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ABSTRACT
Objective: Evidence on the performance of foetal growth ultrasound parameters to detect the Small-for-Gestational-Age 
(SGA) foetus for a selective cohort is limited. We report the performance of estimated foetal weight under the 10th percentile 
(EFW < 10th) at the last selective screening ultrasound to detect SGA based on gestational age of scan and scan to birth interval.
Design: We performed a prospective cohort study to analyse ultrasound data obtained from the DESiGN trial.
Setting: The DESiGN trial was the first cluster randomised controlled trial to evaluate the impact of the Growth Assessment 
Protocol (GAP) on antenatal detection of SGA.
Population: Ninety-four thousand, nine hundred twenty-five women included in DESiGN who had at least 1 ultrasound scan 
after 24 weeks' gestational age with complete ultrasound data underwent analysis.
Methods: Test performance characteristics of EFW (by Hadlock 1991) < 10th percentile to predict birthweight < 10th percentile 
(by 1990 UK Population Charts) were reported at different gestational ages of scan categories and scan to birth intervals.
Results: The performance of EFW < 10th percentile at the last selective screening ultrasound to correctly identify SGA declined 
from 34 weeks and with increasing scan to birth intervals. A scan between 34 and 37 + 6 weeks' gestation more than 4 weeks prior 
to birth had a particularly poor performance (sensitivity 4.0%, 95% CI 3.8–4.1).
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Conclusions: In a selected population, the performance of late third-trimester ultrasound estimation of foetal size to detect SGA 
at birth is poor.

1   |   Introduction

There are two current approaches to antenatal screening for 
the Small-For-Gestational-Age (SGA) foetus with the primary 
aim of stillbirth reduction [1–7]. Selective screening is based on 
antenatal risk-stratification which justifies serial ultrasound 
estimation of foetal size [8, 9]. Universal screening involves 
routine third-trimester ultrasound independent of risk-status. 
In both strategies, additional screening scans are performed 
if clinical concerns develop (e.g., small fundal height, reduced 
foetal movement or a new diagnosis of preeclampsia). SGA de-
tection increases with routine third-trimester ultrasound for 
unselected women but an increase in false positive results has 
been described [10]. Recent evidence has shown that this co-
hort remains at higher risk of stillbirth than those correctly pre-
dicted to be appropriately grown [3]. Nevertheless, action upon 
false positive results can lead to unnecessary intervention and 
potential harm [11–13]. The clinical and economic value of rou-
tine third-trimester ultrasound is contentious and access lim-
ited across some settings [14]. Consequently, most guidelines 
recommend selective screening for SGA at present [15–20].

Foetal growth assessment and risk of stillbirth for the SGA 
foetus is largely reliant upon the predictive accuracy of biomet-
ric parameters that are measured at serial growth ultrasound. 
Factors that impact screening performance such as gestational 
age at scan and scan to birth interval must be considered when 
ultrasound estimation of foetal size is used to inform clinical 
management and prompt closer surveillance. Understanding 
the performance of estimated foetal weight under the 10th per-
centile (EFW < 10th) at the last selective screening ultrasound to 
predict SGA helps reduce the risk of perinatal mortality without 
added neonatal morbidity associated with false positive results 
and the timing of iatrogenic birth [2–4].

Evidence on the performance of EFW < 10th to detect SGA is pri-
marily confined to studies that implement universal screening 
programmes [21]. Data on the performance of EFW < 10th to pre-
dict SGA from a large multicentre selective screening programme 
is lacking. The aim of this study is to determine the performance 
of EFW < 10th at the last selective screening ultrasound to detect 
SGA across gestational age of scan and scan to birth interval. We 
will examine and interpret performance trends to inform clinical 
management particularly in birth suite and define where research 
should focus to improve current methods of SGA detection when 
applied to a selective screening programme.

2   |   Methods

2.1   |   Study Design

This was a prospective cohort study which adhered to STROBE 
guidelines. Analyses were performed using clinical and ultra-
sound data obtained during the DESiGN trial which was the 
first cluster randomised control trial to evaluate the impact of 

the Growth Assessment Protocol (GAP) on antenatal detection of 
SGA [22]. The DESiGN trial recruited women from 13 maternity 
units in England and all women who gave birth in maternity units 
during the trial period between November 2016 and February 2019 
were included. Women with multiple pregnancy, antenatally de-
tected major foetal anomalies and births before 24 + 1 weeks' ges-
tation were excluded. Ethical approval for this trial was obtained 
from the Health Research Authority (HRA) through the London 
Bloomsbury Research Ethics Committee (Ref. 15/LO/1632) and 
the Confidentiality Advisory Group (Ref. 15/CAG/0195).

