
timely delivery, and prompt neonatal care [2, 8]. 
The traditional approach to identify pregnancies at high

risk of delivering SGA neonates is maternal abdominal pal-
pation or measurement of the symphysis-fundus height, but
the performance of such screening is poor, with a detection
rate of less than 30%. Ultrasound exams have increased the
capability to identify SGA or IUGR fetuses through biom-
etry and maternal Doppler [9], however still a large pro-
portion of SGA are unknown before birth [2, 10]. 

It would be useful to improve the SGA or IUGR devel-
opment prediction beginning from second trimester to in-
crease pregnancies’ surveillance in a limited population at
high risk of impaired fetal growth. The aim of the present
study was to evaluate the second trimester risk factors, in-
cluding fetal Doppler, to predict SGA and IUGR fetuses. 

Materials and Methods
In this observational retrospective clinical chart review study

the period between January 1st, 2007 and  December 31st, 2009
was considered. The authors included in the study all pregnancies
that presented a second trimester anomaly scan and that after gave
birth in the present center. Indeed, they included all adequate for
gestational age (AGA), SGA , and IUGR fetuses. They excluded
all pregnancy-related hypertensive disorders, chronic hyperten-
sion, fetal malformations known at birth, twin pregnancies, large

Introduction

Suboptimal intrauterine growth occurs in approximately 
5-10% of pregnancies and it is often referred to intrauter-
ine growth restriction (IUGR) or small for gestational age 
(SGA) in an inconsistent and confusing manner. This in-
consistency in terminology leads to uncertainties regarding 
management, surveillance of these pregnancies, and time 
of the delivery [1, 2]. IUGR is a pathological condition in 
which fetuses cannot achieve full in utero growth potential. 
A possible cause of IUGR, when not attributable to struc-
tural or genetic defects of the fetus, is placental insuffi-
ciency and placental senescence [3, 4]. Low birth weight 
is one of the most important determinants of neonatal mor-
bidity and mortality, and many studies suggest that is asso-
ciated with metabolic syndrome development in adult life 
[5, 6]. Also among the SGA with a constant fetal growth 
trajectory during gestation, there could be a suboptimal in-
trauterine growth with an increased incidence of negative 
outcomes [2, 7]. However, SGA generally are associated 
with only a slight increase in perinatal mortality and mor-
bidity in comparison to normally grown fetuses, while 
IUGR fetuses have an elevated risk of perinatal mortality 
and morbidity. In both cases negative outcome could be re-
duced if identified prenatally, through close monitoring,
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Summary
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for gestational age (LGA) fetuses, and all SGA without a known
sonography before delivery to confirm IUGR. Furthermore, clin-
ical information (up to maternal discharge from the hospital) were
gathered from the clinical database of Obstetrics and Gynecology
Clinic. This study was approved by the internal review board and
it was in accordance with Helsinki Declaration, and followed the
dictates of the general authorization to process personal data for
scientific research by the Italian Data Protection Authority. Preg-
nancy and maternal information considered were the following:
maternal age, parity, macro-region of origin, mode of conception,
gestational age at delivery, pregnant admissions in hospital over
childbirth, mode of labor, and mode of delivery. Neonatal data
taken into account were the following: neonatal weight, sex, pla-
cental weight, Apgar score at the first and fifth minutes, IUGR,
SGA, neonatal cardio-pulmonary resuscitation (CPR), admission
to neonatal intensive care unit (NICU), and intrauterine death. The
authors defined the macro-regions of origin as previously stated
(first Italy and Western Europe that encompasses European Union
before 2004, Switzerland, Norway, and Iceland, second Eastern
Europe, third Asia that included Nepal, Bangladesh, Bhutan,
North, Central, East and Southeast Asia, fourth Arabian countries
that included North Africa, Southwest and South Asia (excluding
Nepal, Bangladesh, and Bhutan), fifth Sub-Saharan Africa, and
sixth other countries) [11]. 

The gestational age at delivery was taken in consideration as a
continuous value. The authors considered pregnancy-related hy-
pertensive disorders: pre-eclampsia (a systemic diastolic blood
pressure greater than or equal to 90 mmHg or a systolic blood
pressure greater than or equal to 140 mmHg, in association with
a proteinuria (loss of proteins in the urine greater than or equal to
0.3 grams of protein in the collection of 24 hours), gestational hy-
pertension (hypertension in the absence of proteinuria), and pre-
ecplampsia arising in a patient with preexistent chronic hyper-
tension [12, 13]. Mode of labor was considered as follows: med-
ically induced, spontaneous, or augmented by oxytocin. Placental
index was considered as previously stated (the ratio between pla-
cental and the fetal weight) [11]. The SGA neonates were consid-
ered as previously stated all infants with a weight below the 10th

centile [11]. LGA were defined as a weight above the 90th centile,
and AGA were considered between the 10th and the 90th centiles
[11]. 

