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OUTLINE

¡ Fetal growth

¡ Fetal growth restriction

¡ Fetal overgrowth



FETAL GROWTH

¡ Fetal growth has been divided into three phases. 

¡ first phase of hyperplasia occurs in the first 16 weeks and 
is characterized by a rapid increase in cell number; fetal 
growth rate is 5 g/day at 15 weeks’ gestation

¡ second phase extends up to 32 weeks’ gestation, and  
includes both cellular hyperplasia and hypertrophy; fetal 
growth rate is 15 to 20 g/day at 24 weeks

¡ Third phase occurs after 32 weeks,  whereby fetal growth 
is by cellular hypertrophy à most fetal fat and glycogen 
are accumulated; fetal-growth rate is 30 to 35 g/day at 34 
weeks
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birthweight. Still, growth-restricted neonates do not typically 
show pathologically low glucose concentrations in their cord 
blood (Pardi, 2006). Fetal-growth restriction in response to 
glucose deprivation generally results only after long-term severe 
maternal caloric deprivation (Lechtig, 1975).

Excessive glycemia produces macrosomia. Varying levels of 
glucose affect fetal growth via insulin and its associated insulin-
like growth factors discussed earlier. The Hyperglycemia and 
Adverse Pregnancy Outcomes (HAPO) Study Cooperative 
Research Group (2008) found that elevated cord C-peptide
levels, which reflect fetal hyperinsulinemia, have been associ-
ated with increased birthweight. This relationship was noted 
even in women with maternal glucose levels below the thresh-
old for diabetes. Overgrowth does occur in the fetuses of eug-
lycemic women. Its etiology is thus likely more complicated 
than a paradigm of dysregulated glucose metabolism resulting 
in fetal hyperinsulinemia (Catalano, 2011).

Excessive transfer of lipids to the fetus has also been postu-
lated to result in fetal overgrowth (Higa, 2013). Free or non-
esterified fatty acids in maternal plasma may be transferred
to the fetus via facilitated diffusion or after liberation of fatty 
acids from triglycerides by trophoblastic lipases (Gil-Sánchez, 
2012). Generally speaking, lipolytic activity is increased in 
pregnancy, and fatty acids have been reported to be increased 
in nonobese women during the third trimester (Diderholm, 
2005). In obese women without diabetes who were fed a con-
trolled diet, neonatal adiposity was strongly linked both with
fasting triglyceride levels in early pregnancy and with free 
fatty acid levels at 26 to 28 weeks’ gestation (Harmon, 2011). 
Other studies have correlated maternal triglyceride levels with 
birthweight in both early and late pregnancy (Di Cianni, 
2005; Vrijkotte, 2011). Overgrown infants have higher pla-
cental levels of certain fatty acids, particularly omega-3, and
this has been associated with increased trophoblastic lipase 
expression (Varastehpour, 2006). Conversely, growth restric-
tion in the third trimester has been associated with decreased
maternal lipolysis (Diderholm, 2006). This may be related to 

dysregulation of the triglyceride lipase gene family, which has
been reported in placentas from pregnancies complicated by 
fetal-growth restriction (Gauster, 2007).

Amino acids undergo active transport from maternal blood 
to the fetus, which explains the normally higher fetal concen-
trations. This concentration differential is decreased in growth 
restriction because of lower fetal amino acid levels and higher 
maternal amino acid concentrations (Cetin, 1996). The etiology 
of this altered ratio is uncertain, but there are multiple points
at which dysregulation can occur. Amino acids that reach the
fetus must first cross the microvillus membrane at the mater-
nal interface, traverse the trophoblastic cell, and finally cross the 
basal membrane into fetal blood (Chap. 5, p. 92). This process 
is incompletely understood, particularly with respect to tropho-
blast metabolism of amino acids and export mechanisms from 
the trophoblast to the fetus. Jansson and colleagues (2013) have 
linked expression and activity of particular amino-acid transport-
ers at the microvillous membrane with increasing birthweight
and maternal body mass index (BMI). Expression of particular
amino acid efflux transporters has been positively correlated with
multiple measures of fetal and neonatal growth (Cleal, 2011).

 ■ Normal Birthweight
Normative data for fetal growth based on birthweight vary with
ethnicity and geographic region. For example, infants born to 
women who reside at high altitudes are smaller than those born
at sea level. Term infants average 3400 g at sea level, 3200 g 
at 5000 feet, and 2900 g at 10,000 feet. Accordingly, research-
ers have developed fetal-growth curves using various popula-
tions and geographic locations throughout the United States 
(Brenner, 1976; Ott, 1993; Overpeck, 1999; Williams, 1975).
Because these curves are based on specific ethnic or regional
groups, they are not representative of the entire population.

To address this, data such as those shown in Table 44-1
were derived on a nationwide basis in both the United States 
and Canada (Alexander, 1996; Kramer, 2001). Data from more 
than 3.1 million mothers with singleton liveborn infants in 
the United States during 1991 were used to derive the growth 
curve by Alexander and colleagues, colored red in Figure 44-2.
Also shown, the previously published regional fetal-growth 
curve data in general underestimated birthweights compared 
with national data. Importantly, there are significant ethnic and 
racial variations in neonatal mortality rates within the national
neonatal mortality rate and within national birthweight and
gestational age categories (Alexander, 1999, 2003).

