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¡ 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.)Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders
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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 

¡ Increased risk for neonatal 
death

¡ Symmetrical versus 
asymmetrical growth 
restriction
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TABLE 44-1. Smoothed Percentiles of Birthweight (g)
for Gestational Age in the United States
Based on 3,134,879 Singleton Live Births

Percentile

Age (wk) 5th 10th 50th 90th 95th

20 249 275 412 772 912
21 280 314 433 790 957
22 330 376 496 826 1023
23 385 440 582 882 1107
24 435 498 674 977 1223
25 480 558 779 1138 1397
26 529 625 899 1362 1640
27 591 702 1035 1635 1927
28 670 798 1196 1977 2237
29 772 925 1394 2361 2553
30 910 1085 1637 2710 2847
31 1088 1278 1918 2986 3108
32 1294 1495 2203 3200 3338
33 1513 1725 2458 3370 3536
34 1735 1950 2667 3502 3697
35 1950 2159 2831 3596 3812
36 2156 2354 2974 3668 3888
37 2357 2541 3117 3755 3956
38 2543 2714 3263 3867 4027
39 2685 2852 3400 3980 4107
40 2761 2929 3495 4060 4185
41 2777 2948 3527 4094 4217
42 2764 2935 3522 4098 4213
43 2741 2907 3505 4096 4178
44 2724 2885 3491 4096 4122

From Alexander, 1996, with permission.

 ■ Fetal Growth versus Birthweight
Most of what is known regarding normal and abnormal human 
fetal growth is actually based on birthweights that are assembled
as references for fetal growth at particular gestational ages. This 
is problematic, however, because birthweight does not define
the rate of fetal growth. Indeed, such birthweight curves reveale
compromised growth only at the extreme of impaired growth.
Thus, they cannot be used to identify the fetus who fails to 
achieve an expected size but whose birthweight is above the 10th 
percentile. For example, a fetus with a birthweight in the 40th
percentile may not have achieved its genomic growth potential
for a birthweight in the 80th percentile. The rate or velocity of y
fetal growth can be estimated by serial sonographic anthropom-
etry. For example, Milovanovic (2012) demonstrated that the
growth rate of intrinsically small-for-gestational age newborns
approximates that of appropriate-for-gestational age neonates.
Diminished growth velocity has been linked to perinatal mor-
bidity and adverse postnatal metabolic changes that are inde-
pendent of birthweight (Beltrand, 2008; Owen, 1997, 1998).
Conversely, an excessive fetal-growth velocity, particularly of 
the abdominal circumference—which may be correlated with
increased hepatic blood flow—is associated with an overgrown
neonate. This is especially true when detected earlier in preg-
nancy (Ebbing, 2011; Kessler, 2011; Mulder, 2010).

FETAL–GROWTH RESTRICTION

 ■ Definition
Low-birthweight newborns who are small for gestational
age are often designated as having fetal-growth restriction. In
1963, Lubchenco and coworkers published detailed compar-
isons of gestational ages with birthweights to derive norms
for expected fetal size at a given gestational week. Battaglia 
and Lubchenco (1967) then classified small-for-gestational-
age (e SGA) neonates as those whose weights were below the
10th percentile for their gestational age. Such infants were 

shown to be at increased risk for neonatal
death. For example, the neonatal mortality 
rate of SGA infants born at 38 weeks was 1
percent compared with 0.2 percent in those
with appropriate birthweights.

Many infants with birthweights < 10th per-
centile, however, are not pathologically growth
restricted, but are small simply because of nor-
mal biological factors. As many as 25 to 60 
percent of SGA infants are thought to be appro-
priately grown when maternal ethnic group, par-
ity, weight, and height are considered (Gardosi,
1992; Manning, 1991). These small but normal
infants also do not show evidence of the post-
natal metabolic derangements commonly asso-
ciated with deficient fetal growth. Moreover,
intrinsically SGA infants remain significantly 
smaller during surveillance to 2 years compared
with appropriate-for-gestational age neonates,
but they do not show differences in measures of 
metabolic risk (Milovanovic, 2012).
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FIGURE 44-2 Comparison of fetal-growth curves for infants born in different
regions of the United States and compared with those of the nation at large.
(Modified from Alexander, 1996.)

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders



¡ 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 (lagging 
abdominal growth compared to head growth)
¡ This type of growth restriction is usually the result of placental insufficiency.

SYMMETRIC VS ASYMMETRIC 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders



SYMMETRIC VS ASYMMETRIC 
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“BRAIN SPARING”

¡ Results from preferential shunting  of oxygen and nutrients to the brain à allows for 
normal brain and head growth

¡ Because of brain-sparing effects, asymmetrical fetuses are “protected” from the full 
effects of  growth restriction.

