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Choosing a growth standard
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Which chart you choose will determine what % of babies in your 
population are SGA and FGR



1. Is this the right chart? 

Livebirth (BW) charts will systematically under-diagnose fetal growth restriction prior to term 

These  babies…… 

…are  not  as  happy  and  well  
nourished  as  these  babies… 

Dobbins (replace Roberts and Lancaster) are  a  ‘left  skewed  ‘population 

Which growth chart: birthweight vs fetal weight

Live birth charts will systematically underdiagnose FGR prior to term

Babies in the NICU are 
not the same………..

As babies that remain 
in-utero until term!



Which growth chart: birthweight vs fetal weight

Kramer, 2001
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Which growth chart: Standard vs Reference charts

Growth standards charts describe how a baby should 
grow…..based on data from only healthy pregnancies

Whereas growth reference charts describe how all babies in a 
population grow including those that subsequently develop 

complications 



Hadlock Charts

• USA 1991
• 392 women 
• All caucasian
• Single center in Texas
• Only 1 USS per fetus



Growth charts 
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International standards for fetal growth based on serial 
ultrasound measurements: the Fetal Growth Longitudinal 
Study of the INTERGROWTH-21st Project
Aris T Papageorghiou, Eric O Ohuma, Douglas G Altman, Tullia Todros, Leila Cheikh Ismail, Ann Lambert, Yasmin A Jaff er, Enrico Bertino, 
Michael G Gravett, Manorama Purwar, J Alison Noble, Ruyan Pang, Cesar G Victora, Fernando C Barros, Maria Carvalho, Laurent J Salomon, 

Zulfi qar A Bhutta*, Stephen H Kennedy*, José Villar*, for the International Fetal and Newborn Growth Consortium for the 21st Century 
(INTERGROWTH-21st)†

Summary
Background In 2006, WHO produced international growth standards for infants and children up to age 5 years on the 
basis of recommendations from a WHO expert committee. Using the same methods and conceptual approach, the 
Fetal Growth Longitudinal Study (FGLS), part of the INTERGROWTH-21st Project, aimed to develop international 
growth and size standards for fetuses.

Methods The multicentre, population-based FGLS assessed fetal growth in geographically defi ned urban populations 
in eight countries, in which most of the health and nutritional needs of mothers were met and adequate antenatal 
care was provided. We used ultrasound to take fetal anthropometric measurements prospectively from 14 weeks and 
0 days of gestation until birth in a cohort of women with adequate health and nutritional status who were at low risk 
of intrauterine growth restriction. All women had a reliable estimate of gestational age confi rmed by ultrasound 
measurement of fetal crown–rump length in the fi rst trimester. The fi ve primary ultrasound measures of fetal 
growth—head circumference, biparietal diameter, occipitofrontal diameter, abdominal circumference, and femur 
length—were obtained every 5 weeks (within 1 week either side) from 14 weeks to 42 weeks of gestation. The best 
fi tting curves for the fi ve measures were selected using second-degree fractional polynomials and further modelled in 
a multilevel framework to account for the longitudinal design of the study.

Findings We screened 13 108 women commencing antenatal care at less than 14 weeks and 0 days of gestation, of 
whom 4607 (35%) were eligible. 4321 (94%) eligible women had pregnancies without major complications and 
delivered live singletons without congenital malformations (the analysis population). We documented very low 
maternal and perinatal mortality and morbidity, confi rming that the participants were at low risk of adverse outcomes. 
For each of the fi ve fetal growth measures, the mean diff erences between the observed and smoothed centiles for the 
3rd, 50th, and 97th centiles, respectively, were small: 2·25 mm (SD 3·0), 0·02 mm (3·0), and –2·69 mm (3·2) for 
head circumference; 0·83 mm (0·9), –0·05 mm (0·8), and –0·84 mm (1·0) for biparietal diameter; 0·63 mm (1·2), 
0·04 mm (1·1), and –1·05 mm (1·3) for occipitofrontal diameter; 2·99 mm (3·1), 0·25 mm (3·2), and –4·22 mm 
(3·7) for abdominal circumference; and 0·62 mm (0·8), 0·03 mm (0·8), and –0·65 mm (0·8) for femur length. We 
calculated the 3rd, 5th 10th, 50th, 90th, 95th and 97th centile curves according to gestational age for these ultrasound 
measures, representing the international standards for fetal growth.

Interpretation We recommend these international fetal growth standards for the clinical interpretation of routinely 
taken ultrasound measurements and for comparisons across populations.

