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Abstract

Objective: To assess the effect of serial growth scans and optimised fetal weight limits on the risk of stillbirth in low and high-

risk maternity populations. Design: Retrospective cohort study Setting: United Kingdom 2015-2020 Population: 1,572,817

singleton pregnancies cared for in maternity units that have implemented the Growth Assessment Protocol (GAP). Methods:

Analysis of fully anonymised, prospectively recorded core data from 132 National Health Service institutions. Stillbirth rate

and relative risk was assessed according to risk status assigned at booking. We constructed receiver operator curves (ROC) and

determined area under the curve (AUC) and optimal centile points using Youden’s Index. Main Outcome: Rate of stillbirth

from 24 weeks gestation. Results: The overall cohort included 6569 stillbirths (rate per thousand: 4.18). The rate was higher

in pregnancies that had been designated high risk (6.23) than low risk (3.61; RR 1.7, CI 1.6-1.8). High risk pregnancies that

did not receive monitoring by serial ultrasound had a stillbirth rate that was more than twice as high than those that did get

serial scans as per protocol (11.94 vs 5.64). The optimal centile point for predicting stillbirth was 11.3 for the overall cohort

(sensitivity 36.8, specificity 84.1 and AUC 62.3%), 15.2 for low risk pregnancies (sensitivity 35.1, specificity 84.6, AUC 61.3%)

and 2.7 for high risk pregnancies (sensitivity 34.2, specificity 88.9, AUC 61.2% ). Conclusions: Serial third trimester growth

scans can halve stillbirth risk in pregnancies designated high risk. Optimal fetal size limits for antenatal surveillance are specific

to the risk status of pregnancy.

Tweetable abstract: Serial growth scans in high risk pregnancies reduce the risk of stillbirth by half

Keywords: Fetal growth; fetal weight; birthweight; small for gestational age; stillbirth risk

Introduction

Fetal growth restriction is associated with stillbirth and other adverse perinatal outcomes 1. Antenatal
surveillance of fetal growth is based principally on serial assessment of fundal height, and in high risk
pregnancy on serial biometry of fetal size, often defined by estimated fetal weight (EFW) 2. The small for
gestational age (SGA) fetus represents a significantly increased stillbirth risk 3 and its identification serves
as a prompt for further investigations including various Doppler indices at different stages in pregnancy,
which are less effective when the fetus is not SGA 4. At birth, SGA is associated with hypoglycaemia and
perinatal morbidity.

The conventional definition for SGA has been the 10thcentile for over 50 years 5. Other limits have since
been proposed and in general, lower cut-offs such as the 3rd and 5th centiles have been found to have a
stronger association with adverse outcome6,7. A fetus with an EFW <3rd centile is more likely to be growth
restricted and should be considered for early delivery8 9. However cases above this limit but still below the
10th centile, when defined by customised centiles to exclude constitutional smallness, are also at increased
risk 10,11 .

We wanted to investigate limits for fetal growth surveillance, with stillbirth as outcome in low and high-risk
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. pregnancy. The optimal centile cut-off is a compromise between two competing objectives: first, increasing
sensitivity – to identify as many cases with adverse outcomes as possible; and second, increasing speci-
ficity – to reduce the number of false positives. The optimal point also depends on the standard used to
determine the centile and the population being screened. We used the RCOG-recommended 4 customised
standard which adjusts for constitutional variation to determine the individual growth potential 12 and bet-
ter predicts adverse outcome than population based standards13,14,15,16 while reducing false positives17. We
undertook the analysis in low vs high risk populations according to early pregnancy assessment, as defined
by RCOG4 and NHSE guidelines 8, and as implemented with the Growth Assessment Protocol (GAP)18 in
most maternity units in the UK.

Methods

Data

The dataset was derived from pregnancies managed in the UK national GAP programme which was running
during the study period in a total of 132 NHS Trusts, Health Boards or Health and Social Care Trusts in
England, Wales, Scotland and Northern Ireland. Information was entered into the GROW App software
(version 1.2.6.1, www.gestation.net) which produces customised growth charts and birthweight centiles ad-
justed for each pregnancy according to early pregnancy maternal weight, height, parity and ethnic origin 12.
Also recorded was whether the pregnancy was considered at increased risk of growth restriction on the basis
of obstetric or medical history and risk factors such as smoking or high body mass index, and whether serial
third trimester ultrasound biometry was instituted according to protocol. The number of growth scans was
not collected in the database but, according to routine audits within the programme, usually consisted of 3
to 4 third trimester scans from 28 weeks to delivery. Pregnancies were dated according to the routine 1st

trimester ultrasound scan. Outcomes recorded after delivery included birthweight, sex and gestational age
at delivery, and whether live birth or stillbirth. Stillbirth was defined as a baby born with no signs of life
from 24.0 weeks gestation. Gestational age for stillbirths was based on the age at delivery minus 2 days to
adjust for the average delay in third trimester between intrauterine demise and delivery 19.

