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A B S T R A C T

Objectives: The choice of growth charts impacts on screening, diagnosis and clinical management of fetal
growth abnormalities. The objectives of the study were to evaluate: 1) the clinical practice at a national
level among tertiary referral centers in the use of fetal biometric growth charts; and 2) the impact on fetal
growth screening of existing national and international growth charts.
Study design: A questionnaire was sent to 14 Italian tertiary referral centers to explore biometric reference
growth charts used in clinical practice. National and international (Intergrowth-21st and World Health
Organization) fetal growth charts were tested on a large national cohort of low risk women with
singleton uneventful pregnancy derived from a retrospective cross-sectional multicenter study (21
centers). The percentage of fetuses with biometric measurements below and above the 10th and 90th
percentile for each biometric parameter and gestational week were calculated for each growth chart. The
percentile curves of the study population were calculated by non-linear quantile regressions.
Results: Twelve Italian centers (86 %) answered to the questionnaire showing a wide discrepancy in the
use of growth charts for fetal biometry. The cohort included 7347 pregnant women. By applying
Intergrowth-21st growth charts the percentage of fetuses with head circumference, abdominal
circumference and femur length below the 10th centile was 3.9 %, 3.6 % and 2.3 %, and above the 90th
centile 29.9 %, 32.5 % and 46 %, respectively. The percentages for the World Health Organization growth
charts for head and abdominal circumferences and femur length were: below the 10th centile 6.3 %, 7.2 %
and 5.3 %, and above 90th centile 22.8 %, 21.3 % and 31.9 %, respectively.
Conclusions: The wide discrepancy in clinical use of fetal growth charts in Italian centers warrants the
adoption of an uniform set of charts. Our data suggest that immediate application into clinical practice of
international growth charts might result into an under-diagnosis of small for gestational age fetuses and,
especially, in an over-diagnosis of large for gestational age fetuses with major consequences for clinical
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practice. On these grounds, there is an urgent need for a nationwide study for the prospective evaluation
of international growth charts and, if needed, the construction and adoption of methodologically robust
national growth charts.
Introduction

There is an ongoing international discussion regarding which
fetal growth charts should be used [1]. As a matter of fact, an
extensive and clinically significant variability among different
growth charts has been proved, even between studies of the
highest methodological quality [2]. Methodological aspects such as
the study population, data collection, curve modeling and others
are of crucial importance for the final outcome of the process [2].
Beside the methodological issues, there is also an ongoing
discussion regarding whether one international standard might
be adequate to assess fetal growth all around the globe, or are there
some differences related to ethnicity supporting the adoption of
growth charts constructed based on national data, or even the
customization.

Recently, the International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG) Practice Guidelines on Ultrasound
Assessment of Fetal Biometry and Growth [3] recommended the
application of “prescriptive biometry charts, obtained prospectively,
truly population-based and derived from studies with the lowest
possible methodological bias”, and called for the practitioners’
awareness regarding national or even local growth charts. Such
awareness requires an exploratory and preliminary analysis of the
impact of different charts by applying reference values to local
findings [3].

In Italy there is currently no chart recommended at a national
level. In the past, two multicentric groups have produced two
national growth charts, Nicolini et al. in 1986 [4] and Paladini et al.
in 2005 [5]. Both growth charts were constructed on prospectively
collected data in low-risk populations, but none completely
fulfilled the ISUOG criteria and none provided a reference for
the estimated fetal weight (EFW). More recently, customized fetal
growth reference charts for parent’s characteristics, race and parity
have been published [6].

The aims of the study were to assess at a national level: 1) the
use of biometric growth charts in clinical practice; 2) the validity of
currently used non-customized national growth charts; and 3) the
impact on fetal growth screening of new international charts
proposed by the INTERGROWTH-21st (IG-21st) [7] and by the
World Health Organization (WHO) [8] working groups.

Material and methods

Survey on fetal growth charts use

In order to investigate which fetal growth charts are in use at
national level, a survey was performed involving 14 Italian tertiary
referral centers. A short questionnaire was prepared to explore the
biometric and Doppler charts used in clinical practice. The
questionnaire was e-mailed to the lead of each Unit. In the case
of no response, up to two e-mail reminders were sent at three-
week intervals. Frequency and percentage distribution of adopted
fetal growth charts were analyzed.