The work of Alexander and associates (1996) is most accu-
rately termed a population reference, rather than a standard. Iams dd
(2010) emphasizes the problems that result from blending a pop-
ulation reference for fetal growth with a fetal-growth standard. A 
population reference incorporates pregnancies of varying risks, 
along with the resulting outcomes, both normal and abnormal.
In contrast, a standard incorporates normal pregnancies with d
normal outcomes. Because population references include preterm s
births, which are more likely to be growth restricted, it has been
argued that the associated birthweight data underestimate defi-
cient fetal growth (Mayer, 2013; Zhang, 2010). That said, there
is not a widely accepted standard for the United States.d
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FIGURE 44-1 Increments in fetal weight gain in grams per day
from 24 to 42 weeks’ gestation. The black line represents the 
mean and the outer blue lines depict ±2 standard deviations. 
Data from pregnancies managed at Parkland Hospital. (Image 
courtesy of Dr. Don McIntire.)
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FETAL GROWTH RESTRICTION

¡ Low birthweight newborns 
that are small for gestational 
age

¡ (SGA) neonates as those 
whose weights were below 
the 10th percentile for their 
gestational age 

¡ Symmetrical versus 
asymmetrical growth 
restriction



¡ Symmetrical growth restriction implies a fetus whose entire body is 
proportionally small. 

¡ Asymmetric growth restriction implies a fetus who is undernourished 
and is directing most of its energy to maintaining growth of vital organs, 
such as the brain and heart, at the expense of the liver, muscle and fat. à
normal head dimension but a small abdominal circumference 
¡ This type of growth restriction is usually the result of placental insufficiency.

SYMMETRIC VS ASYMMETRIC 



SYMMETRIC VS ASYMMETRIC 



SYMMETRIC VS ASYMMETRIC 

Symmetric

¡ Happens Early in utero

¡ Etiology: comgenital infections, genetic 
disorders

¡ Pathophysiology: impaired cell division, 
decreased cell number à irreversible

¡ Clinical features: inadequate growth of head 
and body; head:abdomen ratio is normal

¡ Prognosis: Poor

Assymmetric

¡ Later onset

¡ Etiology: uteroplacental insufficiency, maternal 
nutrition, hypertension

¡ Pathophysiology: impaired cellular hypertrophy, 
decreased cell size à reversible

¡ Clinical features: brain is spared à
head:abdomen ratio increased

¡ Prognosis: favorable prognosis



CAUSES OF FETAL GROWTH RESTRICTION



CAUSES OF FETAL GROWTH RESTRICTION

¡ Approximately 70 percent of fetuses with a birth weight below the 10th 
percentile for gestational age are constitutionally small8; in the remaining 30 
percent, the cause of IUGR is pathologic.

https://www.aafp.org/afp/1998/0801/p453.html


DIAGNOSIS OF FETAL GROWTH RESTRICTION

¡ definitive diagnosis frequently cannot be made until delivery. 

¡ Early establishment of gestational age, ascertainment of maternal weight gain, and 
careful measurement of uterine fundal growth throughout pregnancy will identify 
many cases of abnormal fetal growth in low-risk women. 



DIAGNOSIS OF FETAL GROWTH RESTRICTION

¡ Uterine fundic height

¡ Sonographic measurement of fetal size

¡ Amniotic fluid volume assessment

¡ Doppler velocimetry - early changes in placenta-based growth restriction are 
detected in peripheral vessels such as the umbilical and middle cerebral arteries. 
¡ Late changes are characterized by abnormal flow in the ductus venosus and fetal aortic and 

pulmonary out flow tracts and by reversal of umbilical artery flow. 

¡ abnormal umbilical artery Doppler velocimetry findings—characterized by absent or reversed end-
diastolic ow—have been uniquely linked with fetal-growth restriction 



MANAGEMENT



MANAGEMENT

¡ American College of Obstetricians and Gynecologists (2013a) recommends that 
pregnancies complicated by fetal-growth restriction and at risk for birth before 34 
weeks receive antenatal corticosteroids for pulmonary maturation 



FETAL OVERGROWTH

¡ infants exceeding the 90th percentile for a 
given gestational week are usually used as the 
threshold for macrosomia or large-for-
gestational age (LGA) birthweight. 

¡ newborns who weigh 4500 g or more at birth. 



RISK FACTORS FOR FETAL OVERGROWTH



DIAGNOSIS

¡ Identification of risk factors in the mother à
high index of suspicion

¡ Uterine fundic height

¡ Sonographic measurement of fetal size



MANAGEMENT

¡ Prophylactic labor induction

¡ Some clinicians have proposed labor induction when fetal macrosomia is suspected in nondiabetic 
women to obviate further fetal growth and thereby reduce potential delivery complications. à
should theoretically reduce the risk of shoulder dystocia and cesarean delivery. 

¡ current evidence does not support a policy for early labor induction before 39 weeks’ gestation or 
delivery for suspected macrosomia. Moreover, delivery or induction for suspected macrosomia at 
term is likewise not indicated. 

¡ Elective ceasarean delivery 

¡ the American College of Obstetricians and Gynecologists (2013b) does not recommend routine 
cesarean delivery in women without diabetes when the estimated fetal weight is < 5000 g. 

¡ in diabetic women with overgrown fetuses à CS is an option
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