta‐analysis of 

individual participant data. BJOG An Int J Obstet Gynaecol [Internet]. 2021 Jan 8;128(2):226–

35. Available from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emexb&NEWS=N&AN=2005

168726 

15.  Khalil A, Morales-Rosello J, Khan N, Nath M, Agarwal P, Bhide A, et al. Is cerebroplacental 

ratio a marker of impaired fetal growth velocity and adverse pregnancy outcome? Am J Obstet 

Gynecol [Internet]. 2017 Jun 1 [cited 2021 Aug 27];216(6):606.e1-606.e10. Available from: 

http://www.ajog.org/article/S0002937817301825/fulltext 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

16.  Rosenstein MG, Cheng YW, Snowden JM, Nicholson JM, Caughey AB. Risk of Stillbirth and 

Infant Death Stratified by Gestational Age. Obstet Gynecol [Internet]. 2012 Jul [cited 2021 Aug 

25];120(1):76–82. Available from: https://pubmed.ncbi.nlm.nih.gov/22914394/ 

17.  Spong CY, Mercer BM, D’Alton M, Kilpatrick S, Blackwell S, Saade G. Timing of Indicated 

Late-Preterm and Early-Term Birth. Obstet Gynecol [Internet]. 2011 Aug [cited 2021 Jan 

9];118(2):323–33. Available from: /pmc/articles/PMC3160133/?report=abstract 

18.  Chan E, Quigley MA. School performance at age 7 years in late preterm and early term birth: a 

cohort study. Arch Dis Child - Fetal Neonatal Ed [Internet]. 2014 Nov 1 [cited 2021 Aug 

25];99(6):F451–7. Available from: https://pubmed.ncbi.nlm.nih.gov/24966128/ 

19.  Rose O, Blanco E, Martinez SM, Sim EK, Castillo M, Lozoff B, et al. Developmental Scores at 

1 Year With Increasing Gestational Age, 37-41 Weeks. Pediatrics [Internet]. 2013 May 1 [cited 

2021 Aug 27];131(5):e1475–81. Available from: /pmc/articles/PMC3639464/ 

20.  Poulsen G, Wolke D, Kurinczuk JJ, Boyle EM, Field D, Alfirevic Z, et al. Gestational Age and 

Cognitive Ability in Early Childhood: a Population-based Cohort Study. Paediatr Perinat 

Epidemiol [Internet]. 2013 Jul [cited 2022 Feb 2];27(4):371–9. Available from: 

https://pubmed.ncbi.nlm.nih.gov/23772939/ 

21.  Bricker L, Medley N, Pratt JJ. Routine ultrasound in late pregnancy (after 24 weeks’ gestation). 

Cochrane Database Syst Rev [Internet]. 2015 Jun 29 [cited 2020 Jan 28];2015(6):CD001451. 

Available from: https://pubmed.ncbi.nlm.nih.gov/26121659/ 

22.  Veglia M, Cavallaro A, Papageorghiou A, Black R, Impey L. Small‐for‐gestational‐age babies 

after 37 weeks: impact study of risk‐stratification protocol. Ultrasound Obstet Gynecol 

[Internet]. 2018 Jul 4 [cited 2020 May 14];52(1):66–71. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1002/uog.17544 

23.  Figueras F, Savchev S, Triunfo S, Crovetto F, Gratacos E. An integrated model with 

classification criteria to predict small-for-gestational-age fetuses at risk of adverse perinatal 

outcome. Ultrasound Obstet Gynecol [Internet]. 2015 Mar 1 [cited 2021 Aug 25];45(3):279–85. 