Comparison of national and international fetal growth charts

Fetal growth charts examined
The Nicolini growth charts were the result of a prospective

cross-sectional multicentric (n = 8) study conducted in Northern
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Italy in the years 1984–1985 on uncomplicated pregnancies
(n = 1426) [4]. The standardization was performed together with
the evaluation of intra- and inter-observer reproducibility.
Reference ranges from 12 to 41 gestational weeks for biparietal
diameter (BPD), head circumference (HC) and abdominal circum-
ference (AC) were calculated.

The Paladini growth charts were based on a prospective cross-
sectional study conducted in three referral centers for prenatal
diagnosis on 626 fetuses in early 2000ies [5]. Exclusion criteria
were applied for all maternal and/or fetal conditions that could
possibly affect fetal growth. Reference ranges from 16 to 40 weeks
of gestation were computed for BPD, HC, AC, femur (FL), tibia,
humerus, ulna and radius length.

The IG-21st prescriptive standards were derived from an
international prospective longitudinal multicentric multiethnic
study (8 countries) on 4321 pregnancies in years 2009�2014 [7].
Strict selection criteria were applied in order to include only low-
risk pregnancies of healthy and well-nourished mothers from
medium-high socioeconomic status [9]. Strict methodological
criteria were applied for the biometric measurements that were
blinded. Growth standards from 14 to 40 weeks of gestation were
obtained for BPD, HC, AC, FL and EFW.

The WHO fetal growth charts are based on a prospective
longitudinal multicentric multiethnic study on 1387 women
conducted in 10 countries in years 2009�2014 [8]. Participants
had no known health, environmental, nutritional or socio-
economic constraints. Fetal, maternal and neonatal clinical
conditions were retained, thus providing reference curves from
14 to 40 weeks of gestation for BPD, HC, AC, FL and EFW.

Study population
A cross-sectional retrospective multicentre study was conducted

in 21 Italian referral Units, which had proven expertise in
sonographic assessment of fetal growth and were opted in by the
steering committee of this study. Data were derived from databases
of each participating Unit concerning pregnancies delivered
between January and September 2014. Details of the study were
described elsewhere [6]. Uncomplicated singleton pregnancies
delivered at 37–41 weeks with uneventful perinatal outcome and
available information on parity, maternal height, weight and race
were included. Pregnancies complicated by fetal structural or
chromosomal anomalies, pre-existing maternal disease (such as
hypertension, diabetes, renal and autoimmune disorders) or
development of obstetrics complications (such as hypertensive
disorders of pregnancy or gestational diabetes) were excluded. For
the purpose of the present study, only mothers with a pre-pregnancy
body mass index (BMI) in the range of 17–30 were selected. The
pregnancies were dated based on first trimester ultrasound
measurement of crown rump length. Sonographic measurements
were obtained during routine screening ultrasound examinations,
recommended at 19–21 and 30–34 weeks of gestation according to
national guidelines [10]. A smaller number of fetal biometric data
were collected out of the screening time interval when ultrasound
was performed as a complement of clinical examination.

Sonographic measurements
Fetal measurements were made in accordance with the ISUOG

guidelines [11] and as previously described [6]. The EFW (in grams)
was computed using the Hadlock 3 formula [12]:



[log10(EFW) = (1.326-(0.0000326*AC*FL)+(0.00107*HC)+
(0.00438*AC)+(0.0158*FL)]

Statistical analyses
The characteristics of the population were represented by

median and interquartile range (IQR) or by frequency and
percentage. The distribution of ultrasound scan occurrences per
gestational age was graphically represented. We considered the
BPD, AC and HC carried out between the weeks of gestation 14–40,
while the FL and EFW were considered between the weeks of
gestation 15–40 due to lack of measurements at 14 weeks. For each
sonographic measurement and gestational week, the outliers were
defined as minus or plus three times the standard deviation (SD)
and therefore excluded from the statistical analyses.

In order to evaluate the clinical impact of the examined growth
charts, we calculated for each biometric parameter and gestational
week the percentage of fetuses whose biometric measurements
were below and above the 10th and 90th percentile of each growth
chart, respectively. Herein, we have included the percentages of
the HC and AC parameters, since the HC represents an anthropo-
metric measure and AC reflects mostly the nutritional fetal status.
The percentages related to the BPD, FL and EFW measurements are
represented in the Supporting Information.