There were 1,641,897 singleton pregnancies delivered> 24.0 weeks gestation between January 2015 and
January 2020. After excluding late fetal losses (725) and cases with missing or incomplete data (68,355), the
final study cohort consisted of 1,572,817 pregnancies. All data were fully anonymised including institution
of origin, date of birth and all other maternal, new-born and pregnancy-related identifiers, and hence ethics
approval was not required.

Statistical Methods To assess the association between customised GROW centiles and stillbirth, we developed
receiver operator curves (ROCs) according to standard methodology20 on the overall cohort as well as the
low and high risk subgroups. Risk status was recorded in 1,308,967 (83%) of the cases, with the remainder
missing mostly because the detailed data items were not contained in the version of the local electronic
system in use during the study period.

Analyses were carried out using SAS software (version 9.4, SAS Institute, NC, USA). Optimal centile cut-offs
were determined by balancing sensitivity and specificity using Youden’s index21, and model performance was
assessed according to area under the curve (AUC) analysis. Differences between pregnancy characteristics
were determined using the Kruskal Wallis test for continuous variables and a Z Test between proportions.
Outcome between groups was compared using relative risk (RR) with 95% confidence interval (CI).

Results

Characteristics of the cohort

Table 1 describes the study cohort of 1,572,817 births, of which 6,569 were stillborn (rate 4.18/1000).

Of the 1,308,967 cases where the results of early pregnancy risk assessment were recorded, 990,199 were
designated low risk and had a stillbirth rate (per thousand) of 3.61 (Table 2). Cases where risk status was
not recorded had a similar stillbirth rate (3.82, P=0.11).
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. Serial scans and stillbirth risk

The 318,768 (24.4%) pregnancies that were recorded as high risk had a shorter median length of pregnancy
(273 vs 279 days, p <0.01) and a 70% higher rate of stillbirth compared to pregnancies designated low risk
(Table 2). In this high-risk group, 289,285 pregnancies (90.8%) were monitored with serial scans according
to protocol, and had a stillbirth rate of 5.64 (RR compared to low risk: 1.6, CI 1.5-1.7). Pregnancies which
did not receive serial scans had a stillbirth rate that was more than twice as high as those that did have
serial scans: 11.94 (RR compared to low risk: 3.3, CI 3.0-3.7).

ROC curves to determine optimal points

The ROC curves for the overall and low and high risk cohorts are shown in Figures 1-3 and their respective
area under the curve (AUC) and diagnostic accuracy is summarised in Table 3. The overall cohort had an
AUC of 62.3% with optimal centile 11.3, with a sensitivity of 36.8% and specificity of 84.1% for detection
of stillbirth. For the low-risk cohort, the AUC was 61.3% with optimal point 15.2, sensitivity 35.1% and
specificity 84.6%, while for the high risk cohort the AUC was 61.2%, optimal centile point 2.7, sensitivity
34.2% and specificity 88.9% (Table 3). With false positive rate fixed at 10% i.e. specificity 90%, the
sensitivity was - overall cohort: 30.2% (cut-off point 6.6), low risk: 29.1% (10.1) and high risk 33.0% (2.3).

Discussion

Main findings

This is to our knowledge the first determination of the best performing customised fetal weight limits for the
prediction of stillbirth. Previously we calculated ROC curves for customised fetal weight centiles in a smaller
Dutch cohort 22 with adverse outcomes defined as operative delivery or admission to neonatal intensive care.
Here, we were able to use a large database from a national programme to analyse stillbirth as a rarer, harder
outcome measure in different risk groups.

While the actual AUCs were relatively modest, ranging from 61.2% to 62.3%, this is not surprising as
restricted growth leading to SGA is not the only factor associated with, or causal for, stillbirth23. It is
consistent with AUC values reported recently from datasets with similar amounts of information available
at booking.24

Strengths and limitations

The strengths of our study include the use of a large database derived from routine, prospective data entry
in a national programme, and the application of a customised standard which adjusts for constitutional
variation and thereby better reflects the fetus’ growth potential25 . In a proportion of cases the early
pregnancy risk assessment was not recorded, as the data field was not contained in the electronic maternity
record. However, the similar stillbirth rate in this ‘missing’ group suggests that this did not introduce a
systematic bias.

We had no ultrasound measurements recorded in this database and therefore the trajectory of growth, ex-
pressed as velocity or growth rate, could not be calculated. While serial scans can provide useful information
about growth rate 26, it has also been argued that it adds little to the effectiveness of the last scan to predict
adverse outcome 27–30. The use of birthweight-based centiles could be considered a weakness of the study,
as the objective was to predict risk of stillbirth based on fetal rather than neonatal weight. However, it can
also be considered a strength, as 1. it allowed comparison between subgroups (the low risk group having had
no clinical indication to undergo ultrasound investigations); 2. There was no need to adjust case by case for
the respective scan-to-delivery interval; and 3. it is appropriate to infer fetal weight from newborn weight
as gold standard, as estimated fetal weight is prone to systematic and random measurement error31. It was
possible to apply this method as the customised GROW chart provides the same, contiguous standard for
fetal and neonatal weight.