Available from: https://pubmed.ncbi.nlm.nih.gov/25358519/ 

24.  Royal College of Obstetricians and Gynaecologists. The Investigation and Management of the 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

Small-for-Gestational-Age Fetus [Internet]. Royal College of Obstetricians and Gynaecologists - 

Guideline No. 31. United Kingdom; 2013 [cited 2018 Dec 18]. Available from: 

https://www.rcog.org.uk/globalassets/documents/guidelines/gtg_31.pdf 

25.  Sarnat HB, Sarnat MS. Neonatal Encephalopathy Following Fetal Distress: A Clinical and 

Electroencephalographic Study. Arch Neurol [Internet]. 1976 [cited 2021 Mar 29];33(10):696–

705. Available from: https://pubmed.ncbi.nlm.nih.gov/987769/ 

26.  Salim I, Staines-Urias E, Mathewlynn S, Drukker L, Vatish M, Impey L. The impact of a routine 

late third trimester growth scan on the incidence, diagnosis, and management of breech 

presentation in Oxfordshire, UK: A cohort study. Myers JE, editor. PLOS Med [Internet]. 2021 

Jan 15 [cited 2021 Feb 1];18(1):e1003503. Available from: 

https://dx.plos.org/10.1371/journal.pmed.1003503 

27.  Cavallaro A, Ash ST, Napolitano R, Wanyonyi S, Ohuma EO, Molloholli M, et al. Quality 

control of ultrasound for fetal biometry: results from the INTERGROWTH-21 st Project. 

Ultrasound Obstet Gynecol [Internet]. 2018 Sep 1 [cited 2020 Apr 30];52(3):332–9. Available 

from: https://onlinelibrary.wiley.com/doi/10.1002/uog.18811 

28.  World Health Organization. Obesity: preventing and managing the global epidemic. Report of a 

WHO consultation [Internet]. 2000 [cited 2022 May 9]. Available from: 

https://pubmed.ncbi.nlm.nih.gov/11234459/ 

29.  Penney B. The English indices of deprivation 2019 - Statistical Release [Internet]. 2019 [cited 

2021 Mar 29]. p. 1–31. Available from: https://www.gov.uk/government/statistics/english-

indices-of-deprivation-2019 

30.  Metzger BE. International Association of Diabetes and Pregnancy Study Groups 

recommendations on the diagnosis and classification of hyperglycemia in pregnancy [Internet]. 

Vol. 33, Diabetes Care. American Diabetes Association; 2010 [cited 2021 Mar 26]. p. 676–82. 

Available from: http://care.diabetesjournals. 

31.  Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, et al. Hypertensive 

Disorders of Pregnancy. Hypertension [Internet]. 2018 Jul [cited 2019 May 20];72(1):24–43. 

Available from: https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.117.10803 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

32.  Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park SK. Estimation of fetal weight with the 

use of head, body, and femur measurements—A prospective study. Am J Obstet Gynecol 

[Internet]. 1985 Feb 1 [cited 2020 Apr 23];151(3):333–7. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/0002937885902984 

33.  Hadlock FP, Harrist RB, Martinez-Poyer J. In utero analysis of fetal growth: a sonographic 

weight standard. Radiology [Internet]. 1991 Oct 1 [cited 2020 Feb 18];181(1):129–33. Available 

from: http://pubs.rsna.org/doi/10.1148/radiology.181.1.1887021 

34.  Cole TJ, Freeman J V., Preece MA. British 1990 growth reference centiles for weight, height, 

body mass index and head circumference fitted by maximum penalized likelihood. Stat Med 

[Internet]. 1998 Feb 28 [cited 2021 Mar 29];17(4):407–29. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-0258(19980228)17:4%3C407::AID-

SIM742%3E3.0.CO;2-L 

35.  Ciobanu A, Wright A, Syngelaki A, Wright D, Akolekar R, Nicolaides KH. Fetal Medicine 

Foundation reference ranges for umbilical artery and middle cerebral artery pulsatility index and 

cerebroplacental ratio. Ultrasound Obstet Gynecol [Internet]. 2019 Apr 1 [cited 2022 Sep 

23];53(4):465–72. Available from: https://pubmed.ncbi.nlm.nih.gov/30353583/ 

36.  Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the evaluation of 

public health interventions: a tutorial. Int J Epidemiol [Internet]. 2017 Feb 1 [cited 2022 Sep 

12];46(1):348–55. Available from: https://academic.oup.com/ije/article/46/1/348/2622842 