2.2   |   Outcomes

The outcome reported was SGA at birth as defined by birth-
weight under the 10th percentile by UK population standards 
[23] to remain consistent with the DESiGN trial and the loca-
tion of its study sites. We reported the outcome at different ges-
tational age of scan categories and within different scan to birth 
intervals within 2, 3, 4 and beyond 4 weeks.

Clinical comparisons were performed between those who had 
at least 1 selective screening ultrasound from those that did 
not to differentiate the population that underwent statistical 
analysis. Characteristics that were observed and reported in-
cluded: age at estimated conception, ethnicity (White, Black, 
Asian, Mixed, Other), Index of multiple deprivation (IMD 
Class 1–5), body mass index (BMI < 18, 18–25, 25–30, 30–35, 
35–40, > 40), parity (0, 1+), smoking in pregnancy, pre-existing 
comorbidities (hypertension, diabetes mellitus) and antenatal 
complications (gestational diabetes mellitus, pre-eclampsia, 
eclampsia, gestational hypertension). Maternal outcomes of 
these two groups that were reported included onset of labour 
(spontaneous, induction, prelabour caesarean) and mode of 
birth (unassisted vaginal, instrumental birth, vaginal breech, 
emergency caesarean section). Perinatal outcomes that were 
reported included: gestational age at birth, preterm deliv-
ery, birthweight with corresponding percentiles defined by 
1990 UK population charts  [23], SGA at birth by population 
chart [23], Apgar scores < 7 at 5 min, admission to a neonatal 
unit, minor neonatal morbidity (which included hypothermia, 
hypoglycaemia or nasogastric feeding requirements), major 
neonatal morbidity (which included any neonatal brain injury 
such as intraventricular haemorrhage or hypoxic ischaemic 
encephalopathy, supplementary oxygen requirements beyond 
28 days post-partum, necrotising enterocolitis, sepsis or reti-
nopathy of prematurity) and stillbirth.

2.3   |   Exposures

The performance of EFW < 10th percentile (as measured by the 
Hadlock 1991 formula using head circumference, femur length 
and abdominal circumference [24]) at the last selective screen-
ing ultrasound was reported to reflect current practice and a 
commonly accepted foetal growth standard. The last selective 
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screening ultrasound was defined in this study as the last ultra-
sound performed at or after 24 + 1 weeks of gestational age with 
complete foetal biometric data provided.

We also repeated the analysis when the 3rd percentile was 
used as the EFW threshold to suspect foetal growth restric-
tion (FGR) and provided supplementary evidence on the per-
formance of EFW < 10th percentile and abnormal umbilical 
artery Doppler parameters (defined as any of: pulsatility index 
> 95%, intermittent absent, absent or reversed end-diastolic 
flow) at the last selective screening ultrasound to predict SGA 
at birth.

2.4   |   Statistical Analysis

Clinical characteristics and birth outcomes were reported 
using summary statistics and comparisons between groups 
with and without selective screening ultrasound were per-
formed using Chi-square and Mann–Whitney tests as appro-
priate. Complete data analysis was performed using StataMP 
17 on women in the DESiGN cohort who had at least 1 selec-
tive screening ultrasound after 24 weeks' gestational age with 
complete data for EFW, gestational age at birth and birth-
weight. Complete ultrasound data to enable test performance 
analysis was available from 12 of the 13 sites in the DESiGN 
trial which means that for the purpose of this analysis, only 
data from these sites were used. Multiple imputation and in-
verse probability weighting were not performed because the 
reason for missingness could not be deduced from the primary 
dataset. Funnel plots were also produced as Tables S6–S7 to 
inform the degree of heterogeneity in test performance be-
tween different sites.

The cohort was stratified into categories by different gestational 
age at last scan centred upon the mode for highest ultrasound ac-
tivity which was observed by frequency histogram (Figure S1). 
Event rates (where event of SGA was defined by birthweight 
under the 10th percentile for population charts) were reported 
for each gestational age at last scan category. Area-under-the-
curve (AUC) calculations were reported for each gestational 
age category to reflect the performance of EFW to predict SGA, 
and partial area-under-the-curves (pAUC) were reported for 
each gestational category to correspond to the predictive perfor-
mance of the EFW < 10th percentile. Calculation of partial AUC 
was deliberately performed to restrict test performance analysis 
to the range of percentiles beneath a fixed threshold consistently 
used in clinical settings.

Sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) were reported with 95% con-
fidence intervals to reflect overall test performance of the 
EFW < 10th at the last scan to predict SGA at birth. These 
measures of test performance were reported by gestational age 
categories and scan to birth intervals as described above. All 
performance measures were reported to inform the precision 
and overall effectiveness of the screening test to delineate true 
positive, true negative, false positive and false negative cases. 
Positive and negative likelihood ratios were also reported as 
Supporting Information to provide an alternative measure of 
performance.

3   |   Results

There were 201 209 pregnancies included in the DESiGN trial 
after exclusion of women with multiple pregnancy or antena-
tally detected foetal anomaly (n = 8105). Over half (n = 118 015) 
of the women who met the DESiGN inclusion criteria had at least 
one ultrasound after 24 weeks' gestation. Complete data analysis 
was performed on 94 925 women who had an ultrasound after 
24 weeks after those with missing data on SGA detection in both 
the intervention and non-intervention arm of the DESiGN trial 
were excluded (n = 23 090) where missing data on SGA detection 
included EFW at last scan (99% of missing scan data) and ges-
tational age at birth and birthweight (1% of missing scan data) 
(Figure 1).

Women who had a selective screening ultrasound were more 
likely older than 35 than those who did not have a scan, more 
likely from both least (Class 1 IMD 12.85 vs. 11.3%) and most 
deprived backgrounds (Class 5 IMD 21.9% vs. 20.2%), of white 
ethnicity (52.0% vs. 47.8%), to be multiparous (45.7% vs. 41.8%) 
and to smoke in pregnancy (5.5% vs. 4.3%). They were also more 
likely to be underweight (BMI < 18 kg/m2 2.7% vs. 1.5%) or over-
weight or with obesity (BMI 30–35 kg/m2 10.7% vs. 7.9%, BMI 
35–40 kg/m2 4.5% vs. 1.7%, BMI > 40 kg/m2 2.1% vs. 0.5%), and 
have pre-existing (hypertension 1.4% v 0.8%, diabetes 1.8% vs. 
0.8%), other antenatal (gestational diabetes 6.8% vs. 1.3%, hyper-
tensive disorders of pregnancy 2.8% vs. 1.6%) comorbidities, to 
have labour induced (29.1% vs. 20.4%) or have caesarean birth 
(prelabour 19.3% vs. 11.4%, emergency 16.7% vs. 15.0%). Women 
who had a selective screening ultrasound gave birth to newborn 
infants with a lower birthweight (3315 g vs. 3400 g) and who 
were more commonly SGA (10.1% vs. 7.2%). Rates of preterm 
birth (6.4% vs. 4.9%), admission to a neonatal unit (13.3% vs. 
9.2%) and neonatal morbidity (major morbidity 6.5% vs. 5.2%, 
minor morbidity 3.9% vs. 2.7%) were all higher amongst women 
who had a selective screening ultrasound. However, stillbirth 
was less common for women who had a selective screening ul-
trasound (0.3% vs. 1.0%) (Table 1).

Amongst women who had at least one selective screening ultra-
sound after 24 weeks, the prevalence of SGA was between 8.6% 
and 10.4%. However, for those who had their last scan between 
38 and 41 + 6, it increased to 14.3% (Table  S1). For each gesta-
tional age category, the rate of SGA increased with widening scan 
to birth intervals. Lower rates of birth within 4 weeks were ob-
served when the scan was performed before 34 weeks. However, 
the rates of SGA amongst these births were higher compared 
to births from women who had their last scan after 34 weeks 
(Table S2).

The value of EFW at the last scan to predict SGA at birth as rep-
resented by AUC increased with gestational age of scan, but the 
value of the EFW < 10th threshold to predict SGA at birth as rep-
resented by partial AUC was comparable across gestational age 
(Table  S1). Using EFW < 10th to correctly identify SGA, sensi-
tivity largely decreased with increasing gestational age (Table 2). 
For most gestational age categories, a small reduction in sensitiv-
ities was observed across scan to birth intervals within 4 weeks. 
However, a greater decline in sensitivities across widening scan to 
birth intervals within 4 weeks was observed when the last scan was 
performed between 34 + 0 and 37 + 6 weeks when compared with 
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FIGURE 1    |    Population Flow Diagram. *Exclusions are not mutually exclusive.
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TABLE 1    |    A comparison of those who have a clinically indicated foetal growth scan with those who do not.

Characteristic and Outcome
No Scans  

83 194/201209 (41.3%)
1 or more indicated scans 

118 015/201209 (58.7%) p

Maternal Age (Cont.) 31.4 (27.5–34.8) 32.2 (28.2–35.8) < 0.01

Maternal Age (Cat.)

