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ABSTRACT

The fetal growth normally depends on sufficient delivery of oxygen and nutrients mainly via the placenta. Inadequate
fetal nutrition may result in poor development and adaptation that permanently alter the fetus' metabolism and physiol-
ogy. Intrauterine Growth Restriction is defined as a deviation on the fetal growth pattern. An estimated fetal weight (EFW)
that is below the 10th percentile for gestational age is commonly used to describe fetal growth restriction. Usually ob-
tained sonographically, there is evidence that ultrasound imaging of the uterine artery, middle cerebral artery, and fetal
umbilical artery during the late third-trimester (approximately 35-37 weeks) significantly improves the detection and di-
agnosis of IUGR. In obstetrics, an increased risk of perinatal mortality and morbidity is associated with the diagnosis of
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umbilical artery Doppler, pulsatility index

INTRODUCTION

IUGR or Intrauterine Growth Restriction is de-
fined as an obstetric condition where the fetal
growth is below normal (fetal weight is estimated
below the 10th percentile for its gestational age)
commonly associated with high risk of stillbirth and
perinatal morbidity and mortality. The American
Congress of Obstetricians and Gynecologists (ACOG)
recommends this definition, however, various glob-
al definitions include estimation of fetal weight cut-
off values below the fifth and third percentiles [1,2].

It affects 5-10% of pregnancies, being the second
most common cause of perinatal death and over
30% of stillbirths. Intrauterine growth restriction in-
creases the likelihood of perinatal morbidity and
mortality as well as long-term health problems in
adults that include cardiovascular or endocrine dis-

eases as well as impaired neurological and cognitive
development. Due to constitutional factors like eth-
nicity, approximately 70% of fetuses are classified as
weighing below the 10th percentile. We must differ-
entiate fetal growth restriction of small-for-gesta-
tional age. Small-for-gestational-age includes
healthy but constitutionally small fetuses with a
lower risk of abnormal perinatal outcomes in addi-
tion to those with true fetal growth restriction [3].

METHODS

As part of this descriptive review, studies pub-
lished in the last 10 years were gathered from Pu-
bMed and NCBI database. Studies were searched
using keywords such as intrauterine growth restric-
tion (IUGR), growth retardation, fetal growth, small
for gestational age (SGA), symmetrical IUGR, asym-
metrical IUGR, placental insufficiency, umbilical ar-
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tery Doppler and pulsatility index to analyze the
most common causes as well as evaluate this condi-
tion. This article aims to highlight the crucial role of
ultrasound in the prompt diagnosis of IUGR and
management of this condition.

RESULTS

Intrauterine growth restriction vs small for gestational
age

Genetics, nutrition, and intrauterine conditions
all have an impact on growth. The risk of neonatal
pathology can be determined using growth parame-
ters and gestational age. The growth parameters
that are measured at birth aid in predicting future
growth, development, and the risk of diseases [4].

The terms IUGR and small for gestational age
(SGA) have been used synonymously in medical lit-
erature, but with small differences between them.

The term small-for-gestational-age has been used
for those infants whose birth weight is below the
10th percentile for that particular gestational age or
two standard deviations below the population
norms on the growth charts, which are not affected
by IUGR, normally with a good perinatal prognosis.
SGA only provides a measure of size, using the Fen-
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ton growth charts and not a direct measure of ante-
natal growth quality, providing a more precise as-
sessment of growth vs gestational age. The
parameters are length, weight, and head circumfer-
ence, with separate charts for boys and girls, as it
can be seen in the chart below, Figure 1 [1].

The growth of the fetus, as well as the function of
the placenta, depends on the maternal factors (such
as the maternal health status, nutritional status,
smoking or drug use). Fetal growth restriction (FGR)
is commonly associated with placental insufficien-
cy, in which the fetus cannot reach its intrinsic
growth potential because of impaired placental
function. There are many types of placental lesions
that may cause placental-related FGR, including
poor remodeling of the uterine spiral arteries dur-
ing early pregnancy, leading to maternal vascular
malperfusion, as it can be observed in Figure 2 [5,6].
Size of the placenta directly affects nutrient transfer
through surface area changes [7].

Doppler assessment

The umbilical artery carries nutrient-depleted
blood from fetal circulation to the placenta. The pul-
satility index is a parameter used in Doppler assess-
ment and can be calculated by dividing the peak
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FIGURE 2. Placental involvement in fetal growth restriction

systolic velocity minus the end-diastolic velocity by
the time-averaged velocity (PI = (PSV - EDV) / TAV)
[6].