37.  NHS England. Saving Babies’ Lives A care bundle for reducing stillbirth [Internet]. [cited 2018 

Dec 18]. Available from: https://www.england.nhs.uk/wp-content/uploads/2016/03/saving-

babies-lives-car-bundl.pdf 

38.  Widdows K, Roberts SA, Camacho EM, Heazell AEP. Stillbirth rates, service outcomes and 

costs of implementing NHS England’s Saving Babies’ Lives care bundle in maternity units in 

England: A cohort study. Oei JL, editor. PLoS One [Internet]. 2021 Apr 19 [cited 2021 Aug 

26];16(4):e0250150. Available from: 

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0250150 

39.  Norman JE, Heazell AEP, Rodriguez A, Weir CJ, Stock SJE, Calderwood CJ, et al. Awareness 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

of fetal movements and care package to reduce fetal mortality (AFFIRM): a stepped wedge, 

cluster-randomised trial. Lancet [Internet]. 2018 Nov 3 [cited 2021 Aug 26];392(10158):1629–

38. Available from: http://www.thelancet.com/article/S0140673618315435/fulltext 

40.  Smith G. A critical review of the Cochrane meta‐analysis of routine late‐pregnancy ultrasound. 

BJOG An Int J Obstet Gynaecol [Internet]. 2021 Jan 28 [cited 2020 Oct 11];128(2):207–13. 

Available from: https://pubmed.ncbi.nlm.nih.gov/32598533/ 

41.  Mathewlynn S, Impey L, Ioannou C. Detection of small- and large-for-gestational age using 

different combinations of prenatal and postnatal charts. Ultrasound Obstet Gynecol [Internet]. 

2022 Sep [cited 2022 Sep 24];60(3):373–80. Available from: 

https://pubmed.ncbi.nlm.nih.gov/35708532/ 

42.  Ciobanu A, Khan N, Syngelaki A, Akolekar R, Nicolaides KH. Routine ultrasound at 32 vs 36 

weeks’ gestation: prediction of small-for-gestational-age neonates. Ultrasound Obstet Gynecol 

[Internet]. 2019 Jun 1 [cited 2020 Mar 24];53(6):761–8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/30883981 

43.  Vollgraff Heidweiller-Schreurs CAA, De Boer MAA, Heymans MWW, Schoonmade LJJ, 

Bossuyt PMM, Mol BWJ, et al. Prognostic accuracy of cerebroplacental ratio and middle 

cerebral artery Doppler for adverse perinatal outcome: systematic review and meta-analysis. 

Ultrasound Obstet Gynecol [Internet]. 2018 Mar 1 [cited 2020 Feb 10];51(3):313–22. Available 

from: 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed19&NEWS=N&AN=624

125157 

44.  Akolekar R, Panaitescu AM, Ciobanu A, Syngelaki A, Nicolaides KH. Two-stage approach for 

prediction of small- for-gestational-age neonate and adverse perinatal outcome by routine 

ultrasound examination at 35–37 weeks’ gestation. Ultrasound Obstet Gynecol [Internet]. 2019 

Oct 1 [cited 2022 Mar 21];54(4):484–91. Available from: 

https://onlinelibrary.wiley.com/doi/full/10.1002/uog.20391 

45.  Middleton P, Shepherd E, Morris J, Crowther CA, Gomersall JC. Induction of labour at or 

beyond 37 weeks’ gestation. Cochrane Database Syst Rev [Internet]. 2020 Jul 15 [cited 2021 Jan 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

21];2020(7). Available from: https://pubmed.ncbi.nlm.nih.gov/32666584/ 

46.  NHS England Improving Value Scheme. Avoiding Term Admissions Into Neonatal units 

(ATAIN) [Internet]. London; 2017 [cited 2021 Aug 27]. Available from: 

https://www.england.nhs.uk/mat-transformation/reducing-admission-of-full-term-babies-to-

neonatal-units/ 

47.  Ball JA, Washbrook M. Developing a real-time assessment of staffing needs in delivery suites. 

http://dx.doi.org/1012968/bjom20101812780 [Internet]. 2014 Aug 27 [cited 2022 Apr 

5];18(12):780–5. Available from: 

https://www.magonlinelibrary.com/doi/epdf/10.12968/bjom.2010.18.12.780 

48.  Keulen JK, Bruinsma A, Kortekaas JC, Van Dillen J, Bossuyt PM, Oudijk MA, et al. Induction 

of labour at 41 weeks versus expectant management until 42 weeks (INDEX): Multicentre, 

randomised non-inferiority trial. BMJ. 2019;364.  