Finally, quantile regressions were applied to the study
population to estimate the predicted probability of each sono-
graphic measurement by gestational week for the following
percentiles: the 3rd, the 5th, the 10th, the 50th, the 90th, the 95th
and the 97th percentiles (P3, P5, P10, P50, P90, P95 and P97,
respectively). This was performed in order to be able to compare
graphically the percentile curves of the study population with the
growth charts assessed. Because the response functions BPD, HC,
AC, FL and EFW were non-linear in parameters, non-linear quantile
regressions were performed [13]. For BPD, HC, AC and FL the
specification of the model formula is:

y � (α + ß1*(gw) + ß2*(gw)2 + ß3*(gw)3)

where y is one of the following sonographic measurements AC or
FL or BPD or HC; gw is the gestational week of the sonographic
measurements; α is the intercept; ß1, ß2 and ß3 are the beta
coefficients of the models.
Fig. 1. Distribution of different fetal growth charts for bio
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For EFW the regression B-spline, with 4 knots, was applied to
the non-linear quantile regression. [13] The specification of model
formula is:

y � (α + ß1*(gw) + ß2*(gw)2 + ß3*(gw)3 + ß4*(gw)4)

where y is EFW; gw is the week of gestation at the time of EFW
assessment; α is the intercept;

ß1, ß2, ß3 and ß4 are the beta coefficients of the model.
The observations of each sonographic measurement and the

respective predicted probabilities were plotted to generate the
curves based on the specified percentiles (P3, P5, P10, P50, P90, P95
and P97).

SAS (version 9.4 SAS Institute INC., Cary, N.C., USA), STATA
(StataCorp. 2014. Stata Statistical Software: Release 14. College
Station, TX: StataCorp LP) and quantreg and splines packages in R
(version 3.5.2; R Core Team (2018). R: A language and environment
for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. https://www.R-project.org/) softwares were used
for the statistical analysis.

Ethical approval
The study was approved by the Institutional Review Boards of

the participating Centres.

Results

Survey on fetal growth charts use

Twelve of the 14 referral centers answered the survey (86 %;
Supporting Information S1). Fig. 1 shows wide discrepancies in the
use of different fetal growth charts for biometric parameters
among centers. Of note, half of the centers (n = 6) use Nicolini
charts for BPD, HC and AC. [4] Nicolini charts do not provide
references for LF and EFW, implying the need to use different charts
for these parameters. The largest variability was hence observed
for FL and EFW.

Comparison of national and international fetal growth charts

The sonographic measurements of 7347 pregnant women, who
satisfied the inclusion and exclusion criteria, were considered for
metric parameters among 12 Italian referral centers.

https://www.R-project.org/


Table 1
Demographic and clinical characteristics of study population. IQR, interquartile
range.

N Median (IQR) or N (%)

Caucasian of European ancestry (%) 7347 6475 (91.8)
Maternal height (cm) 7347 165 (9)
Pre-pregnancy weight (kg) 7347 58 (11)
Nulliparous n (%) 7345 4721 (64.3)
Gestational age at delivery (weeks) 7347 39 (2)
Newborn length (cm) 5546 50 (2)
Newborn weight (g) 7347 3300 (520)

Fig. 2. Frequency distribution of carried out ultrasound scans.

Fig. 3. The figure represents computed percentiles of fetal head circumference (HC), abdo
study population. See Supporting Information (S4-S7) for numerical values of each per
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this cross-sectional study. Table 1 shows the demographic and the
clinical characteristics of mothers and newborns. The distribution
of ultrasound scans according to gestational age is represented in
Fig. 2.

Fig. 3 represents the 3rd, 5th, 10th, 90th, 95th and 97th
percentiles of HC, AC, FL and EFW calculated on observed values,
while BPD and numerical values are represented in Supporting
Information (S2-S7). Of note, in our cohort the BPD was measured
outer-to-inner, while the IG-21st methodology considered outer-
to-outer measurement. [7] This might be a source of methodologi-
cal bias and, thus, BPD was not further considered.