¡ These fetuses are at greater risk for intrapartum and neonatal complications

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders



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

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders



CAUSES OF FETAL GROWTH RESTRICTION
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in overgrown neonates of mothers with well-controlled diabe-
tes in pregnancy. Garcia-Flores (2011) also reported increased
fetal cardiac intraventricular septal thickness using sonography 
in women with well-controlled diabetes. Large-for-gestational 
age infants delivered of women without impaired glucose tol-
erance show higher insulin levels in childhood (Evagelidou, 
2006). Not surprisingly, fetal overgrowth has been associated 
with development of the metabolic syndrome even in child-
hood (Boney, 2005).

 ■ Accelerated Lung Maturation
Numerous reports describe accelerated fetal pulmonary matura-
tion in complicated pregnancies associated with growth restric-
tion (Perelman, 1985). One possible explanation is that the
fetus responds to a stressed environment by increasing adrenal 
glucocorticoid secretion, which leads to accelerated fetal lung 
maturation (Laatikainen, 1988). Although this concept per-
vades modern perinatal thinking, there is negligible evidence 
to support it.

To examine this hypothesis, Owen and associates (1990) 
analyzed perinatal outcomes in 178 women delivered because
of hypertension. They compared these with outcomes in 
infants of 159 women delivered because of spontaneous pre-
term labor or ruptured membranes. They concluded that a 
“stressed” pregnancy did not confer an appreciable survival 
advantage. Similar findings were reported by Friedman and
colleagues (1995) in women with severe preeclampsia. Two
studies from Parkland Hospital also substantiate that the pre-
term infant accrues no apparent advantages from fetal-growth
restriction (McIntire, 1999; Tyson, 1995).

 ■ Risk Factors and Etiologies
Risk factors for impaired fetal growth include potential 
abnormalities in the mother, fetus, and placenta. These three 
“compartments” are depicted in Figure 44-4. Some of these 
factors are known causes of fetal-growth restriction and may 

affect more than one compartment. For instance, infectious
causes such as cytomegalovirus may affect the fetus directly. 
In contrast, bacterial infections such as tuberculosis may have 
significant maternal effects that lead to poor fetal growth.
Malaria, a protozoal infection, possibly creates placental
dysfunction (Umbers, 2011). Importantly, many causes of 
diminished fetal growth are prospectively considered risk fac-
tors, because impaired fetal growth is not consistent in all 
affected women.

Constitutionally Small Mothers
It is axiomatic that small women typically have smaller new-
borns. If a woman begins pregnancy weighing less than 100
pounds, the risk of delivering an SGA infant is increased at
least twofold (Simpson, 1975). As discussed subsequently, 
both prepregnancy weight and gestational weight gain modu-
late this risk. Durie and colleagues (2011) showed that the risk 
of delivering an SGA neonate was highest among underweight
women who gained less weight than recommended by the
Institute of Medicine (Chap. 9, p. 177). Also, both maternal
and paternal size influences birthweight. In a Swedish study 
of 137,538 term singleton mother-father-child units, research-
ers estimated that the maternal and paternal birthweights 
explained 6 and 3 percent of variance in birthweight, respec-
tively (Mattsson, 2013).

Gestational Weight Gain and Nutrition
In the woman of average or low BMI, poor weight gain through-
out pregnancy may be associated with fetal-growth restriction
(Rode, 2007). In the study by Durie cited above, gestational
weight gain during the second and third trimesters that was less 
than that recommended by the Institute of Medicine was asso-
ciated with SGA neonates in women of all weight categories 
except class II or III obesity. Conversely, excessive gestational 
weight gain was associated with an overgrown newborn in all
weight categories.

As perhaps expected, eating disorders are associated with 
significantly increased risks of low birthweight and preterm
birth (Pasternak, 2012). This is discussed further in Chapter 61
(p. 1211). Marked weight gain restriction after midpregnancy 
should not be encouraged even in obese women (Chap. 9,
p. 177). Even so, it appears that food restriction to < 1500 kcal/
day adversely affects fetal growth minimally (Lechtig, 1975).
The best documented effect of famine on fetal growth was in
the Hunger Winter of 1944 in Holland. For 6 months, ther
German Occupation army restricted dietary intake to 500 
kcal/day for civilians, including pregnant women. This resulted
in an average birthweight decline of only 250 g (Stein, 1975).