49.  Ciobanu A, Rouvali A, Syngelaki A, Akolekar R, Nicolaides KH. Prediction of small for 

gestational age neonates: screening by maternal factors, fetal biometry, and biomarkers at 35–37 

weeks’ gestation. Am J Obstet Gynecol [Internet]. 2019 May 1 [cited 2020 Feb 

22];220(5):486.e1-486.e11. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0002937819302571 

50.  Townsend R, Manji A, Allotey J, Heazell A, Jorgensen L, Magee L, et al. Can risk prediction 

models help us individualise stillbirth prevention? A systematic review and critical appraisal of 

published risk models. BJOG An Int J Obstet Gynaecol [Internet]. 2021 Jan 13 [cited 2021 Jan 

21];128(2):214–24. Available from: https://pubmed.ncbi.nlm.nih.gov/32894620/ 

51.  Carter J, Anumba D, Brigante L, Burden C, Draycott T, Gillespie S, et al. The Tommy’s Clinical 

Decision Tool, a device for reducing the clinical impact of placental dysfunction and preterm 

birth: protocol for a mixed-methods early implementation evaluation study. BMC Pregnancy 

Childbirth [Internet]. 2022 Dec 1 [cited 2022 Sep 23];22(1):1–14. Available from: 

https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-022-04867-w 

 

 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

Table Legends 

Table 1: Demographic and pregnancy characteristics before and after universal late third trimester 

ultrasound 

Table 2: Perinatal outcomes before and after universal late third trimester ultrasound 

Table 3: Small for gestation age and fetal growth restriction detection 

Table 4: Screening performance of universal late third trimester ultrasound 

Supplementary Figures and Tables Legends 

Figure S1 – OxGRIP Management of FGR >35 weeks flowchart 

Figure S2: Flowchart of study participants 

Figure S3: Trends in extended perinatal mortality, composite adverse perinatal outcome (CAP0 – 1), 

and expedited birth  

Table S1: Definitions of composite adverse perinatal outcomes and fetal growth restriction  

Table S2: Ultrasound examinations before and after universal late third trimester ultrasound 

Table S3: Secondary maternal outcomes before and after universal late third ultrasound: pregnancy interventions 
 

Appendix 1: Multiple imputations 

 14710528, ja, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.17395 by U

niversity O
f O

xford B
odleian L

ibraries, W
iley O

nline L
ibrary on [10/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



  

Table 1: Demographic and pregnancy characteristics before and after universal late third trimester 
ultrasound 

Variable Pre-OxGRIP 
n = 18636 

OxGRIP 
n = 18631 

P -value 

Maternal Age - years, median (IQR) 31.0 (27.0 – 35.0) 31.0 (28.0 – 35.0) 0.003 
Maternal Age (years, n (%))  

< 20 
20 – 34 
≥ 35 

 
440 (2.4) 

13311 (71.4) 
4885 (26.2) 

 
320 (1.7) 

13246 (71.1) 
5065 (27.2) 

< 0.0001 

Body mass index - kg/m2, median (IQR) 24.1 (21.5 - 27.8) 24.3 (21.6 – 28.1) 0.001 
 Body Mass Index - kg/m2, n (%)) 

Underweight (<18.5)          
Normal (18.5 - 24.9)  
Overweight (25.0 - 29.9)  
Obesity (≥ 30.0) 
Data Missing 

 
534 (2.9) 

9896 (53.1) 
4687 (25.1) 
2956 (15.9) 

560 (3.0) 

 
542 (2.9) 