< 20 1527 (2.2%) 2763 (2.5%) < 0.01

20–24 8211 (11.8%) 11 401 (10.2%)

25–34 43 536 (62.4%) 64 081 (57.2%)

35–39 14 408 (20.6%) 26 351 (23.5%)

< 40 2091 (3.0%) 7387 (6.6%)

IMD

Class 1 (least deprived) 9342 (11.4%) 15 071 (12.9%) < 0.01

Class 2 10 452 (12.7%) 14 732 (12.6%)

Class 3 18 295 (22.3%) 24 703 (20.6%)

Class 4 27 303 (33.2%) 37 235 (31.8%)

Class 5 (most deprived) 16 800 (20.4%) 25 807 (22.1%)

Ethnicity

White 39 745 (53.2%) 61 322 (56.1%) < 0.01

Black 10 106 (13.5%) 15 010 (13.7%)

Asian 15 592 (20.9%) 21 689 (10.8%)

Mixed 1126 (1.5%) 2306 (2.1%)

Other 8095 (10.8%) 9063 (8.3%)

BMI (Cat.)

1 (BMI < 18) 1217 (2.0%) 3221 (3.3%) < 0.01

2 (18–25) 34 081 (54.9%) 46 347 (47.7%)

3 (25–30) 18 335 (29.6%) 27 132 (28.0%)

4 (30–35) 6583 (10.6%) 12 585 (13.0%)

5 (35–40) 1406 (2.3%) 5266 (5.4%)

6 (> 40) 417 (0.7%) 2534 (2.6%)

Parity

0 36 155 (51.0%) 51 575 (48.9%) < 0.01

1+ 34 746 (49.0%) 53 929 (51.1%)

Smoking in pregnancy 3593 (4.3%) 6468 (5.5%) < 0.01

Comorbidities

Pre-existing HTN 688 (0.8%) 1597 (1.4%) < 0.01

Pre-existing Diabetes 642 (0.8%) 2132 (1.8%)

Gestational Diabetes 1042 (1.3%) 8044 (6.8%)

HTN Dx of Pregnancy 1304 (1.6%) 3288 (2.8%)

Onset of Labour

Spontaneous 54 789 (67.4%) 58 321 (50.5%) < 0.01

(Continues)
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other gestational age categories. At scan to birth intervals beyond 
4 weeks, sensitivities for detecting SGA were much lower, at or 
below 22%, regardless of gestational age. When using EFW < 10th 
percentile to predict SGA at birth, specificity remained above 90% 
across all scan to birth intervals and gestational age categories 
(Table 2).

The positive predictive value of EFW < 10th percentile was be-
tween 55% and 74% across gestational age categories and scan to 
birth intervals within 4 weeks (Table 3). The negative predictive 
value of EFW < 10th minimally decreased with gestational age 
categories and widening scan to birth intervals within 4 weeks, 
but remained consistently above 90% (Table 3). When abnormal 
umbilical artery Doppler indices were added to EFW < 10th to 
predict SGA, sensitivity was poor and declined from 34 weeks' 
gestation across all scan to birth intervals, but specificity was 
stable and consistently above 98% (Table  S3). When the 3rd 
percentile was used instead of the 10th percentile as the EFW 
threshold to antenatally suspect FGR, most patterns recurred 
but the absolute values differed. Notably, both PPV and sensi-
tivity declined more sharply towards term (Table  S4). For all 
exposures performed on the study cohort, selective screening 
ultrasound performed within 4 weeks of birth up until term ges-
tation had strong rule-in capacity and moderate rule-out capac-
ity for SGA (Table S5).

4   |   Discussion

4.1   |   Main Findings

We observed women from a selective screening programme 
who had ultrasound estimation of foetal size beyond 24 weeks 
were more likely associated with SGA and adverse outcomes 
than those who did not, consistent with high-risk status. The 
sensitivity and specificity of EFW < 10th to predict SGA de-
clined when the last scan was performed closer to term. The 
sensitivity of EFW < 10th to predict SGA also deteriorated 
at increasing scan to birth intervals, particularly when ul-
trasound was performed between 34 and 37 + 6 and at scan 
to birth intervals beyond 4 weeks. The addition of abnormal 
umbilical Doppler indices maintained the rate of false posi-
tives but increased the rate of false negatives. The same per-
formance limitations were observed when using EFW < 3rd to 
screen for FGR.