It is unclear whether undernourished women may ben-
efit from micronutrient supplementation. In the study by the
Supplementation with Multiple Micronutrients Intervention
Trial (SUMMIT) Study Group (2008), almost 32,000
Indonesian women were randomized to receive micronutrient 
supplementation or only iron and folate tablets. Infants of those 
receiving the supplement had lower risks of early infant mortal-
ity and low birthweight and had improved childhood motor and 
cognitive abilities (Prado, 2012). Conversely, Liu and coworkers 
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FIGURE 44-4 Risk factors and causes of impaired fetal growth
centering on the mother, her fetus, and the placenta.
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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.

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders
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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. 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders



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 

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders
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involved 548 women between 24 and 36 weeks’ gestation with 
clinical uncertainty regarding delivery timing. Women were 
randomly assigned to immediate delivery or to delayed delivery 
until the situation worsened. The primary outcome was perina-
tal death or disability after reaching age 2 years. There were no 
differences in mortality rates through 2 years of age. Moreover, 
children aged 6 to 13 years did not show clinically significant 
differences between the two groups (Walker, 2011).

The DIGITAT—Disproportionate Intrauterine Growth
Intervention Trial at Term—was designed to study delivery 
timing of growth-restricted fetuses who were 36 weeks’ gesta-
tion or older. There were no differences in composite neona-
tal morbidity in 321 women with fetal-growth restriction and 
a gestational age of at least 360/7 weeks who were randomly 
assigned to induction or to expectant management (Boers,
2010). Secondary analyses included assessment of neurodevel-

opmental and behavioral outcomes that did not differ at age 
2 years (Van Wyk, 2012).

Management of the Near-Term Fetus
As shown in Figure 44-9, delivery of a suspected growth-
restricted fetus with normal umbilical artery Doppler velocim-
etry, normal amnionic fluid volume, and reassuring fetal heart
rate testing can likely be deferred until 38 weeks’ gestation. 
Said another way, uncertainty regarding the diagnosis should
preclude intervention until fetal lung maturity is assured. 
Expectant management can be guided using antepartum fetal
surveillance techniques described in Chapter 17. Most clini-
cians, however, recommend delivery at 34 weeks or beyond if 
there is clinically significant oligohydramnios. Consensus state-
ments by the Society of Maternal-Fetal Medicine (Spong, 2011) 
and the American College of Obstetricians and Gynecologists 

Suspected fetal-growth restriction < 38 weeks

< 24 weeks ≥ 24 weeks but  <  34 weeks ≥ 34 weeks but < 38 weeks

- Evaluate maternal status and
comorbidities

- Umbilical artery Doppler velocimetry
- Fetal testing—NST, BPPTT , etc.PP

Deliver if maternal
status indicates;
otherwise repeat
sonography every

3–4 weeks

Repeat sonography for fetal growth
every 3–4 weeks

Consider delivery if:
- Absent or reversed end-diastolic flow
- Oligohydramnios
- Nonreassuring fetal tracing
- Maternal status or obstetrical

indications necessitate delivery

If no indications for immediate delivery:
- Antepartum fetal surveillance—BPP, NSTPP , etc.TT
- Umbilical artery Doppler velocimetry weekly
- Amnionic fluid evaluation weekly

Fetal growth—continue
fetal surveillance until
38 weeks, then deliver

None or poor
growth—consider

delivery

- Evaluate maternal status and
comorbidities

- Umbilical artery Doppler velocimetry
- Fetal testing—NST, BPPTT , etc.PP
- Consider corticosteroids for lung

maturation

Repeat sonography for fetal growth
every 3–4 weeks

Consider delivery if:
- Reversed end-diastolic flow
- Nonreassuring fetal tracing
- Maternal or obstetrical indications

necessitate delivery

If no indications for immediate delivery,
begin antepartum fetal surveillance:
- Regular fetal testing
- Weekly umbilical artery Doppler velocimetry
- Weekly evaluation of amnionic fluid

None or poor
growth—consider

delivery

Fetal growth—continue
antepartum fetal
surveillance until

34 weeks, then begin
protocol for after

34 weeks (above)

FIGURE 44-9 Algorithm for management of fetal-growth restriction at Parkland Hospital. BPP = biophysical profile; NST = nonstress test.Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders



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 

¡ Antepartum fetal surveillance: periodic weekly doppler velocimetry (umbilical artery), 
sonographic assessment of fetal growth every 3-4 weeks, fetal heart rate tracings

Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman BL, Casey BM, Sheffield JS (eds).William’s Obstetrics 25th edition; 2014; chapter 44 Fetal Growth Disorders



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. 
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TABLE 44-1. Smoothed Percentiles of Birthweight (g)
for Gestational Age in the United States
Based on 3,134,879 Singleton Live Births