9785 (52.5) 
4827 (25.9) 
3310 (17.8) 
167 (0.9) 

 
< 0.0001 

Ethnicity, n (%) 
White 
Black or African Descent 
Asian or Asian Descent 
Mixed or others 
Data Missing 

 
14773 (79.3) 

392 (2.1) 
1322 (7.1) 
497 (2.7) 

1652 (8.8) 

 
14844 (79.7) 

385 (2.1) 
1444 (7.7) 
609 (3.3) 
1349 (7.2) 

< 0.0001 

Parity, n (%) 
0 
1 
2 – 4 
≥ 5 

 
7982 (42.8) 
6988 (37.5) 
3506 (18.8) 

160 (0.9) 

 
8161 (43.8) 
6779 (36.4) 
3538 (19.0) 
153 (0.8) 

0.141 

Deprivation (IMD Quintile, n (%)) 
1 (Most deprived) 
2 
3 
4 
5 (Least deprived) 
Data Missing 

 
999 (5.4) 

1758 (9.4) 
3087 (16.6) 
5313 (28.5) 
7471 (40.1) 

8 (0.0) 

 
968 (5.2) 
1709 (9.2) 
3118 (16.7) 
5224 (28.0) 
7596 (40.8) 

16 (0.1) 

0.327 

  Smoking at any point in pregnancy, n (%) 
    Missing 

1899 (10.2) 
805 (4.3) 

1842 (9.9) 
274 (1.5) 

< 0.0001 

Current illicit substance use, n (%) 
     Missing 

63 (0.3) 
611 (3.3) 

126 (0.7) 
1015 (5.4) 

< 0.0001 

Assisted conception - In-vitro fertilisation, n (%) 312 (1.7) 329 (1.8) 0.496 
Any PIH or preeclampsia, n (% ) 932 (5.0) 905 (4.9) 0.522 

Maternal Hyperglycaemia, n (%) 
Type 1/ 2 diabetes 

     Gestational diabetes Mellitus 

 
93 (0.5) 
852 (4.6) 

 
85 (0.5) 

1086 (5.8) 

 
< 0.0001 

Place of birth, n (%) 
Consultant-led unit 
Midwifery-led Unit 
Home 

     Birth before arrival 

 
15076 (80.9) 
3087 (16.5) 

406 (2.2) 
67 (0.4) 

 
14264 (76.6) 
3818 (20.5) 
410 (2.2) 
139 (0.7) 

 
< 0.0001 

Gestational age at birth – weeks, median (IQR) 40.0 (39.1 – 40.9) 40.1 (39.1 – 41.0) <0.0001 
Sex of baby, n (%) 

Female 
Male 

     Missing/ not known 

 
9073 (48.7) 
9563 (51.3) 

0 (0.00) 

 
9089 (48.8) 
9541 (51.2) 

1 (0.0) 

 
0.595 
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Table 2: Perinatal outcomes before and after universal late third trimester ultrasound 

 

a Adjusted for time and covariates associated with both exposure and outcome at P < 0.1 

b Adjusted for time, gestational age at birth; and no effect modification by gestation age ≥ 41 weeks. 
c Composite adverse perinatal outcome (CAPO) 1 - Any of extended perinatal mortality or livebirth associated with hypoxic-iscahemic encephalopathy (HIE II or III) <72 hours after birth 
d Adjusted for time, gestational age at birth and maternal hyperglycaemia, and no effect modification by gestation age ≥ 41 weeks 
e Adjusted for time, maternal age at birth, body mass index, ethnicity, smoking, illicit substance use, and maternal hyperglycaemia  
f  Composite adverse perinatal outcome (CAPO 2) - Any of stillbirth, term livebirth associated with neonatal death, any HIE, use of inotropes, need for mechanical ventilation, severe cord acidosis (arteria   
pH < 7.0)7    
g Adjusted for time, maternal age at childbirth, body mass index, ethnicity, smoking at any point during pregnancy, current illicit substance use, maternal hyperglycaemia and gestational age at 
childbirth 
h Composite adverse perinatal outcome (CAPO 3) - Perinatal death, Apgar score <4 at five minutes, Impaired  consciousness (coma, stupor, or decreased response to pain), cord acidosis (arterial cord pH   
any seizures, assisted ventilation by endotracheal tube for more than 24 hours starting within 72 hours of birth, septicaemia confirmed by blood culture, necrotising enterocolitis confirmed by radiography, s  
or autopsy and any hypoxic-ischaemic encephalopathy8 
i Stillbirths [Pre-OxGRIP (n =25) vs OxGRIP (n =16)] and those without APGAR scores [pre-OxGRIP (n =671) vs OxGRIP (n = 440)] excluded 
 