Funding Bill & Melinda Gates Foundation.

Introduction
Screening for disturbances in fetal growth is one of the 
main purposes of antenatal care. None of the biomarkers 
assessed so far can accurately predict fetal growth 
restriction;1 therefore, screening relies on routine 
measurement of uterine fundal height, complemented 
by ultrasound measurement of fetal size in women with 
pregnancy complications or with a relevant history or 
clinical evidence of fetal growth restriction.

Despite the widespread use of ultrasound worldwide, 
concerns have been expressed about the low detection 
rates of abnormal fetal growth in routine practice,2,3 even 

when used mostly in high-risk subpopulations. However, 
these observations should be interpreted with caution in 
view of the large number of locally derived reference 
charts available4 and the absence of suitable international 
standards similar to the standards used for monitoring 
infant growth.5 Additionally, large variation is seen in the 
cutoff  points (eg, 3rd, 5th, or 10th centile) used to 
establish whether fetal growth is abnormal, even within 
the same population or region.4 The use of such a range 
of charts and cutoff  points4,6 in clinical decision making 
about fetal growth patterns inevitably leads to diagnostic 
confusion, diffi  culties comparing outcomes across 
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Figure 2: Fitted 3rd, 50th, and 97th smoothed centile curves of fetal measurements
Fitted 3rd (bottom dashed line), 50th (middle dashed line), and 97th (top dashed line) smoothed centile curves for fetal head circumference (A), fetal biparietal 
diameter (B), fetal occipitofrontal diameter (C), fetal abdominal circumference (D), and fetal femur length (E) measured by ultrasound according to gestational age. 
Open red circles show empirical values for each week of gestation and open grey circles show actual observations.
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Ultrasound based growth standard: 
“Optimal fetal size”

4321 low risk women from 8 countries 
included in final chart (Brazil, UK, Italy, 

Oman, USA, China, India & Kenya)

Linked with WHO infant and childhood 
growth charts  up to age 2 yrs

Dating scan < 14 weeks then scanned 
every 5 weeks to 42 weeks 



Intergrowth 21

log(EFW) = 
5.1 – 54.1×(AC/100)3 –
95.8×(AC/100)3×log(AC/100) + 3.1 
×(HC/100)

UOG 2017

ONLY HC and AC included !



FIGURE 1
Cohort profiles for the 3 studies

Main differences among the NICHD Fetal Growth Studies, INTERGROWTH,11,12 and WHO Fetal13,14 NICHD and WHO Fetal calculated EFW from HC, AC,
and FL using the Hadlock 1985 formula,26 while INTERGROWTH created a new formula12 based on only HC and AC.
AC, abdominal length;EFW, estimated fetal weight;FL, fetal length;HC, head circumference;INTERGROWTH, INTERGROWTH-21st;NICHD, Eunice Kennedy Shriver National Institute of Child Health and
Human Development;WHO Fetal, World Health Organization Multicentre Growth Reference Study.

Grantz. Fetal growth charts. Am J Obstet Gynecol 2018.

ajog.org Expert Reviews

FEBRUARY 2018 American Journal of Obstetrics & Gynecology S643

Intergrowth 21

• One size fits all
• Skeletal growth 

not affected
• AC, EFW, Bwt –

differ due to 
environment

• Not fetal sex 
specific – inc in 
calculator

Supernormal

2 yrs – normal 
ND

• All measurements 
blinded, 
standardised
equipment, trained 
sonographers

• Mean Bwt
~600g < in 
India

• In Canada 
high rates 
of LGA, low 
rates of 
SGA 
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Abstract

Background

Perinatal mortality and morbidity continue to be major global health challenges strongly

associated with prematurity and reduced fetal growth, an issue of further interest given the

mounting evidence that fetal growth in general is linked to degrees of risk of common non-

communicable diseases in adulthood. Against this background, WHO made it a high priority

to provide the present fetal growth charts for estimated fetal weight (EFW) and common

ultrasound biometric measurements intended for worldwide use.
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• Ultrasound based growth standard: 
“Optimal fetal size”

• 1387 low risk women from 10 
ultrasound centres included in final 
chart (Argentina, Brazil, DRC, Denmark, 
Egypt, France , Germany, India, Norway 
& Thailand)

• Dating scan < 14 weeks then scanned x 
7 

• EFW calculated using Hadlock eqn

• Presented pooled data – 1 chart

the same table, the level of significance is listed for these variables, e.g., p< 0.001 for country,
highly significant. It is clear that variation due to country also occurs independently of