The normal pulsatility index in Doppler finding
is usually under 95%. It can be elevated (>95%), or it
can have an absent or reversed end-diastolic blood
flow. The pulsatility index increases when there is
decreased end-diastolic flow due to reduced placen-
tal perfusion and utero-placental insufficiency as
seen in IUGR. Pregnancies with IUGR that associate
an abnormal pulsatility index on the umbilical ar-
tery can be associated with increased risk of adverse
perinatal outcomes [1].

A fetus with severe growth restriction first has
decreased end-diastolic flow in the umbilical artery
and then has increased end-diastolic flow in the
middle cerebral artery, as shown in Figure 3. Fol-
lowing this, there are changes in the venosus circu-
lation, such as pulsatile flow in the umbilical vein
and decreased forward flow in the ductus venosus
during atrial systole. For IUGR the most reliable di-
agnostic tool next to UA-PI is the MCA-PI, also used
as a noninvasive procedure in detecting fetal ane-
mia [8,9].

Hormal umbifical artery wave form
LA -P1 {<85%)

Elevated LA -P1 {(>85%) wave form

Absent end-diastolic blood flow

Reversed end-diastolic blood fMlow

FIGURE 3. Umbilical artery Doppler evaluation.

However, according to studies, the strongest
Doppler parameter for predicting the short-term
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risk of fetal death in early-onset FGR is the Ductus
Venosus Doppler when flow waveforms only be-
come abnormal in the advanced stages of fetal com-
promise. A growth-restricted fetus’s hemodynamic
status can be assessed using Doppler ultrasound of
the ductus venosus and middle cerebral artery, but
its clinical value has not yet been established
[2,4,10].

Some studies suggest that a decrease in PI of the
anterior cerebral artery maximizes cerebral perfu-
sion in fetuses with impaired growth, suggesting
that the may be a better predictor of the brain spar-
ing effect [8].

Growth restriction occurs naturally in two types,
one with an early onset and one with a late onset,
which has its own biochemical, histological, and
clinical characteristics. Due to its association with
maternal hypertensive disorders, pattern of deterio-
ration, and severity of placental dysfunction, early
onset FGR differs from late-onset FGR. The obstetri-
cian faces a serious dilemma when making the diag-
nosis of early onset FGR because of the clinically
obvious fetal and maternal manifestations. The fe-
tus must be delivered in order to address the issue
of the deprived environment. Necrotizing entero-
colitis, respiratory distress syndrome, and neonatal
death are all prematurity-related complications that
can occur during delivery [7].

The early onset form is often diagnosed with ab-
normal umbilical artery Doppler and often is associ-
ated with preeclampsia, whereas the late onset form
has a weaker association with preeclampsia, is more
prevalent, and exhibits less change in umbilical flow
patterns [4,5]. In early-onset IUGR, end-diastolic ve-
locities are absent or reversed, and they are observed
about one week before acute deterioration. In addi-
tion to 40 percent of fetuses with acidosis showing
this umbilical flow pattern, a recent series of severely
compromised IUGR fetuses suggests that such a find-
ing can be used to predict perinatal mortality and
morbidity independently of gestational age [4].

Unlike abnormal umbilical artery Dopplers that
are associated with adverse perinatal and neurode-
velopmental outcomes, small fetuses with normal
umbilical artery Doppler represent one end of the
normal-size spectrum, and the need to treat them
differently from true IUGR babies who had been
stressed.

Types of IUGR

The placenta is a crucial organ for the develop-
ment and health of the fetus. A decrease in maternal
blood flow to the growing fetus results from either
maternal or fetal vascular compromise in the pla-
centa, process that can lead to IUGR [11].

Normally there are two different types of IUGR
as shown in Table 1:



150

TABLE 1. Types of IUGR [6,8,12]
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>

PRIMARY IUGR or SYMMETRIC IUGR

SECONDARY IUGR or ASYMMETRIC IUGR

Characterized by the entire body being proportionally
small and all internal organs being reduced in size. It
accounts for 20% to 25% of all cases of IUGR.

Characterized by the head and brain being normal
in size, but the abdomen is smaller, evident until the

Characteristics

third trimester, due to decreased liver size, scrawny
limbs because of decreased muscle mass and thinned
skin because of decreased fat.