4.2   |   Comparison to Previous Literature

The universal screening performance of routine third-trimester 
ultrasound to detect SGA improves with gestational age [21]. 
Our analysis relevant to the performance of selective screening 

Characteristic and Outcome
No Scans  

83 194/201209 (41.3%)
1 or more indicated scans 

118 015/201209 (58.7%) p

Induction 16 970 (20.9%) 34 365 (29.8%)

Prelabour Caesarean 9482 (11.7%) 22 796 (19.7%)

Mode of Birth

Unassisted Vaginal 50 134 (61.0%) 61 905 (53.1%) < 0.01

Instrumental Birth 12 179 (14.8%) 16 489 (14.1%)

Vaginal Breech 334 (0.4%) 251 (0.2%)

Emergency Caesarean 12 450 (15.2%) 19 728 (15.6%)

Neonatal Outcomes

Gestational age at birth 40.0 (39.0–40.7) 39.6 (38.6–40.4) < 0.01

Preterm birth 4090 (4.9%) 7507 (6.4%)

BW (g) 3400 (3080–3700) 3315 (2984–3650)

BW % 47.1 (26.2–69.6) 44.3 (22.7–68.7)

SGA (BW < 10th %) 5996 (7.7%) 11 926 (10.1%)

APGAR < 7 at 5 mins 1868 (2.3%) 1938 (1.6%)

Admission to NU 7662 (9.2%) 15 736 (13.3%)

Major NNM 4297 (5.2%) 7699 (6.5%)

Minor NNM 2225 (2.7%) 4661 (4.0%)

Stillbirth 801 (1.0%) 367 (0.3%)

Note: Missing data (missing variable, % of cohort without US vs % cohort with US)—IMD 1.2% vs. 0.9%, ethnicity 10.3% vs. 7.3%, BMI 25.4% vs. 17.7%, parity 14.8% vs. 
10.6%, onset of labour 2.3% vs. 2.1%, mode of birth 1.3% vs. 1.2%, SGA 6.5% vs. 0.3%, stillbirth 0.3% vs. 0.1%.
Abbreviations: BW, birthweight (Cole et al. [23]); GDM, Gestational Diabetes; HTN Dx of Pregnancy, Hypertensive disorders of pregnancy; HTN, Hypertension; IMD, 
Indices of multiple deprivation; NNM, neonatal morbidity; NU, neonatal unit; SGA, small for gestational age infant (Cole et al. [23]).

TABLE 1    |    (Continued)

 14710528, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.70209 by Scholarly C

om
m

unications - U
niversity O

f L
ancashire , W

iley O
nline L

ibrary on [10/04/2026]. 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



7BJOG: An International Journal of Obstetrics & Gynaecology, 2026

T
A

B
L

E
 2

    
|    

S
en

si
tiv

ity
 (%

) a
nd

 sp
ec

ifi
ci

ty
 (%

) o
f E

FW
 <

 10
th

 a
t l

as
t s

ca
n 

to
 p

re
di

ct
 S

G
A

 a
cr

os
s g

es
ta

tio
na

l a
ge

 a
nd

 sc
an

 to
 b

ir
th

 in
te

rv
al

 fo
r t

ho
se

 w
ith

 ≥
 1 

sc
an

 (n
 =

 11
8 0

15
).

G
A

 a
t l

as
t 

sc
an

Se
n

si
ti

vi
ty

 
<

 2 
w

ee
ks

Sp
ec

if
ic

it
y 

<
 2 

w
ee

ks
Se

n
si

ti
vi

ty
 

<
 3 

w
ee

ks
Sp

ec
if

ic
it

y 
<

 3 
w

ee
ks

Se
n

si
ti

vi
ty

 
<

 4 
w

ee
ks

Sp
ec

if
ic

it
y 

<
 4 

w
ee

ks
Se

n
si

ti
vi

ty
 

>
 4 

w
ee

ks
Sp

ec
if

ic
it

y 
>

 4 
w

ee
ks

24
 +

 0
–2

5 +
 6

62
.5

 (5
9.

7–
65

.3
)

99
.1

 (9
6.

2–
10

0.
0)

59
.1

 (5
6.

2–
62

.0
)

99
.2

 (9
6.

6–
10

0.
0)

57
.8

 (5
4.

9–
60

.7
)

99
.2

 (9
6.

6–
10

0.
0)

0*
96

.9
 (9

2.
5–

10
0.

0)

26
 +

 0
–2

9 +
 6

75
.0

 (7
3.

7–
76

.3
)

98
.9

 (9
7.

2–
10

0.
0)

74
.0

 (7
2.

7–
75

.3
)

98
.9

 (9
7.