Percentile

Age (wk) 5th 10th 50th 90th 95th

20 249 275 412 772 912
21 280 314 433 790 957
22 330 376 496 826 1023
23 385 440 582 882 1107
24 435 498 674 977 1223
25 480 558 779 1138 1397
26 529 625 899 1362 1640
27 591 702 1035 1635 1927
28 670 798 1196 1977 2237
29 772 925 1394 2361 2553
30 910 1085 1637 2710 2847
31 1088 1278 1918 2986 3108
32 1294 1495 2203 3200 3338
33 1513 1725 2458 3370 3536
34 1735 1950 2667 3502 3697
35 1950 2159 2831 3596 3812
36 2156 2354 2974 3668 3888
37 2357 2541 3117 3755 3956
38 2543 2714 3263 3867 4027
39 2685 2852 3400 3980 4107
40 2761 2929 3495 4060 4185
41 2777 2948 3527 4094 4217
42 2764 2935 3522 4098 4213
43 2741 2907 3505 4096 4178
44 2724 2885 3491 4096 4122

From Alexander, 1996, with permission.

 ■ Fetal Growth versus Birthweight
Most of what is known regarding normal and abnormal human 
fetal growth is actually based on birthweights that are assembled
as references for fetal growth at particular gestational ages. This 
is problematic, however, because birthweight does not define
the rate of fetal growth. Indeed, such birthweight curves reveale
compromised growth only at the extreme of impaired growth.
Thus, they cannot be used to identify the fetus who fails to 
achieve an expected size but whose birthweight is above the 10th 
percentile. For example, a fetus with a birthweight in the 40th
percentile may not have achieved its genomic growth potential
for a birthweight in the 80th percentile. The rate or velocity of y
fetal growth can be estimated by serial sonographic anthropom-
etry. For example, Milovanovic (2012) demonstrated that the
growth rate of intrinsically small-for-gestational age newborns
approximates that of appropriate-for-gestational age neonates.
Diminished growth velocity has been linked to perinatal mor-
bidity and adverse postnatal metabolic changes that are inde-
pendent of birthweight (Beltrand, 2008; Owen, 1997, 1998).
Conversely, an excessive fetal-growth velocity, particularly of 
the abdominal circumference—which may be correlated with
increased hepatic blood flow—is associated with an overgrown
neonate. This is especially true when detected earlier in preg-
nancy (Ebbing, 2011; Kessler, 2011; Mulder, 2010).

FETAL–GROWTH RESTRICTION

 ■ Definition
Low-birthweight newborns who are small for gestational
age are often designated as having fetal-growth restriction. In
1963, Lubchenco and coworkers published detailed compar-
isons of gestational ages with birthweights to derive norms
for expected fetal size at a given gestational week. Battaglia 
and Lubchenco (1967) then classified small-for-gestational-
age (e SGA) neonates as those whose weights were below the
10th percentile for their gestational age. Such infants were 

shown to be at increased risk for neonatal
death. For example, the neonatal mortality 
rate of SGA infants born at 38 weeks was 1
percent compared with 0.2 percent in those
with appropriate birthweights.

Many infants with birthweights < 10th per-
centile, however, are not pathologically growth
restricted, but are small simply because of nor-
mal biological factors. As many as 25 to 60 
percent of SGA infants are thought to be appro-
priately grown when maternal ethnic group, par-
ity, weight, and height are considered (Gardosi,
1992; Manning, 1991). These small but normal
infants also do not show evidence of the post-
natal metabolic derangements commonly asso-
ciated with deficient fetal growth. Moreover,
intrinsically SGA infants remain significantly 
smaller during surveillance to 2 years compared
with appropriate-for-gestational age neonates,
but they do not show differences in measures of 
metabolic risk (Milovanovic, 2012).
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FIGURE 44-2 Comparison of fetal-growth curves for infants born in different
regions of the United States and compared with those of the nation at large.
(Modified from Alexander, 1996.)
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RISK FACTORS FOR FETAL OVERGROWTH
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Birthweight Distribution
Frequently, macrosomia is defined based on mathematical dis-
tributions of birthweight. Those 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. For example, the 90th percentile at 39 weeks is 
4000 g. If, however, birthweights that are 2 standard deviations
above the mean are used, then thresholds lie at the 97th per-
centile. Thus, substantially larger infants are considered macro-
somic compared with those at the 90th percentile. Specifically, 
the birthweight threshold at 39 weeks to be macrosomic would 
be approximately 4500 g for the 97th percentile rather than
4000 g for the 90th percentile.