IUGR was defined as a sonographically estimated fetal weight
below the 10th centile in relation to gestational age and a umbili-
cal artery pulsatility index (PI) greater than two standard devia-
tions from the mean [14]. In addition neonatal weight multiple of
the median (MoM) was calculated as previously stated: neonatal
weight/50th centile of neonatal weight at the same gestational age
adjusted per neonatal sex [15]. Intrauterine fetal demise was de-
fined as the intrauterine cessation of heartbeat after the 22nd ges-
tational week [16].

Statistical analysis was performed using the program R (ver-
sion 3.2.3) and was considered as significant a p-value < 0.05.
The distribution normality was assessed by Kolmogorov-Smirnoff
test. Data were presented by mean (± standard deviation) or me-
dian and interquartile range (IQR). A specified reference value
and 95% confidence interval (CI) were also used [e.g., odds ratio
and 95% CI or area under the curve (AUC) and 95% CI]. 

The missing values were considered as NA. During the analy-
sis the authors used the following statistical tests: in case of cate-
gorical variables chi-square or Fisher’s exact test; in the case of
continuous variables t-test, one way ANOVA, Wilcoxon test or
Kruskal-Wallis test. The authors performed also multivariate lo-
gistic regression analyses. In multivariate logistic regression
model, the development of IUGR or SGA were considered as the
dependent variables, whereas clinical information and feto-ma-
ternal Doppler data at 20 weeks of gestation were considered as
as independent variables. Moreover, in the initial multivariate
model, all factors (that had a p-value < 0.300 in univariate analy-
sis) and their interactions were considered in a single analysis, ex-
cept when the interaction term was non-significant (in which case
they analyzed the no-interaction model). The final multivariate
models were selected by a stepwise analysis. Finally, the model
performance was assessed by the area under the receiver operat-
ing characteristic (ROC) curve with the relative 95% CI. 

Figure 1. — Receiver operating characteristic (ROC) curve of the
multivariate prediction model for SGA; AUC is 64% (CI.95 60-
68%). 

Figure 2. — Receiver operating characteristic (ROC) curve curve
of the multivariate prediction model for IUGR; AUC is 72% (CI
95 58-87%). 
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Results

The study reviewed clinical charts of 5,390 pregnancies,
4,071 pregnancies met the inclusion and did not meet the
exclusion criteria. The authors included in the study 3,913
AGA, 145 SGA, and 13 IUGR. They excluded 1,319
women because of pregnancy-related hypertensive disor-
ders, LGA, SGA with unknown Doppler data before deliv-
ery to confirm IUGR, twin pregnancies, fetal malform-
ations, or chronic hypertension. They found IUGR to be de-
livered significantly earlier than SGA and AGA (Table 1).
Moreover, they found a higher prevalence of nulliparity in
SGA and IUGR fetuses than AGA ones (84.62% in IUGR
and 68.28% in SGA), and a significant higher prevalence of
bilateral notch in SGA than AGA. IUGR presented a sig-
nificantly higher placental index than SGA and AGA. SGA
fetuses at 20 gestational weeks presented a significant
higher value of umbilical artery PI (1.26 vs. 1.19) and mean
uterine arteries resistance index (RI) than AGA (0.59 vs.
0.55). Finally, IUGR fetuses presented a significantly
higher placental index than SGA and AGA (0.22 versus
0.18-0.19) (Table 1). Multivariate regression analysis
demonstrated that maternal age, nulliparity, academic title,
PI of umbilical artery at 20 gestational weeks, mean RI of
uterine arteries at 20 gestational weeks, and bilateral notch
were the second trimester factors to predict SGA at deliv-
ery (Table 2 and Figure 1). In particular nulliparity, PI um-
bilical artery at 20th gestational week and mean RI uterine
arteries (20 weeks) were significantly associated with the
risk of delivering a SGA neonate. There was a correlation
between bilateral notch (20 weeks) of uterine arteries and
the risk of delivering a SGA neonate even if this was not
statistically significant (p = 0.054). Nulliparity was a risk
factor also for delivering a IUGR neonate (p < 0.05) (Table
3 and Figure 2). Othersmost predictive factors to forecast at
20 gestational weeks the development of IUGR neonates
were maternal age and bilateral notch of uterine arteries
that had a 0.072 and 0.219 p-value, respectively (Table 3

and Figure 2). 

Discussion

To discover elements in pregnancy that can help to pre-
dict a pathological fetal outcome is an hot topic. Ultrasound 
monitoring is an important source that may reveal signals 
of suspicion in pregnancy, especially when it is enriched 
with medical history and information about pregnancy. 

This study was conducted with the aim to correlate the 
medical history of patients with ultrasound measurements 
detectable in the second trimester of pregnancy, alone or in 
combination, in order to discover elements of suspicion that 
could help to predict SGA and IUGR fetuses, that may have 
severe problems in pregnancy and during labour. 