Fig 1. Percentiles for biparietal (outer–inner) diameter, head circumference, abdominal circumference,
femur length, humerus length, estimated fetal weight, femur length/head circumference ratio, and
femur length/biparietal diameter ratio during gestational weeks 14–40. The percentiles (percent) 1st, 5th,
10th, 50th, 90th, 95th, and 99th (smoothed lines) are based on quantile regression and are shown with the
observed values (grey dots).

doi:10.1371/journal.pmed.1002220.g001

WHO Fetal Growth Charts

PLOS Medicine | DOI:10.1371/journal.pmed.1002220 January 24, 2017 15 / 36



WHO

• Country variation 
• Country not self 

reported race
• Sample size for each 

country ~150
• ~300 patients 

contribute to each 
geographical region 
(Asia, Africa)

• High rates of early term 
CS in S. America –
limited term growth 
data

• Birthweight ~ 500g less 
in India compared to 
Norway

Fig 3. Influence of country on estimated fetal weight. The 10th, 50th, and 90th percentiles for estimated
fetal weight in grams for the ten participating countries, with variation due to country becoming more obvious
towards the end of gestation. Congo, Democratic Republic of the Congo.

doi:10.1371/journal.pmed.1002220.g003

WHO Fetal Growth Charts

PLOS Medicine | DOI:10.1371/journal.pmed.1002220 January 24, 2017 27 / 36



(Bowley’s coefficient of asymmetry,
e0.016),30 the pattern inverts during the
second half of pregnancy with a notice-
ably wider spread at >50th percentile
(Bowley’s coefficient, þ0.111). A
possible biologic explanation for this
would be that abundance in resources
allows expansion in size, which is re-
flected in the dispersion of higher per-
centiles; on the other extreme, relatively
limited resources do not permit such
variation, and the percentiles remain
denser.

Fetal and Maternal Factors Have
Graded Influence on Growth
Fetal sex difference and maternal char-
acteristic are known to influence
growth31,32 and does so in this multi-
center study also. Because quantile
regression was applied to establish the
reference ranges, each percentile was
estimated separately, which provided the
possibility of testing the effect of fetal sex
difference on each of them. The magni-
tude of the effect (3.5e4.5%) justified
the construction of customized reference
ranges for female and male fetuses
(Figure 3); the stronger effect was on the
higher percentiles (Figure 4).

Maternal age influenced fetal size
positively (2e3% per 10 years); the effect
was strongest on the lower percentiles
(Figure 4).

Parity ("1 vs 0) also had a positive
effect (1e3%) but graded across the
percentiles and strongest for the smaller
fetuses (Figure 4). Being aware of the
known relation between maternal age
and parity, we controlled for this during
the analysis to present their separate
effects.

Maternal weight had a small but
positive effect on EFW (1e1.5% per
10 kg); bear in mind that 1 of the
inclusion criteria to the study was BMI
18-30 kg/m2 (ie, no extreme weights).
The effect of maternal weight was
graded across the fetal population: the
highest effect on highest percentiles
(Figure 4).

Maternal height, which also had a
positive effect (1e2% per 10 cm), had an
opposite trend of the effect on the per-
centiles: the highest effect on the smallest
fetuses (Figure 4).

BMI was also considered by running
the models after having substituted
weight and height by BMI. BMI’s ef-
fect on EFW was lower than for height
and weight: 0.1% for each unit of
BMI. The result might have been ex-
pected because BMI is a measure of
body proportion rather than absolute
resources, and the effect may be more
pronounced for extreme values of
BMI33; the study participants all had
BMI, 18e30 kg/m2.
These covariates, maternal and fetal,

have been examined previously.34-36 The
WHO study, however, has shown that
the effects are not large and are not
exerted equally among different EFW
percentiles but may add up to be of
clinical relevance. It makes any custom-
ization for individual use more complex,
but statistical development, growing
computer power, and more data accrual
should handle it.

Country Variation
In the WHO study, ethnic and cultural
differences were represented by the
classification “country.” Country influ-
enced fetal growth significantly
(Figure 5), and the variation in growth
pattern is specifically visualized for the
10th, 50th and 90th percentiles in
Figure 6. The variation in EFW corrob-
orated the significant country differences
in birthweight. For example, India with
the lowest birthweight also had the
lowest course of the 10th, 50th, and 90th
percentile for EFW; maternal character-
istics could explain only part of the
country variation. On the other hand,
other populations followed other and
steeper trajectories, at times even
crossing others (eg, the Norwegian;
Figure 6) and signifying variations in
growth trajectories. The results indicate
that populations, even under optimal
nutritional conditions and environment,

FIGURE 3
World Health Organization sex-specific growth percentiles for estimated
fetal weight

The effect of fetal sex on estimated fetal weight was 3.5e4.5%, which justified separate charts.
From Kiserud T, Piaggio G, Carroli G, et al. The World Health Organization fetal growth charts: a
multinational longitudinal study of ultrasound biometric measurements and estimated fetal weight.
PLoS Med 2017;14:e1002220. With permission.
F, female; M, male.

Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.

ajog.org Expert Reviews

FEBRUARY 2018 American Journal of Obstetrics & Gynecology S623

WHO

Sex specific 
• Males 4.5% bigger



FIGURE 1
Cohort profiles for the 3 studies

Main differences among the NICHD Fetal Growth Studies, INTERGROWTH,11,12 and WHO Fetal13,14 NICHD and WHO Fetal calculated EFW from HC, AC,
and FL using the Hadlock 1985 formula,26 while INTERGROWTH created a new formula12 based on only HC and AC.
AC, abdominal length;EFW, estimated fetal weight;FL, fetal length;HC, head circumference;INTERGROWTH, INTERGROWTH-21st;NICHD, Eunice Kennedy Shriver National Institute of Child Health and
Human Development;WHO Fetal, World Health Organization Multicentre Growth Reference Study.

Grantz. Fetal growth charts. Am J Obstet Gynecol 2018.

ajog.org Expert Reviews

FEBRUARY 2018 American Journal of Obstetrics & Gynecology S643

WHO

Measurements not 
blinded – clinically 
revealed

1 postnatal 
chart WHO 
MGRS

Reflects clinical 
practice better
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NICHD

• Ultrasound based growth 
standard: “Optimal fetal 
growth”

• Hypothesis: are racial/ethnic 
growth standards better

• 12 USA sites, 1733 women

• Dating scan 10-14 weeks then 
scanned x 5 

• EFW calculated using Hadlock
eqn

Figure 3. Distribution of fetal anthropometric measurements by race/ethnicity and gestation, 
NICHD Fetal Growth Studies - singletons
Estimated 5th, 50th and 95th percentiles for the fetal anthropometric parameters by self 
reported race/ethnicity (a–e), as estimated from linear mixed models with log-transformed 
outcomes and cubic splines.
GA, gestational age
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NICHD

• Race based 
differences in 
EFW

• Differences in 
maternal height, 
weight, leg length, 
body composition 
(fat) based on 
race

Figure 2. Distribution of estimated fetal weight by race/ethnicity and gestation, NICHD Fetal 
Growth Studies - singletons
Estimated 5th, 50th and 95th percentiles for fetal weight by maternal self reported race/
ethnicity, as estimated from linear mixed models with log-transformed outcomes and cubic 
splines.
EFW, estimated fetal weight; GA, gestational age

BUCK LOUIS et al. Page 14
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Figure 6. Percentage of non-White fetuses below the 5th percentile of the Non-Hispanic White 
Standard
Percentage of non-White fetuses below the 5th percentile of the Non-Hispanic White 
Standard by gestational age. The difference between the race/ethnic-specific curves and the 
0.05 line reflect the amount of misclassification attributed to using the Non-Hispanic White 
standard.
GA, gestational age

BUCK LOUIS et al. Page 18

Am J Obstet Gynecol. Author manuscript; available in PMC 2016 October 01.
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NICHD

Risk of misclassification 
on FGR dependent on 
race – up to 15%

But higher rate of 
adverse outcome 
(stillbirth, PTB) in Black 
and Hispanic groups 



FIGURE 1
Cohort profiles for the 3 studies

Main differences among the NICHD Fetal Growth Studies, INTERGROWTH,11,12 and WHO Fetal13,14 NICHD and WHO Fetal calculated EFW from HC, AC,
and FL using the Hadlock 1985 formula,26 while INTERGROWTH created a new formula12 based on only HC and AC.
AC, abdominal length;EFW, estimated fetal weight;FL, fetal length;HC, head circumference;INTERGROWTH, INTERGROWTH-21st;NICHD, Eunice Kennedy Shriver National Institute of Child Health and
Human Development;WHO Fetal, World Health Organization Multicentre Growth Reference Study.