Period Earlier gestation Later gestation
Incidence 20-30% 70-80%
Etiology Genetic disorders or infection Utero-placental insufficiency

BPD, HC, AC and FL All proportionally reduced

AC decreased
BPD, HC and FL are normal

Cell number and size | Reduced and Normal

Normal and Reduced

Ponderal Index Normal (more than 2)

Low (less than 2)

Anthropometry
(weight, length and
HC)

Reduction in all parameters

Reduction in weight and length
Head circumference is normal (brain sparing growth
effect)

Difference between
head and chest
circumference

Less than 3 cm

More than 3 cm

Malnutrition features | Less pronounced

More pronounced

Prognosis Poor

Good

Some studies manage to classify FGR into types I,
I, and III by utilizing the head circumference to ab-
dominal circumference (HC/AC) ratio to distinguish
between symmetrical or proportionally small fetus-
es and asymmetrical fetuses, or those with a dispro-
portionately slower growth of AC [3].

There is a frequent epidemiologic distinction be-
tween early-onset and late-onset FGR. Early onset
FGR is far less common (0.5-1%) than late onset FGR
(5%-10%), but it has a much greater clinical impact
because of the high mortality and morbidity inci-
dence [5].

In order to assess intrauterine growth-restricted
fetuses, fetal biometry is measured including ex-
pected fetal weight [EFW], abdominal circumfer-
ence [AC], and Doppler cardiovascular changes. Ad-
ditionally, amniotic fluid volume is measured as
well as clinical parameters. For each IUGR fetus the
amniotic fluid index will be either AFI <5 cm or AFI
>5 cm. It applies to all pregnancies regardless of ges-
tational age. The classification includes as shown in
Table 2 [6].

The inability of a fetus to grow to its full potential
is known as late-onset fetal growth restriction and is
diagnosed after 32 weeks of pregnancy. Late-onset
fetal growth restriction is associated with an in-

TABLE 2. Stages of IUGR [6]

EFW or an AC Doppler (UA and MCA)
Stage 0 | <10th percentile | normal
Stage | |<10th percentile |abnormal
., | absent or reversed Doppler flow
Stage Il | <10th percentile of the UA
., | absent or reversed Doppler flow
Stage lll | <10th percentile of the DV

creased risk of short- and long-term adverse out-
comes, including hypoxemia and mild neurodevel-
opmental delay, in comparison to fetuses that are
normally grown, despite the fact that the burden of
perinatal complications is lower in late-onset dis-
ease than in early-onset disease. Some findings
show that approximately one third of pregnancies
complicated by late-onset growth restriction result
in adverse perinatal outcomes [13].

A major perinatal risk factor for neurodevelop-
ment is preterm birth. According to a meta-analysis,
children with IUGR had worse cognitive function
for the first 12 years of their lives. Those with IUGR
and SGA had significantly lower cognitive scores
than those with AGA (appropriate for gestational
age) [14].
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Etiology and early detection

Four biometric measures are typically used to
detect fetal growth: 1) biparietal diameter, 2) head
circumference, 3) abdominal circumference, and 4)
femur length. Those biometric measures are added
together to calculate an estimated fetal weight.
When umbilical artery Doppler velocimetry is add-
ed to conventional antepartum testing in the pres-
ence of fetal growth restriction, the incidence of per-
inatal mortality is lowered by up to 30% [15]. To
diagnose IUGR the following methods can be used:
fundal height (does not coincide with gestational
age), measurements calculated in ultrasound (that
does not coincide with gestational age and are small-
er) and Doppler ultrasound with abnormal findings.

While it may seem that the identification of the
optimal delivery time is the only way to manage
IUGR during the third trimester, scientific evidence
suggests that placenta-mediated complications, in-
cluding IUGR, and the most severe complications,
can be detected as early as the first trimester of
pregnancy. It is recommended that women who
have two or more current pregnancy risk factors,
such as pre-gestational hypertension, obesity, ma-
ternal age greater than 40 years, artificial reproduc-
tive technology use history, pre-gestational diabetes
mellitus (type I or II), multiple gestations, and a his-
tory of placental abruption or infarction, receive
low-dose aspirin. Aspirin initiated in early pregnan-
cy may prevent many of these complications. It
should begin around 12 to 16 weeks of pregnancy
and last up to 36 weeks [16,17].