3–
10

0.
0)

71
.2

 (6
9.

8–
72

.5
)

99
.0

 (9
7.

4–
10

0.
0)

2.
5 

(2
.0

–3
.0

)
96

.4
 (9

4.
4–

98
.5

)

30
 +

 6
–3

3 +
 6

75
.8

 (7
5.

0–
76

.6
)

98
.6

 (9
7.

1–
10

0.
0)

70
.1

 (6
9.

2–
70

.9
)

98
.7

 (9
7.

3–
10

0.
0)

65
.0

 (6
4.

1–
65

.9
)

98
.7

 (9
7.

5–
10

0.
0)

4.
8 

(4
.4

–5
.2

)
97

.1
 (9

5.
8–

98
.4

)

34
 +

 0
–3

7 +
 6

54
.1

 (5
3.

7–
54

.5
)

98
.4

 (9
7.

8–
98

.9
)

41
.6

 (4
1.

2–
42

.0
)

98
.5

 (9
8.

1–
99

.0
)

32
.7

 (3
2.

2–
33

.0
)

98
.6

 (9
8.

3–
99

.0
)

4.
0 

(3
.8

–4
.1

)
96

.5
 (9

5.
6–

97
.4

)

38
 +

 0
–4

1 +
 6

37
.7

 (3
6.

9–
38

.5
)

97
.1

 (9
6.

4–
97

.8
)

35
.4

 (3
4.

6–
36

.2
)

97
.2

 (9
6.

5–
97

.8
)

34
.8

 (3
4.

0–
35

.6
)

97
.2

 (9
6.

5–
97

.9
)

22
.2

 (2
1.

6–
22

.8
)

92
.7

 (8
0.

6–
10

0.
0)

N
ot

e:
 E

FW
 re

fe
re

nc
es

 a
re

 d
er

iv
ed

 fr
om

 H
ad

lo
ck

 e
t a

l. 
[2

4]
. B

ir
th

w
ei

gh
t r

ef
er

en
ce

s a
re

 d
er

iv
ed

 fr
om

 C
ol

e 
et

 a
l. 

[2
3]

.
*0

 =
 n

o 
ca

se
s.

T
A

B
L

E
 3

    
|    

P
os

iti
ve

 (%
) a

nd
 N

eg
at

iv
e 

Pr
ed

ic
tiv

e 
(%

) V
al

ue
 o

f E
FW

 <
 10

th
 a

t l
as

t s
ca

n 
to

 p
re

di
ct

 S
G

A
 a

cr
os

s g
es

ta
tio

na
l a

ge
 a

nd
 sc

an
 to

 b
ir

th
 in

te
rv

al
 fo

r t
ho

se
 w

ith
 ≥

 1 
sc

an
 (n

 =
 11

8 0
15

).

G
A

 a
t l

as
t 

sc
an

PP
V

 <
 2 

w
ee

ks
N

P
V

 <
 2 

w
ee

ks
PP

V
 <

 3 
w

ee
ks

N
P

V
 <

 3 
w

ee
ks

PP
V

 <
 4 

w
ee

ks
N

P
V

 <
 4 

w
ee

ks
PP

V
 >

 4 
w

ee
ks

N
P

V
 >

 4 
w

ee
ks

24
 +

 0
–2

5 +
 6

71
.4

 (6
8.

8–
74

.1
)

98
.7

 (9
8.

0–
99

.3
)

74
.3

 (7
1.

7–
76

.8
)

98
.4

 (9
7.7

–9
9.

1)
74

.3
 (7

1.
7–

76
.8

)
98

.3
 (9

7.
6–

99
.1

)
0*

94
.6

 (9
3.

3–
96

.0
)

26
 +

 0
–2

9 +
 6

68
.9

 (6
7.

6–
70

.3
)

99
.2

 (9
8.

9–
99

.4
)

70
.8

 (6
9.

5–
72

.1
)

99
.1

 (9
8.

8–
99

.4
)

72
.1

 (7
0.

7–
73

.4
)

98
.9

 (9
8.

6–
99

.2
)

5.
0 

(4
.3

–5
.6

)
93

.0
 (9

2.
3–

93
.8

)

30
 +

 6
–3

3 +
 6

54
.6

 (5
3.

6–
55

.5
)

99
.5

 (9
9.

3–
99

.6
)

56
.9

 (5
5.

9–
57

.8
)

99
.3

 (9
9.

1–
99

.4
)

58
.9

 (5
8.

0–
59

.8
)

99
.0

 (9
8.

8–
99

.2
)

9.
4 

(8
.9

–1
0.

