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Basic Principles

Introduction
Normal fetal growth is usually defined as an estimated
fetal weight between the 10th and 90th centiles based
on population-specific birth weight centiles corrected
for gestational age at delivery, parity, and fetal sex.
So-called customized growth charts also correct for
maternal ethnicity, weight, and length [1]. Such defi-
nitions are based on the fact that both impaired and
excessive fetal growth result in an increased risk of
perinatal morbidity and mortality. Indeed, in small
for gestational age (SGA) fetuses, defined as a birth
weight below the 10th centile, there is an increased
risk of intrauterine fetal death across all gestational
ages [2,3] compared with non-SGA fetuses, with the
highest risk in infants with a birth weight below the
3rd centile [4]. Large for gestational age (> 90th cen-
tile, macrosomic) fetuses are at risk of labor complica-
tions and thus also of increased perinatal morbidity
and mortality [5,6]. However, with a focus on too
small or too big, it may be forgotten that the majority
of perinatal (and especially antepartum) deaths occurs
in fetuses with a “normal” weight. Moreover, the use
of population-based fetal growth charts assumes that
optimal size at birth for outcome is at the 50th centile.
In this chapter, optimal fetal growth/size for peri-
natal and long-term survival is reviewed in relation
to birth weight centiles at birth. The clinical conse-
quences are discussed.

Fetal Growth/Size and Short-Term
Perinatal Survival

Several studies have been conducted on perinatal
survival in relation to birth weight centiles. A study
conducted in Newcastle in the United Kingdom using
Z-scores for distribution of birth weight showed that
the lowest stillbirth rate and infant mortality occurred
in infants with a Z-score of +1, both between 1961-
80 and 1981-2000, a period over which the overall
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stillbirth rate fell in that region of the UK from 23.4 to
4.7 per 1,000, respectively [7]. In a larger nationwide
study in Norway, the lowest mortality was found for a
birth weight Z-score between +1 and +2 [8]. Similar
results were recently published from Australia [9] and
Scotland [10]. In the latter study regarding 780,000
births, the lowest antenatal mortality occurred in
fetuses with a birth weight in between the 90th and
97th centiles and in cases with unknown cause, ante-
natal hemorrhage, or maternal hypertensive disease.
In cases of maternal diseases, including diabetes,
the stillbirth rate was lowest in fetuses with a weight
around the 20th centile. In the most recent study from
The Netherlands, distribution of perinatal mortal-
ity according to birth weight centile and gestational
age was studied in more than 1 million births from
singleton pregnancies and non-malformed fetuses
between 28 and 43 weeks gestation [11]. There were
5,075 (0.43%) perinatal deaths. The highest mortal-
ity occurred in infants with a birth weight below the
2.3rd centile (25.4/1,000 births), and the lowest mor-
tality occurred in infants with birth weights between
the 80th and 84th centiles (2.4/1,000 births), accord-
ing to nationwide birth weight charts. Antenatal
deaths were lowest with birth weights between the
90th and 95th centiles. Data were almost identical
when analysis was restricted to infants born after 37
weeks or at 39-41 weeks only (Vasak et al.; Figure 1.1)
[11]. In term gestations, 63% of perinatal deaths and
61% of antepartum deaths occurred in infants with a
so-called normal weight between the 10th and 90th
centiles. The majority of perinatal deaths occurred
during the antepartum period (72%).

Data on cerebral palsy are also in line with the
mortality figures; the lowest prevalence of cerebral
palsy by Z-score of weight for gestation was found in
infants with a Z-score of +1 [12].

These studies indicate that optimal fetal weight
for intact perinatal survival occurs at a much higher
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Figure 1.1 Perinatal mortality according to birth weight centile
for babies delivered between 39 and 41 weeks' gestation in The
Netherlands during 2002-8.

centile than the 50th centile. In fact, perinatal mor-
tality of fetuses with a weight at the 50th centile is
34% higher than that of fetuses weighing in between
the 80th and 84th centiles [11]. The lower “opti-
mal weight” for intrapartum and neonatal survival
(80th-84th centile), as compared to that of antepar-
tum survival (90th-95th centile), may be explained
by intrapartum complications in infants at the high-
est birth weight centiles. Regarding antepartum sur-
vival, it may be concluded that “the bigger the better”
[8] and that most infants have a birth weight below
optimal for perinatal survival, which seems illogical
from an evolutionary perspective. However, mothers
also have to survive, and the relatively small pelvis
associated with bipedalism and the large human fetal
head constitute major obstacles for uncomplicated
childbirth. It may therefore well be that maternal
factors restrain fetal growth that is below optimal
for perinatal survival. In other words, a conflict takes
place between mother and fetus, with a compro-
mise as a result. Given the fact that during the whole
existence of mankind women have looked after their
offspring, such a compromise may have resulted in
a net benefit for the infants at the end. In develop-
ing countries, this can nowadays still be seen in the
poor survival of children whose mothers have died
during or directly after childbirth [13,14]. These
data also nicely fit with recent Doppler findings of
blood flow redistribution to the fetal brain. In a large
cohort of third trimester fetuses, it was shown that

the cerebro-placental ratio (CPR) increased progres-
sively with increasing fetal weight centiles whereby
signs of redistribution were only consistently absent
in cases of an estimated fetal weight > 90th cen-
tile [15]. The association between CPR and weight
centiles has recently been confirmed in another
study [16].