The present results confirm that actually the second-
trimester assessment did not detect term SGA with high ac-
curacy according to the current available literature. 
However the present findings suggest that integrating ma-
ternal demographics, fetal biometry, and maternal and fetal 
Doppler assessment could be useful to discover early a 
group at risk in developing SGA fetuses. Previous studies 
investigated the role of the second-trimester parameters to 
estimate the risk for SGA neonates. Recently, Lesmes et al.
[17], first described a combined screening by maternal 
characteristics and history with fetal biometry at 19–24 
weeks that could predict 76%, 55%, and 38% of SGA < 
5th delivering at < 32, at 32–36, and > 37 weeks of 
gestation, respectively, at a 10% false-positive rate. 
However, Doppler parameters were not included in this 
study. Later, Lesmes et al. [9] integrated maternal factors, 
fetal biome-try with maternal Doppler at 19-24 weeks of 
gestation, and this increased the accuracy of SGA 
detection rate than their previous study; indeed they 
predicted 90%, 68%, and 44%of SGA < 5th neonates 
delivering < 32, 32–36, and ≥ 37 weeks’ gestation, at a 
10% false-positive rate. However the performance of 
combined screening for SGA in the second trimester was 
poorer than in the third. 

Table 1. — Description of the population.
AGA (3913) IUGR (13) SGA (145) p

Maternal age at delivery (years) 31.92 (±5.48) 33.77 (±6.04) 31.32 (±6.22) NS
Nulliparity 53.00% (2074/3913) 84.62% (11/13) 68.28% (99/145) 1,2
Sub-Saharan-African origin 4.02% (157/3902) 0.00% (0/13) 10.34% (15/145) 2
Neonatal weight (grams) 3259.30 (±514.02) 1284.69 (±670.07) 2546.76 (±427.32) 1,2,3
Neonatal weight MoMs 1.01 (±0.08) 0.73 (±0.14) 0.78 (±0.08) 1,2
Placental weight (grams) 584.30 (±111.68) 276.92 (±118.11) 479.70 (±96.69) 1,2,3
Placental index 0.18 (±0.04) 0.22 (±0.04) 0.19 (±0.05) 1,2,3
Apgar score 1st minute 8.10 (±1.27) 5.85 (±1.68) 7.87 (±1.41) 1,3
Apgar score 5th minute 8.87 (±0.81) 7.46 (±0.97) 8.79 (±1.05) 1,3
Gestational age at delivery (weeks) 38.67 (±2.38) 31.54 (±3.78) 38.57 (±1.73) 1,3
PI umbilical artery (20 weeks) 1.19 (±0.19) 1.38 (±0.42) 1.26 (±0.21) 2
Mean RI uterine arteries (20 weeks) 0.55 (±0.09) 0.69 (±0.28) 0.59 (±0.11) 2
Bilateral notch (20 weeks) 2.25% (88/3913) 7.69% (1/13) 7.59% (11/145) 2
The values reported in this Table refers to mean ±standard deviation or percentage and absolute values and the p-values refer to t-test, Chi-square test, or Fisher
exact test. Significant differences between: (1) AGA vs. IUGR, (2) AGA vs. SGA, and (3) IUGR vs. SGA. NS = non-significant.
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In the present study despite the mean gestational age of 
SGA population, delivery was 38.57 weeks (±1.73); the 
authors’ model including fetal Doppler presented an AUC 
of 64% (CI 95 60-68%). Even Familiari et al. identified al-
most 90% of SGA fetuses by the use of fetal biometry, mid-
gestational UtA Doppler, maternal demographic character-
istics and scheduling further ultrasound assessment [18]. 
Interestingly, also the present results showed that integrat-
ing maternal demographic parameters with ultrasound find-
ings in the second-trimester is useful to predict pregnancies 
at risk to develop SGA fetuses. In particular, with the pre-
sent study it was found that the second trimester factors to 
predict SGA at delivery were: maternal age, nulliparity, 
academic title, PI of umbilical artery at 20 gestational 
weeks, mean RI of uterine arteries at 20 gestational weeks, 
and bilateral notch. Especially, the authors found a signifi-
cant role of fetal Doppler, and not only maternal Doppler, 
to predict the risk of developing SGA at term already at 20 
weeks of gestation. In case of IUGR, the most predictive 
factors were: maternal age, nulliparity, and bilateral notch 
at 20 gestational weeks. 

The major limitation of this study is the retrospective de-
sign and the limited number of IUGR fetuses in the con-
sidered population. Instead the strengths of this study are an 
uniform management of all pregnancies by a team of ob-
stetricians following the same obstetrical policies. 

The present study provides evidence that clinical inter-
view and sonographic examination at 20 gestational weeks 
were capable to predict fetal growth potential. In particular 
the authors found fetal Doppler in addition to maternal 
Doppler at 20 weeks gestation to be useful to predict SGA 
development at term of pregnancy. Therefore, the present 
data suggest to improve actual forecasting algorithms to 
add fetal Doppler in future studies with the aim to predict 
SGA development.
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