0)
94

.2
 (9

3.
8–

94
.6

)

34
 +

 0
–3

7 +
 6

55
.5

 (5
5.

1–
55

.9
)

98
.3

 (9
8.

2–
98

.4
)

60
.9

 (6
0.

5–
61

.3
)

96
.9

 (9
6.

7–
97

.0
)

63
.6

 (6
3.

2–
64

.0
)

95
.2

 (9
5.

0–
95

.4
)

2.
7 

(2
.6

–2
.9

)
97

.6
 (9

7.
4–

97
.7

)

38
 +

 0
–4

1 +
 6

65
.9

 (6
5.

1–
66

.6
)

91
.4

 (9
0.

9–
91

.8
)

66
.9

 (6
6.

2–
67

.7
)

90
.3

 (8
9.

9–
90

.8
)

67
.2

 (6
6.

5–
68

.0
)

90
.0

 (8
9.

6–
90

.5
)

0.
3 

(0
.2

–0
.4

)
99

.9
 (9

9.
9–

99
.9

)

N
ot

e:
 E

FW
 re

fe
re

nc
es

 a
re

 d
er

iv
ed

 fr
om

 H
ad

lo
ck

 e
t a

l. 
[2

4]
. B

ir
th

w
ei

gh
t r

ef
er

en
ce

s a
re

 d
er

iv
ed

 fr
om

 C
ol

e 
et

 a
l. 

[2
3]

.
*0

 =
 n

o 
ca

se
s.

 14710528, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/1471-0528.70209 by Scholarly C

om
m

unications - U
niversity O

f L
ancashire , W

iley O
nline L

ibrary on [10/04/2026]. 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



8 BJOG: An International Journal of Obstetrics & Gynaecology, 2026

ultrasound demonstrated the opposite trend. It can be shown 
from our data that the value of EFW as represented by AUC 
improved with gestational age but the value of EFW percentiles 
lower than the 10th threshold as represented by partial AUC 
did not. A previous retrospective analysis has found that when 
performed for a high-risk cohort, sonographic estimation of 
birthweight is more accurate prior to 37 weeks' gestation [25]. 
We have now verified these findings in a significantly larger 
cohort.

4.3   |   Interpretation

Decline in test performance trends towards term for a selective 
cohort may simply reflect differences in the scanned populations 
such as differences in the prevalence of iatrogenic preterm birth 
for FGR or comorbid complications such as early preeclampsia. 
The prevalence of SGA at birth was highest amongst those who 
had their last scan after 38 weeks presumably because these 
women gave birth at later gestation with more time for slowing 
growth velocity. However, amongst births within 4 weeks of 
the last scan, rates of SGA were higher when the last scan was 
performed before 34 weeks. We speculate the greater severity of 
growth pathology at earlier gestational age contributes to the 
improved performance observed before 34 weeks.

4.4   |   Clinical Implications

Understanding when screening ultrasound underperforms for a 
select cohort is clinically important. In particular, our analysis 
may encourage clinicians to remain cautious of the reliability 
of EFW < 10th percentile to accurately predict SGA when ul-
trasound estimation of foetal size is performed after 34 weeks. 
Moreover, it may also influence clinical suspicion of screen-
negative results towards term and may be used to advise cli-
nicians who counsel women based on findings of ‘appropriate’ 
growth to consider the duration for which such foetal size esti-
mates remain valid. We observed that increasing scan to birth 
intervals beyond 4 weeks most negatively impacted test perfor-
mance characteristics. This may have been because numbers 
were too small for reliable assessment under those conditions. 
Nevertheless, the weak correlation between EFW and birth-
weight at scan to birth intervals beyond 4 weeks challenges our 
capacity to rely on these projections and instigate appropriate 
management.

Data on the screening performance of foetal growth assess-
ment is important but clinicians should understand the po-
tential harm associated with action upon inaccurate results. 
Previous work from the DESiGN group has demonstrated that 
there are clinically relevant differences in perinatal complica-
tions between the SGA and non-SGA foetus that are based on 
screening outcomes. It was recently published that a foetus with 
a false negative result is at increased risk of stillbirth (aOR 1.2 
95% CI 1.07–1.31), but decreased risk of major (aOR 0.83 95% 
CI 0.79–0.87) and minor neonatal morbidity (aOR 0.52 95% CI 
0.50–0.54) when compared to a foetus with a true positive re-
sult [3]. The same paper demonstrated that a foetus with a false 
positive result is at increased risk of stillbirth (aOR 2.2 95% CI 
1.8–2.6) and increased risk of major (aOR 1.0 95% CI 1.0–1.1) 

and minor neonatal morbidity (aOR 1.7 95% CI 1.6–1.8) when 
compared to a foetus with a true negative result [3]. In our study, 
we observed that implementation of current antenatal screen 
positive ultrasound criteria for SGA at the last scan confers in-
creased risk of false negative results, and hence stillbirth but not 
necessarily morbidity, for a select cohort towards term.