Variable pre-OxGRIP 
events/number in group 

OxGRIP 
events/number in group 

Unadjusted Odds Ratio  
(95%  Confidence Intervals)  

Adjusted Odds Ratio  
(95%  Confidence Intervals) 

Primary Outcomes 
 

    

Extended perinatal mortality  
(n, per 1,000 total births) 
  

32/18636 (1.7/1000) 23/18631 (1.2/1000) 0.72 (0.42 – 1.23) 0.53 (0.18 – 1.56) a,b 

Composite adverse perinatal outcome -1(CAPO 1)  
(n, per 1000 total births) c 

54/18636 (2.9/1000) 36/18631 (1.9/1000) 0.67 (0.44 – 1.02) 0.71 (0.31 – 1.63) a,d 

Expedited birth - pre-labour caesarean section or induction  
(n, %) 

6564/18636 (35.2) 7026/18631 (37.7) 1.11 (1.07 – 1.16) 0.98 (0.90 – 1.07) a,e 

Secondary Outcomes 
 

    

Composite adverse perinatal outcome -2 (CAPO 2)  
(n, per 1000 total births) f 

172/18636 (9.2/1000) 163/18631 (8.7/1000) 0.95 (0.76 -1.17) 1.04 (0.66 – 1.63) g 

Composite adverse perinatal outcome -3 (CAPO 3)  
(n, per 1000 total births) h 

458/18636 (24.6/1000) 399/18631 (21.4/1000) 0.87 (0.76 - 0.99) 1.20 (0.90 – 1.59) g 

Stillbirth  
(n, per 1,000 total births)  

25/18636 (1.3/1000) 16/18631 (0.9/1000) 0.64 (0.34 – 1.20) 0.33 (0.08 – 1.28) g 

Perinatal death  
(n, per 1,000 total births)  

31/18636 (1.7/1000) 20/18631 (1.1/1000) 0.64 (0.37 – 1.13) 0.33 (0.10 – 1.14) g 

Apgar score <7 at 5 minutes  
(n, %) i 

194/17940 (1.1) 166/18175 (0.9) 0.84 (0.68 – 1.04) 0.90 (0.58 – 1.39) g 

Hypoxic Ischaemic Encephalopathy - ≥ Grade II  
(n, %) j 

27/18611 (0.2) 15/18615 (0.1) 0.56 (0.30 – 1.04) 0.92 (0.25 – 3.36) g 
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Table 3: Small for gestation age and fetal growth restriction detection  

 
a Adjusted for time maternal age at childbirth, body mass index, ethnicity, smoking at any point during pregnancy, current illicit substance use, maternal hyperglycaemia and gestational age at childbirth 
b Denominator is Birthweight < 10th centile (UK90)  
c Denominator is Birthweight < 3rd centile (UK90) 
d EFW using Hadlock formula for head circumference, abdominal circumference and femur length 
e Fetal growth restriction defined using Delphi criteria13 Abdominal circumference (AC) /estimated fetal weight (EFW) < 3rd centile or at least 2 out of the following:  
1)AC/EFW < 10th centile, 2) AC/EFW crossing centiles >2 quartiles on non-customized growth centiles,  
3) cerebroplacental ratio (CPR) < 5th centile or umbilical artery pulsatility index (UA-PI) > 95th centile 
 
 
 

Variable pre-OxGRIP 
events/number in group 

(% ) 