Interpretation

3
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. The results of our analyses have immediate clinical utility for antenatal surveillance of fetal growth. Firstly,
the 11th centile as a threshold for the whole population, regardless of risk assessment, confirms that the
conventional 10th centile for SGA remains a useful general standard. The 15th centile as best cut-off to
assess stillbirth risk in a low risk population (Figure 2) is a new finding and may be a useful limit for
fundal height measurements but requires further investigation. A similar cut-off has been proposed for the
assessment of risk of neonatal death 32.

Secondly, the observed optimal threshold of the 2.7thcentile in high risk pregnancies would confirm the
3rdcentile line as an appropriate cut-off to indicate the presence of fetal growth restriction, as proposed in
the NHS England guidelines33 and the new GAP care pathway 34. The recommendation is that a fetus with
a weight below 3rd centile should be considered for delivery by 37 weeks, regardless of the results of umbilical
artery Doppler investigation because of its limited effectiveness for the assessment of growth status late in
third trimester 9. Fetuses with a weight between the 3rd and 10thcentile are also at risk, but delivery can be
delayed until 39 weeks if Doppler indices more suitable for assessment at term (uterine artery and middle
cerebral artery) remain normal. 9,33,34

Conclusion

Our study highlighted the importance of early pregnancy assessment of stillbirth risk and adherence to a
growth surveillance protocol in high risk pregnancies. The risk of stillbirth can be halved by serial scanning
during the third trimester. Appropriate cut-off points for fetal weight assessment vary according to risk
status, ranging from 15th centile in low risk to 3rdcentile in high risk pregnancies.
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Figure 1: ROC for entire cohort (n= 1,572,817; Optimal point 11.3; AUC 62.3)

Figure 2: ROC for low risk group (n= 990,199; Optimal point 15.2; AUC 61.3)

Figure 3: ROC for high risk group (n= 318,768; Optimal point 2.7; AUC 61.2)

Table 1 – Characteristics of study cohort (n=1,572,817)

Mean SD Median IQR

Maternal Height (cm) 164.3 6.6 164.0 160.0 - 169.0
Maternal Weight (kg) 71.4 16.9 68.0 60.0 - 80.0
Body Mass Index (kg/m²) 26.5 5.9 25.2 22.2 - 29.4

n %
Parity
0 658,800 41.9
1 544,685 34.6
2 226,028 14.4
3+ 143,304 9.1
BMI > 35 kg/m² 144,035 9.2
Ethnicity
British European 1,110,717 70.6
East European 100,589 6.4
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. Mean SD Median IQR

Other European 36,953 2.3
South Asian 136,634 8.7
Other Asian 34,586 2.2
African 45,897 2.9
Mixed 15,007 1.0
Other 92,434 5.9
Preterm (<37 weeks) 101,336 6.4
(<34 weeks) 23,253 1.5
Stillbirth 6569 4.18 /1000

Mean SD Median IQR
Gestation (days) 275.8 12.9 277 270 - 284
Birthweight (grams) 3352 565 3375 3025 - 3720
Customised Centile 45.2 29.7 42.6 18.8 - 70.3

Table 2 – Pregnancy outcome according to risk status (n=1,572,817)

Births Births Gestation Gestation Stillbirths Stillbirths
N % Median (days) % <37 weeks n /1000 RR 95% CI

Low Risk 990,199 75.6 279.0 4.4 3,575 3.61 1.0 -
High Risk 318,768 24.4 273.0 12.6 1,985 6.23 1.7 1.6 - 1.8
- with serial scans 289,285 90.8 273.0 12.5 1,633 5.64 1.6 1.5 - 1.7
- without serial scans 29,483 9.2 274.0 13.4 352 11.94 3.3 3.0 - 3.7
Total Recorded 1,308,967 100.0 277.0 6.4 5,560 4.25
Not recorded 263,850 16.8 278.0 6.6 1009 3.82

RR, Relative Risk; CI, Confidence Interval

Table 3 – Result of ROC analysis (n=1,308,967 with risk status recorded)

Optimal centile Proportion (%) below cut off Proportion (%) below cut off AUC % Sensitivity % Sensitivity % Specificity % Specificity % PPV % PPV % NPV % NPV % Relative Risk Relative Risk 95% CI 95% CI
Overall cohort 11.3 16.0 62.3 62.3 62.3 36.8 36.8 84.1 84.1 1.0 1.0 99.7 99.7 3.1 3.1 2.9 - 3.2
Low Risk 15.2 15.5 61.3 61.3 61.3 35.1 35.1 84.6 84.6 0.8 0.8 99.7 99.7 2.9 2.9 2.8 - 3.2
High Risk 2.7 11.2 61.2 61.2 61.2 34.2 34.2 88.9 88.9 1.9 1.9 99.5 99.5 4.1 4.1 3.7 - 4.5

ROC, Receiver Operator Curve; AUC, Area Under Curve; CI, Confidence Interval; PPV, Positive Predictive Value; NPV, Negative Predictive Value. Values calculated according to respective cut-off point (optimal centile)
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