During pregnancy, nutrients are provided to the
fetus through maternal circulation and placental
transport. There is evidence that IUGR is primarily
caused by fetal etiologies, such as genetic abnormal-
ities (syndromes, chromosome abnormalities), ma-
ternal factors (vascular disease, persistent hypoxia
and undernutrition, and toxins), and placental etiol-
ogies. According to estimates, 40% of birth weight is
attributed to genetic factors while 60% is attributed
to environmental factors. The pathogenesis of IUGR
is influenced by poor macronutrient provision and
inadequate micronutrient supply to the fetus. It has
been shown that inadequate nutrition can alter fetal
physiological processes through epigenetic mecha-
nisms, resulting not only in altered growth pheno-
types in the short term, but also in dysregulation of
metabolic and cardiovascular processes in adult-
hood when resources are not aligned with pro-
grammed responses [18].

Intrauterine Growth Restriction may cause pre-
mature birth or low birth weight, decreased oxygen
intake, hypoglycemia, low Apgar, low resistance to
infection, risk of meconium aspiration (which can
lead to respiratory distress syndrome), poor temper-
ature regulation, polycythemia and hyper viscosity
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and in most severe cases, stillbirth. Greater risk of
developing IUGR can be seen in the following condi-
tions as shown in Table 3 [6,9,15].

TABLE 3. Causes of IUGR

e Umbilical cord abnormalities

e Placental abnormalities

e Birth defects or chromosomal abnormalities
e Pregnancy-induced Hypertension
e Gestational Diabetes

e Oligohydramnios

e Multiple pregnancies

e Teratogen exposure

e Maternal weight under 100 pounds
e Poor nutrition during pregnancy

e Use of cigarettes, alcohol, drugs

In order to correctly identify the cause of FGR, a
detailed family and maternal history is necessary,
which should include details such as: maternal age,
ethnicity, height and weight, nutritional status, soci-
oeconomic status, medications, smoking or drug
use, chronic medical conditions, personal or family
history that suggests thrombophilia, genetic disor-
ders or consanguinity, obstetric history (birthweight
of previous children) and ultrasound confirmation
of pregnancy dating [9].

Fetal growth restriction is connected with specif-
ic chromosomal abnormalities. IUGR affects at least
50% of fetuses with trisomy 13 or trisomy 18. It is
also more likely to occur in fetuses who do not have
chromosomal or genetic abnormalities but have a
variety of structural malformations (congenital
heart disease or gastroschisis) [15].

The most prevalent pathology that is linked to fe-
tal growth restriction is abnormal placentation or
the presence of a single umbilical artery that results
in poor placental perfusion, or placental insufficien-
cy. Maternal vascular malperfusion is the most com-
monly observed placental disease associated with
FGR [19].

Multiple pregnancies are associated with an in-
creased risk of mortality and morbidity compared
with singleton pregnancies. Fetal growth restriction,
preterm birth, and perinatal loss are more preva-
lent in twin pregnancies. With nearly twice the rate
of growth restriction and a higher incidence, mono-
chorionic twin pregnancies are more likely to be
complicated by FGR than dichorionic twin pregnan-
cies. Fetal growth monitoring is essential, since
growth restriction and weight discordance are a
major cause of mortality and morbidity [4,20].

During pregnancy, metabolic changes caused by
diabetes can have an impact on the development
and function of the uteroplacental and fetoplacental
units. As a result of type 1 diabetes, fetal growth
may be affected in two directions, such as maternal
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hyperglycemia stimulating overgrowth, and mater-
nal vasculopathy leading to placental insufficiency
altering nutrient transport and causing IUGR [21].

The most severe forms of preeclampsia that are
also associated with deep placentation disorders
and uteroplacental insufficiency can now be diag-
nosed using a combination of biophysical, ultra-
sonographic and biochemical markers during the
first trimester. As a result, such screening can be
used indirectly to detect cases of preterm IUGR that
are associated with preeclampsia. However, such
screening is not specifically focused on detecting
IUGR at an early stage, which could therefore pro-
vide opportunities for improvement.

Fetal growth restriction has been linked to expo-
sure to certain substances and medications. Tabac-
co, alcohol, cocaine, and narcotics are among the
substances that have been linked to SGA and IUGR.
Any medication’s effect is determined by the drug’s
inherent teratogenicity, duration of exposure, dos-
age, and individual genetic predisposition to drug
metabolism. SGA was linked to extremely low pro-
tein intake prior to 26 weeks of gestation and severe
caloric restriction was linked to moderate weight
loss at birth [15].