4.5   |   Future Research

Primarily, our findings undermine confidence in ultrasound 
estimates of foetal size performed after 34 weeks' gestation, par-
ticularly for those who are born at term, and expose limitations 
of selective screening pathways to predict late-onset SGA. More 
frequent late preterm surveillance may improve detection but 
will likely have negative economic ramifications and may lead 
to unnecessary intervention. Future research should instead 
explore what individual and combined predictive accuracy ad-
ditional sonographic parameters such as modified biometric 
thresholds or a measure of growth velocity have to sustain selec-
tive foetal growth screening performance.

4.6   |   Strengths and Limitations

The strength of this study lies in evidence based on data ob-
tained from a large multicentre selective screening programme 
in England which confers generalisability to a clinical context 
that conforms to RCOG screening recommendations [15]. The 
scale of this dataset also affords unique opportunity to meet 
our objective which was to primarily observe subtle trends in 
current selective screening performance that are shaped by the 
timing of ultrasound and its proximity to birth.

However, the study has some limitations. Firstly, the data from 
this study relevant to the last scan cannot be used to infer the 
selective screening performance of EFW < 10th to predict SGA 
at the next scan, or be used to inform the timing of the next scan. 
The value of our paper was not to inform antenatal surveillance 
and the timing of the next ultrasound but to instead aid decision 
making when planning birth and managing the intrapartum 
period.

Secondly, we observed greater heterogeneity in the sensitivity of 
EFW < 10th to predict SGA within 2 and 4 weeks of birth when 
the ultrasound was performed at earlier gestational age win-
dows and speculate this is driven by fewer events (defined by 
scan and birth within the prespecified interval) related to site 
resources to manage preterm infants and the risk profile of its 
underlying serviced population.

Thirdly, we did not have access to data on the clinical indication 
for scans which may influence the strength of their estimation 
of foetal size. We speculate that natural cohort differences be-
tween scanned populations confer an observation bias on test 
performance trends that vary across gestational age of scan and 
scan to birth interval. We acknowledge that missing data on the 
indication for foetal growth ultrasound may introduce spectrum 
bias and limit generalisability of our findings to clinical samples 
selected by the same screening protocols. Nonetheless, we pro-
vide a pragmatic interpretation of the capacity of foetal growth 
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ultrasound to detect pathology as it is distributed asymmetri-
cally across the course of pregnancy for a selective cohort.

Finally, our findings are not applicable to other foetal and neo-
natal birthweight classifications beyond those utilised in the 
DESiGN trial. This limits interpretability of our findings because 
biometric thresholds associated with adverse perinatal outcomes 
differ for separate charts as previous research has shown [26]. 
Use of Hadlock and UK population charts, in particular, also 
complicate interpretation of test performance of EFW < 10th to 
predict SGA because of potential unadjusted discordance be-
tween antenatal and postnatal standards, particularly towards 
term. Hadlock's formula is limited to a small homogenous popu-
lation [24] and its accuracy diminishes in late gestation [27, 28], 
particularly with extremes of weight [27, 29]. Importantly, our 
study was bound to the charts used and percentiles calculated 
by the hospitals recruited in the DESiGN trial. Despite these 
limitations, the study remains relevant to a wide clinical set-
ting because it measures the accuracy of a selective ultrasound 
screening programme to predict SGA when it conforms to foetal 
and neonatal growth standards that are commonly accepted by 
a large sample of maternity care providers in a public healthcare 
service accessed by most of the population [30].

5   |   Conclusion

Understanding the temporal patterns of selective screening 
ultrasound performance across the course of pregnancy is 
clinically important. Without knowledge of where limita-
tions are imposed on the selective screening performance of 
EFW < 10th, practitioners who look back at most recent size 
estimates cannot justify decisions aimed at reducing the risk 
of adverse perinatal outcomes associated with SGA. Our anal-
ysis reveals the need for research to improve the performance 
of current methods to predict late onset SGA when applied to a 
selective screening programme. Sonographic parameters to op-
timise detection of late-onset SGA may include lower biometric 
thresholds for EFW, Doppler velocimetry or a measure of foetal 
growth velocity.
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