The percentages of fetuses with biometric measurements (HC
and AC) below the 10th percentile and above the 90th percentile of
each examined growth chart, for each gestational week, are shown
in Tables 2 and 3. Tables for LF and EFW are shown in Supporting
Information (S8-S9). Table 4 summarizes the proportion of all
biometric measurements below the 10th and above the 90th
percentile using each growth chart. Overall, the IG-21st growth
charts identified the smallest proportion of fetuses below the 10th
percentile and the largest proportion of fetuses above the 90th
percentile, respectively. The proportion of fetuses with HC, AC and
LF above the 90th centile was 29.9 %, 32.5 % and 46 %, respectively.
While the WHO growth charts seem to be the closest to observed
10th percentile, the proportion of fetuses above the 90th percentile
was also higher than expected for an appropriate distribution of
percentiles, but smaller compared with the IG-21st growth charts:
22.8 %, 21.3 % and 31.9 % for HC, AC and LF, respectively. The
comparisons between international growth charts and observed
percentiles are shown in the Supporting Information (S10-S15).
minal circumference (AC), femur length (FL) and estimated fetal weight (EFW) in the
centile.



Table 2
Percentage of fetuses with head circumference measurements below the 10th percentile and above the 90th percentile of considered fetal growth charts.

Gestational Age (week) N Intergrowth 21 Chart WHO charts Paladini charts Nicolini charts

10th pc 90th pc 10th pc 90th pc 10th pc 90th pc 10th pc 90th pc

14 21 4.8 81.0 4.8 71.4 4.8 23.8
15 81 0.0 63.0 0.0 61.7 0.0 3.7
16 171 0.0 51.5 0.0 46.2 0.0 1.2
17 122 2.5 34.4 1.6 34.4 5.7 18.0 2.5 0.0
18 50 4.0 52.0 4.0 50.0 6.0 36.0 4.0 0.0
19 278 0.4 49.6 0.4 49.3 1.4 31.3 0.7 1.4
20 897 0.9 41.6 0.9 35.9 3.9 16.1 2.2 1.5
21 561 2.3 21.2 3.2 17.3  8.6 7.3 5.5 0.4
22 155 3.9 21.3 5.8 11.6 12.3 7.7 7.7 3.2
23 72 11.1 22.2 12.5 18.1 13.9 12.5 12.5 18.1
24 84 2.4 25.0 4.8 13.1 8.3 8.3 4.8 2.4
25 110 1.8 26.4 2.7 17.3  2.7 13.6 2.7 6.4
26 161 4.4 23.0 5.0 13.7 5.0 11.2 5.0 5.6
27 179 3.4 34.6 5.0 14.5 5.0 14.5 4.5 6.2
28 232 1.7 27.2 6.9 13.8 6.0 13.8 2.2 7.3
29 249 4.0 31.7 7.2 20.5 4.0 18.5 2.0 15.7
30 621 0.8 30.8 1.6 18.0 0.8 14.5 0.5 11.6
31 930 2.4 26.9 3.7 16.2 2.0 14.1 2.0 12.7
32 660 4.7 20.8 4.7 12.4 2.9 11.4 2.7 10.9
33 399 6.8 22.1 7.8 17.0  4.8 16.5 4.8 16.5
34 298 6.0 15.8 6.0 9.7 3.4 7.7 4.4 7.7
35 212 7.1 16.0 6.6 13.2 4.3 6.6 6.6 6.6
36 204 4.4 14.2 4.4 8.8 3.4 8.3 8.8 7.4
37 210 5.2 14.8 9.5 11.9 4.3 11.0 10.5 7.1
38 150 7.3 16.0 11.3 10.7 5.3 11.3 16.0 6.7
39 116 6.9 7.8 13.8 2.6 6.9 5.2 21.6 2.6
40 70 7.1 15.7 37.1 7.1 5.7 14.3 40.0 5.7
Discussion

Our study shows that there is a wide discrepancy among Italian
referral centers regarding the fetal growth charts adopted for
Table 3
Percentage of fetuses with abdominal circumference measurements below the 10th pe