OxGRIP 
events/number in group 

(% ) 

 Unadjusted Odds  
(95%  Confidence 

Intervals)  

a Adjusted Odds Ratio 
(95%  Confidence 
Intervals)  

Birthweight < 10th centile b   1396/18636 (7.5) 1340/18631 (7.2) 0.96 (0.89 – 1.03) 0.96 (0.81 – 1.13) 

Birthweight < 3rd centile c 297/18636 (1.6) 264/18631 (1.4) 0.89 (0.75 – 1.05) 0.83 (0.59 – 1.18) 

Birthweight <10th centile detection using EFW <10th centile at ≥ 35+0 weeks 

b 
359/1396 (25.7) 421/1340 (31.4) 1.32(1.12 – 1.56) 1.52 (1.02 – 2.28) 

Birthweight <3rd centile detection using EFW <3rd centile at ≥ 35+0 weeks c 64/297 (21.5) 71/264 (26.9) 1.34 (0.91 – 1.97) 0.81 (0.28 – 2.37) 

Estimated fetal weight (EFW) <10th centile at ≥35+0 (per scan performed) c 705/6605 (10.7) 762/18459 (4.1) 0.36 (0.32 – 0.40) 0.50 (0.40 -0.63) 

Estimated fetal weight (EFW) <10th centile at ≥35+0 (% of all pregnancies) d 705/18636 (3.8) 762/18631 (4.1) 1.08 (0.98 – 1.20) 1.31 (1.05 – 1.64) 

Estimated fetal weight (EFW) <3rd centile at ≥35+0 (per scan performed) d 201/6605 (3.0) 225/18459 (1.2) 0.39 (0.32 – 0.48) 0.38 (0.25 – 0.57) 

Estimated fetal weight (EFW) <3rd centile at ≥35+0 (% of all pregnancies) d 201/18631 (1.1) 225/18631(1.2) 1.12 (0.93 – 1.36) 0.88 (0.58 – 1.33) 

Fetal growth restriction (per pregnancy scanned) e 299/6605 (4.5) 408/18459 (2.2) 0.48 (0.41 – 0.55) 0.49 (0.35 – 0.67) 

Fetal growth restriction (% of all pregnancies) e 299/18636 (1.6) 408/18631 (2.2) 1.37 (1.18 – 1.60) 1.19 (0.86 – 1.64) 
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Table 4: Screening performance of universal late third trimester ultrasound 

Variable Accuracy Test Universal Scan Group 

Birthweight <10th 
centile detection 
using study screen 
positive criteria at 
≥ 35+0 weeks a,b 

Sensitivity (%) 40.5 (37.9 – 43.2) 
Specificity (%) 93.6 (93.3 – 94.0) 
Positive predictive value (%) 33.0 (30.8 – 35.4) 
Negative predictive value (%) 95.3 (95.0 – 95.6) 
Positive likelihood ratio 6.4 (5.8 – 7.0) 
Negative likelihood ratio 0.635 (0.608 – 0.664) 
Area under the receiver operating 
characteristics curve 

0.671 (0.658 – 0.684) 

Birthweight <3rd 
centile detection 
using study ‘screen 
positive’ criteria at 
≥ 35+0 weeks a.c 

Sensitivity (%) 57.2 (51.0 – 63.2) 
Specificity (%) 91.9 (91.5 – 92.3) 
Positive predictive value (%) 9.2 (7.8 – 10.7) 
Negative predictive value (%) 99.3 (99.2 – 99.5) 
Positive likelihood ratio  7.0 (6.3 – 7.9) 
Negative likelihood ratio  0.466 (0.405 – 0.536) 
Area under the receiver operating 
characteristics curve 

0.745 (0.715 – 0.775) 

a ‘screen positive’ criteria refers to any of  EFW <10th centile, UmbA PI >95th centile, cerebro-placental ratio <1.1, or a >40 
centile points abdominal circumference deceleration compared to the 20-week scan   
b Denominator is Birthweight < 10th centile (UK90)  
c Denominator is Birthweight < 3rd centile (UK90) 
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