Fetal Growth and Long-Term Survival

The high birth weight (centile) favorable for peri-
natal survival is also associated with reduced risk
of later non-communicable disease. Studies on
the Developmental Origins of Health and Disease
(DOHaD) concept have shown that birth weight is
inversely related in a graded manner to risk of later
cardiovascular and cerebrovascular death [17-20]
and to impaired glucose tolerance and Type 2 dia-
betes [21]. Thus, in historical studies in the UK, the
lowest risks of adult cardiovascular disease (CVD)
were found in infants weighing around 4 kg at birth,
approximately the 90th centile at 40 weeks of ges-
tation [17,19]. A high birth weight, indicative of
absence of intrauterine growth restraint and result-
ing in a low perinatal mortality, therefore is also
favorable for long-term health.

Clinical Implications

Early stillbirths are generally SGA [3]. So at early ges-
tation, identification of SGA fetuses remains of utmost
importance. After approximately 32 weeks of gesta-
tion, the majority of stillbirths concerns appropriate
for gestation infants [3,11]. Identification of third tri-
mester (SGA) infants remains important since mor-
tality may be reduced when these fetuses have been
identified as being small [22,23] (see Chapters 22 and
23 of this volume). However, identification of infants
at risk of stillbirth who have a weight within the nor-
mal range may prove difficult. Factors to be assessed
may include:

a) Maternal characteristics. In a study from
Norway, it has been shown that being SGA
increases the risk for stillbirth sevenfold [24].
Other independent risk factors for stillbirth
were maternal age > 35 years (RR 4.1), maternal
body mass index > 25 (RR 4.7), and maternal
education < 10 years (RR 3.5). A combination
of risk factors resulted in a dramatic increase in
stillbirth risk. For instance, SGA in combination
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with maternal overweight resulted in an RR

of 71 (univariate analysis). Confidence limits
were large due to the relatively low number of
inclusions (95% CI: 14-350), but these data
indicate that a combination of risk factors may
increase detection of fetuses at risk. Such a

risk assessment might be made around 36-8
weeks, and if more than one of these variables is
abnormal, delivery may be indicated. However,
the latter policy has to be tested, preferably in a
randomized controlled study.

b) Uterine artery pulsatility index (UtA-PI). An
increased UtA-PI at 20 weeks of gestation has
been found to be associated with an Odds
ratio of 6.8 for third trimester stillbirth, after
correction for maternal weight, body mass
index, and smoking, with 50% of all stillbirth
cases occurring in the 10% with an abnormal
UtA-PI [25].

¢) Cerebro-placental ratio (CPR). In preterm SGA
fetuses, an increased PI in the umbilical artery
identifies those at highest risk for perinatal death
[26]. However, near term the diagnostic value of
this tool is limited and significant changes are a
late sign of impairment. However, subtle changes
may be detected by using the ratio between
middle cerebral artery and umbilical artery PI.
In SGA term fetuses, it was found that a reduced
CPR was associated with a poorer outcome than
in cases with a normal ratio [27]. In a high-risk
population of term fetuses, pH at delivery was
lower in cases with an abnormal CPR, both in
SGA and in normally grown fetuses [28]. This
suggests that the CPR might be used to identify
fetuses at risk of becoming hypoxemic, not only
in SGA, but also in fetuses with a weight within
the “normal” range. However, in a recent normal
population of more than 6,000 fetuses assessed at
around 36 weeks of gestation, no predictive value
of the CPR was found regarding caesarean section
for fetal distress, umbilical artery pH at birth,
or Apgar score [16]. Reduced CPR immediately
prior to delivery was associated with an increased
risk of delivery by emergency caesarean section
[29]. The value of the CPR in identifying the risks
of intrauterine death or asphyxia in normally
grown fetuses is therefore still uncertain.

d) Longitudinal fetal growth assessment. Single third
trimester measurements of fetal growth have not
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been capable of identifying third trimester SGA
reliably [30]. Detection of infants at risk with

a weight within the normal range may only be
possible by longitudinal growth assessment to
identify decreasing growth velocity. Such studies
are taking place at this moment.

e) Reduced fetal movements (RFM). RFM remain
an important sign of fetal compromise, given the
limited predictive values of the other assessment
techniques. RFM have been associated with
abnormal placental morphology [31]. A study
from Norway has shown that structured
information given to the mother at around
18 weeks of gestation on the importance of
RFM may result in a more than 50% reduction
of third trimester fetal deaths in nulliparous
women [32].

f) Integrated risk assessment. Identification
of fetuses at risk for intrauterine death is
difficult. On the one hand SGA fetuses should
be detected, and on the other hand the larger
group of apparently normally grown fetuses
at risk of dying in utero should be identified.

This will require integrated risk models,
including maternal characteristics (BMI, age,
socioeconomic situation), Doppler measurements
of the maternal and feto-placental circulation,
fetal growth assessment, and measurement of
biochemical markers of placental function. Most
likely a contingent screening is required (e.g., to
identify decreasing fetal growth velocity). Models
must be first exhaustively tested in the population
to which they will be applied, to obviate the risk
of unnecessary intervention.

Conclusions

Optimal fetal growth for perinatal and long-term
survival is a growth resulting in a birth weight in
between the 80th and 90th centiles. This implies that
the majority of infants will have a suboptimal fetal
growth. Evolutionarily, this may be explained by a
compromise between maternal survival, which will be
lower in large fetuses, and fetal survival. In the third
trimester of pregnancy, the majority of intrauterine
deaths occurs in fetuses with a weight within the nor-
mal range. Identification of the fetuses at risk will be
difficult and requires an integrated risk assessment
including sequential measurements.
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The majority of perinatal deaths occurs
in fetuses with a weight within the
normal range.

Optimal fetal growth for perinatal and long-
term survival is a growth resulting in a birth
weight in between the 80th and 90th centiles.

Identification of fetuses at risk, especially
those with a weight within the normal range,
remains difficult and requires an integrated
risk assessment including sequential
measurements.
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