Gestational Age (week) N INTERGROWTH-21 st Chart W

10th pc 90th pc 1

14 21 4.8 76.2 4
15 82 1.2 75.6 0
16 172 0.6 55.2 0
17 121 3.3 38.0 2
18 51 2.0 56.9 2
19 279 0.4 62.0 0
20 899 0.1 49.6 0
21 560 1.3 35.2 3
22 157 2.6 35.7 7.
23 72 1.4 29.2 6
24 85 3.5 30.6 11
25 111 2.7 34.2 9
26 160 1.3 23.8 9
27 177 1.1 32.2 6
28 229 2.2 27.5 8
29 252 0.4 40.1 3
30 622 1.0 28.9 1.
31 927 1.0 28.7 2
32 659 2.7 19.0 4
33 397 5.8 21.9 7.
34 299 3.7 14.4 6
35 213 3.8 17.8 6
36 207 5.8 15.5 8
37 211 6.6 11.9 1
38 147 2.0 10.2 9
39 116 14.7 3.5 2
40 71 22.5 4.2 3
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clinical purposes. This heterogeneity provides sufficient evidence
to mandate actions in order to provide a recommendation by the
Italian Society of Ultrasound in Obstetrics and Gynecology (SIEOG)
regarding one set of fetal growth chart to be used nationally. For
rcentile and above the 90th percentile of considered fetal growth charts.

HO charts Paladini charts Nicolini charts

0th pc 90th pc 10th pc 90th pc 10th pc 90th pc

.8 61.9 4.8 9.5

.0 65.9 0.0 3.7

.0 45.9 0.6 4.1

.5 34.7 33.1 6.6 2.5 5.0

.0 47.1  21.6 3.9 2.0 3.9

.4 52.7 7.2 9.7 0.4 9.3

.9 34.9 7.1 5.5 0.1 6.8

.0 23.2 8.4 2.1 0.9 3.2
6 15.9 12.1 1.3 2.6 3.2
.9 16.7 6.9 6.9 1.4 6.9
.8 12.9 7.1 2.4 3.5 3.5
.0 15.3 4.5 2.7 2.7 6.3
.4 10.6 3.1 2.5 1.3 2.5
.2 14.1 1.1 6.2 1.1 9.6
.3 9.6 2.2 6.1 2.2 7.9
.2 17.9 0.0 9.5 0.8 11.9
8 13.5 0.5 9.8 1.0 10.3
.5 13.8 0.3 10.0 1.0 10.0
.4 10.3 1.4 10.3 2.7 8.0
6 12.6 1.8 13.9 5.8 11.3
.4 10.4 2.0 13.0 3.7 2.7
.6 9.9 1.4 20.7 3.8 12.2
.2 10.6 3.9 22.7 5.8 15.5
0.0 9.0 2.4 24.6 6.6 13.3
.5 3.4 0.0 29.3 1.4 14.3
5.0 1.7 7.8 30.2 14.7 11.2
6.6 0.0 12.7 28.2 22.5 8.5



Table 4
Summary of percentages of 7347 pregnant women with fetal biometric measure-
ments below the 10th centile or above the 90th centile using Intergrowth-21st,
WHO, Paladini and Nicolini charts, respectively.

<10th pc (%) >90th pc (%)

IG-21 WHO Paladini Nicolini IG-21 WHO Paladini Nicolini

HC 3.9 6.3 5.2 6.6 29.9 22.8 13.7 7.1
AC 3.6 7.2 6.2 3.5 32.5 21.3 11.6 7.9
LF 2.3 5.3 3.7 / 46 31.9 20.8 /
EFW 5.3 5.9 / / 25.5 23.7 / /
that reason an exploratory evaluation of the most commonly used
national and international fetal growth charts was undertaken. The
comparison of IG-21st [7], WHO [8], Paladini [5] and Nicolini [4]
growth charts in a large cohort of low-risk pregnant women with
uneventful singleton pregnancy showed that the IG-21st growth
charts tend to underestimate the proportion of fetuses with AC
below the 10th centile, while both IG-21st and WHO growth charts
tend to overestimate the proportion of fetuses above the 90th
percentile, although the effect was the highest for the IG-21st
growth charts.

The multicenter WHO Child Growth Standards were published
in 2006 [14] based on the assumption that all children have the
same growth under optimal nutritional and socio-economic
conditions, regardless of their ethnic origin. On this basis, two
multicentric multiethnic studies have been performed to provide
in-utero growth charts [7,8]. In the IG-21st project very strict
inclusion criteria were adopted, and the finding was that in an ideal
condition of health, nourishment, socio-economic and environ-
mental circumstances, all fetuses are of similar size, independently
of ethnicity [7]. Thus, the consortium proposed prescriptive
standards to be used globally. The recruitment criteria in WHO
were similar, but retained fetal, maternal and neonatal clinical
conditions [8]. The results provided by WHO consortium
demonstrated significant differences in fetal growth among
countries.