Grantz. Fetal growth charts. Am J Obstet Gynecol 2018.

ajog.org Expert Reviews

FEBRUARY 2018 American Journal of Obstetrics & Gynecology S643

NICHD

Different chart for:
White
Non Hispanic black
Hispanic
Asian/Pacific Islander
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Customised GROW charts

• Country specific – not Canada
• International charts available
• Fetal weight charts
• Term optimal weight and 

multiple regression analyses 

Customise for:
• Maternal height
• Maternal weight
• Ethnicity
• Parity
• Fetal sex
• Country of residence



Does it make a difference? 

‘Previous  FDIU 3000g  at  40  weeks  gestation…..’ Customised GROW charts

3 kg baby at 40 weeks
• BMI
• Better at identifying large mothers with FGR babies more at risk of FDIU
• Reduces interventions for low risk small mothers



between birthweight percentile and the
outcome was nonlinear, the best-fitting
degree-2 fractional polynomial model
was chosen to represent this association.
Fractional powers were chosen from the
set (e2, e1, e0.5, 0, 0.5, 1, 2, 3). This
was repeated for all 3 birthweight
percentiles. The predicted risk of
outcome was calculated from the
fractional polynomial model with the
use of Stata postestimation command
epredicte with option pr, and the e
centilee command with option c(90,95)
were used to obtain the top 10% and top
5% risk cut-offs, respectively. The pre-
dicted risk was analyzed as a continuous
variable, receiver operating character-
istic (ROC) curves were estimated, and
the areas under the ROC curves were
compared. Logistic regression models
were then fitted between high predicted
risk (top 5% or top 10%) and the com-
posite adverse outcome with and
without adjustment for gestational age
and other characteristics used in cus-
tomization. Odds ratios (OR) and 95%
confidence intervals (CI) were esti-
mated. The association between
maternal characteristics and fetal weight
at 36 weeks and birthweight was
modeled with the use of linear regres-
sion; adjusted r2 was calculated to esti-
mate the variance in weight explained by
the maternal characteristics.

Results
In total, 4095 women were included in
the analysis. In Table 1, we present the
characteristics of the cohort in relation

to the SGA classifications frequently
used in previous studies, namely into
each of the 4 groups: (1) not SGA us-
ing both methods (n¼3631), (2) SGA

TABLE 1
Characteristics of the study sample by small-for-gestational-age group (total n[4095) (continued)

Characteristic

Not small for
gestational
age (n¼3631)

Small for gestational age

P value

Customized
fetal weight
standard (n¼102)

Population
birthweight
standard (n¼59)

Both standards
(n¼303)

Mode of delivery, n (%) <.001

Spontaneous vaginal 1752 (48) 47 (46) 25 (42) 158 (52)

Assisted vaginal 866 (24) 22 (22) 22 (37) 64 (21)

Intrapartum cesarean 656 (18) 9 (8.8) 9 (15) 42 (14)

Prelabor cesarean 349 (10) 24 (24) 3 (5.1) 39 (13)

Missing data 7 (0.2) 0 0 0
a Data are given as median (interquartile range) as appropriate. Comparisons among the 4 groups were done with the use of a Kruskal-Wallis test for continuous characteristics and Pearson Chi-
square test for categoric characteristics. For fields in which there is no category labelled missing, data were 100% complete. Maternal age was defined as age at recruitment; maternal weight was
measured at the time of the dating scan, and maternal height was measured at the time of the 20-week scan. All other maternal characteristics were defined by self-report at the 20-week interview,
from examination of the clinical case record, or linkage to the hospital’s electronic databases.1 Deprivation was quantified with the use of the Index of Multiple Deprivation 2007,15 which is based on
census data from the area of the mother’s postcode.

Sovio & Smith. Customization of birthweight percentile and adverse perinatal outcome. Am J Obstet Gynecol 2018.

FIGURE 1
Proportion of the composite adverse outcome

Proportion (%) of the composite adverse outcome in relation to birthweight percentile category.
Cust-FW, customized fetal weight standard; Pop-BW, population birthweight standard (adjusted only for sex and gestational age);
Pop-FW, population fetal weight standard (adjusted only for sex and gestational age).

Sovio & Smith. Customization of birthweight percentile and adverse perinatal outcome. Am J Obstet Gynecol 2018.

ajog.org OBSTETRICS Original Research

FEBRUARY 2018 American Journal of Obstetrics & Gynecology S741

Customisation and adverse outcomes

Sovio, AJOG 2018

Differences accounted for by use of fetal weight standard, prematurity 
and increased adverse outcomes in women with high BMI



Self reporting ethnicity?

Lockie, BJOG 2018

235 women – 16 categories
50% used multiple descriptors
13% couldn’t identify their ethnicity
Partners interpretation varied