Empirical Birthweight
Newborn weight exceeding 4000 g—8 lb 13 oz—is also a fre-
quently used threshold to define macrosomia. Others use 4250 g 
or even 4500 g—10 lb. As shown in Table 44-2, birthweights
of 4500 g or more are uncommon. During a 30-year period at
Parkland Hospital, during which there were more than 350,000
singleton births, only 1.4 percent of newborns weighed 4500 g 
or more. We are of the view that the upper limit of fetal growth,
above which growth can be deemed abnormal, is likely two stan-
dard deviations above the mean, representing perhaps 3 percent
of births. At 40 weeks, such a threshold would correspond to 
approximately 4500 g. The American College of Obstetricians
and Gynecologists (2013b) concluded that the term macrosomia
was an appropriate appellation for newborns who weigh 4500 g 
or more at birth.

 ■ Risk Factors
Some factors associated with fetal overgrowth are listed in
Table 44-3. Many are interrelated and thus likely are additive. 
For example, advancing age is usually related to multiparity and 
diabetes, and obesity is obviously related to diabetes. Koyanagi
and coworkers (2013) reported that the incidence of macroso-
mia exceeds 15 to 20 percent in Africa, Asia, and Latin America 
when women have diabetes, are obese, or have a postterm

TABLE 44-2. Birthweight Distribution of 354,509
Liveborn Infants at Parkland Hospital
between 1988 and 2012

Birthweight  
(g)

Births Maternal Diabetes

Number Percent Number Percent

500–3999 322,074 90.9 13,365 4
4000–4249 19,106 5.4 1043 5
4250–4499 8391 2.4 573 7
4500–4649 3221 0.9 284 9
4750–4999 1146 0.3 134 12
5000–5249 385 0.1 57 15
5250–5499 127 0.04 31 24
5500 or more 59 0.02 14 24

Total 354,509 15,501

Data courtesy of Dr. Don McIntire.

pregnancy. Of these, maternal diabetes is an important risk 
factor for fetal overgrowth (Chap. 57, p. 1129). As shown 
in Table  44-2, the incidence of maternal diabetes increases 
as birthweight > 4000 g increases. It should be emphasized,
however, that maternal diabetes is associated with only a small
percentage of the total number of such large infants.

 ■ Maternal and Perinatal Morbidity
The adverse consequences of excessive fetal growth are consid-
erable. Neonates with a birthweight of at least 4500 g have been 
reported to have cesarean delivery rates exceeding 50 percent
(Das, 2009; Gyurkovits, 2011; Weissmann-Brenner, 2012). 
The rate of shoulder dystocia has been reported to be as high 
as 17 percent for neonates with birthweights of at least 4500 g,
and 23 percent for neonates with birthweights of at least 5000 
g (Stotland, 2004). Rates of postpartum hemorrhage, perineal 
laceration, and maternal infection, which are related complica-
tions, are also increased in mothers delivering overgrown neo-
nates. Maternal and neonatal outcomes by birthweight for large 
babies > 4000 g and delivered at Parkland Hospital are shown 
in Table 44-4.

 ■ Diagnosis
Because there are no current methods to estimate excessive fetal 
size accurately, macrosomia cannot be definitively diagnosed until
delivery. Inaccuracy in clinical estimates of fetal weight by physi-
cal examination is often attributable, at least in part, to mater-
nal obesity. Numerous attempts have been made to improve the
accuracy of sonographic fetal-weight estimation. Several formulas 
have been proposed to calculate fetal weight using measurements
of the head, femur, and abdomen. Estimates provided by these
computations, although reasonably accurate for predicting the
weight of small, preterm fetuses, are less valid in predicting the 
weight of large fetuses. Rouse and coworkers (1996) reviewed 13 
studies completed between 1985 and 1995 to assess the accu-
racy of sonographic prediction for suspected fetal macrosomia. 
They found only fair sensitivity—60 percent—in the accurate 
diagnosis of macrosomia, but higher specificity—90 percent—in 
excluding excessive fetal size. Thus, sonographic estimation of 
fetal weight is unreliable, and its routine use to identify macroso-
mia is not recommended. Indeed, the findings of several studies 
indicate that clinical fetal-weight estimates are as reliable as, or
even superior to, those made from sonographic measurements 
(Mattsson, 2007; Noumi, 2005; O’Reilly-Green, 2000).

TABLE 44-3. Risk Factors for Fetal Overgrowth

Obesity
Diabetes—gestational and type 2
Postterm gestation
Multiparity
Large size of parents
Advancing maternal age
Previous macrosomic infant
Racial and ethnic factors
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DIAGNOSIS

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

¡ Uterine fundic height

¡ Sonographic measurement of fetal size 
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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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OUTLINE

¡ Fetal growth

¡ Fetal growth restriction

¡ Fetal overgrowth
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