Certainly, the concept of “one size fits all” is appealing for many
reasons: there are available more than 80 fetal biometric charts
[15] and some are of questionable methodological quality; there is
a global internationalization process resulting in multi-ethnic
societies; and the definition of ethnicity sometimes might be
complex as in case of intermarriage. Nevertheless, concerns have
been raised both from a theoretical [16–18] and practical [17–22]
point of view, calling for attention and more rigorous evaluation
[23] before implementing new international growth standards
into clinical practice. Similar objections were recently raised for
international child growth standards, notwithstanding the fact
that they are widely adopted [24–26].

When we applied the IG-21st growth charts to our national
cohort the prevalence of large HC, AC and FL was two to three times
higher than expected. These findings are in line with other reports
from Norway [17], Netherlands [27], Greece [22] and France
[20,28]. Opposite to these findings, the IG-21st growth charts
yielded an over-estimation of small for gestational age fetuses in a
Chinese cohort [16]. In a prospective study, the same group
evaluated the EFW IG-21st and WHO growth charts in a Southern
Chinese population and found significant differences when
compared to local reference [19].

Reasons for these discordant findings might be the actual
variability of population characteristics, and criteria of recruitment
(ie population, prevalence of gestational diabetes, obesity, pre-
pregnancy undernutrition, etc). However, studies that considered
only low-risk population [17], similar to ours, and those that
applied strict IG-21st criteria to replicate the sample over which
6

the IG-21st growth charts were computed [17,20], found similar
differences in fetal growth, as such not explainable by “risk
factors”. Moreover, the strict application of IG-21st criteria
excluded 70–80 % of pregnant women both in Scandinavian and
French settings, questioning the applicability of these growth
charts [17,20]. Finally, the evolution in ultrasound imaging
technology might account for some of the differences in charts
built before or after the mid-20000s, but this has been proved for FL
measurements only [29].

Overall, these data suggest that there might be differences
linked to ethnic origin and not fully explained by maternal, socio-
economic or other methodological factors [2] as already suggested
by the NICHD [30] and WHO [8] groups. For these reasons, some
countries have not justified the change from local national or
regional growth charts to international standards [17,18,27].

The strength of our study is that it was based on a large sample
of ultrasound measurements obtained from a cohort of pregnant
women that are representative of all areas of our country. Although
this low-risk population did not completely fulfill the IG-21st
selection criteria, all pregnancies had uneventful obstetric and
neonatal outcome, including appropriate for gestational age
birthweight. Mothers had normal pre-pregnancy BMI, were free
from pre-pregnancy and/or antenatal diseases. Pregnancies
obtained by assisted reproductive technology were not excluded.
The limitation is that this was a historical cohort from routine
clinical examinations. Thus, there was no research protocol, and
training, blinding and quality control were not performed.
However, the measurements were performed by experienced
physicians according to ISUOG guidelines, in a setting that truly
reflects common clinical practice. Another limitation is that the
vast majority of measurements were performed at 20 and 30
weeks of gestation, as suggested by national screening protocols,
making other gestational periods less represented.

Conclusion

Our data suggest that, despite indisputable advantages that
international growth standards might offer, immediate applica-
tion into clinical practice might result into an under-diagnosis of
small for gestational age fetuses and, especially, in an over-
diagnosis of large for gestational age fetuses with major
consequences for clinical practice. On the other hand, existing
national growth reference charts lack crucial biometric param-
eters and centiles (EFW for Paladini, FL and EFW for Nicolini and
3rd and 97th centiles are not reported for both). This is of major
importance, if we consider that recent consensus criteria
suggested AC and EFW below the 3rd centile as independent
criteria for the diagnosis fetal growth restriction [31]. Whether
the differences observed have any clinically meaningful effect on
the prevention of adverse pregnancy outcomes, remains to be
determined. On these grounds, there is an urgent need for a
nationwide study for the prospective evaluation of international
growth charts and, if needed, the construction of methodologi-
cally robust national growth charts.
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