Clinical features

Fetal sizes below the 10th percentile account for
about 40% of babies who are healthy and small. In
contrast to FGR, which is a pathologic condition in
which the fetus is starved of nutrition and oxygen
(hypoxia), the fetus in FGR is constitutionally small
but not necessarily small. Multiple factors influence
the intricate processes of fetal growth and develop-
ment. Pregnancy-induced hypertension, preeclamp-

TABEL 4. Clinical features in infants with IUGR [6,23]
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sia, malnutrition, chronic anemia, and other nega-
tive environmental stimuli cause the fetus to have
unbalanced nutritional requirements and supplies,
which in turn causes IUGR. The hypothalamic-pitui-
tary-adrenal axis, metabolic, endocrine, and cardio-
vascular systems are all affected by these changes
[22]. Fetal clinical features as shown in table 4, such

us (Table 4).

Clinically, the first step is the distinction between
‘true’ fetal growth restriction, with abnormal fe-
to-placental function and poorer perinatal out-
comes, and constitutional small-for-gestational age,
with a near-normal outcome. It is not sufficient to
rely solely on umbilical artery Doppler to make a di-
agnosis nowadays, since this index detects only ear-
ly-onset severe cases. A perinatal outcome related to
FGR is predicted by the presence of factors associat-
ed with a poorer fetal outcome, such as a high Dop-
pler cerebroplacental ratio, essentially a diagnostic
index, a low uterine artery Doppler, and a growth

centile below the third [10].

Management of intrauterine growth retardation

Women with suspected FGR should undergo sys-
tematic assessment that includes a detailed history.
General management measures include treatment
of maternal disease, proper nutrition during preg-
nancy and bed rest. To prevent fetal hypoxia, the
fetus should be continuously monitored throughout
labor. Serial ultrasonography can be used to proper-
ly evaluate the majority of fetuses with limited
growth every 3-4 weeks. The frequency of ultra-
sound growth assessments should not exceed every

two weeks [15].

Low weight (600 g below the minimum in percentile standard

Large Head circumference compared to than the body (brain
sparing effect)

Relatively large hands and feet compared to body

Thin appearance due to reduced muscle mass and
subcutaneous fat, easy peelable skin

Meconium strained vernix and umbilical cord. The umbilical
cord might appear to be short and thin

Dry and wrinkled skin, ”wizened facies”, refers to sunken
facial features with absent buccal fat that look like those of an
elderly person — "old man”

Inadequate formation of breast buds, long finger nails and
immature female genitalia

https://journals.sagepub.com/doi/10.4137/CMPed.540070
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Diagnosis of IUGR at 232 weeks
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Deliver if BPP =6

FIGURE 5. Diagnosis of IUGR in the third trimester

If the fetus exhibits abnormal function on bio-
physical profile testing, preterm delivery is indicat-
ed.

The management of IUGR must be individual-
ized for each patient, and it can be observed in Fig-
ure 4 and Figure 5.

The primary strategies for managing these fetus-
es are the evaluation of fetal vitality and determin-
ing when delivery should occur because there is no
effective treatment to reverse or stop the progres-
sion of placental insufficiency. The use of aspirin,
bed rest, oxygen, and maternal nutritional supple-
ments have all been studied in an effort to develop a
treatment for FGR [3,22].

When nonstress tests, biophysical profiles, or
both, are used in conjunction with standard fetal

surveillance, umbilical artery Doppler velocimetry
is associated with improved outcomes in fetuses
with fetal growth restriction. If delivery is anticipat-
ed before 32-33 weeks of gestation, antenatal corti-
costeroids are recommended due to their associa-
tion with improved preterm neonatal outcomes
[15].

Further examination of the fetal circulatory sys-
tem by Doppler examination of the middle cerebral
artery, ductus venosus, and umbilical vein can be
considered in the event that abnormal umbilical ar-
tery Doppler studies are present [9,17].

Due to the fact that delivery is the only current
treatment for IUGR, the most important factor is the
right timing, balancing the risk of iatrogenic mor-
bidity and continued exposure to an unfavorable
intrauterine environment.

CONCLUSION

The placenta is a crucial organ to the growth and
development of the fetus. Placental insufficiency, or
the inability of the placenta to supply the fetus with
enough oxygen and nutrients, causes intrauterine
growth restriction. IUGR affects up to 5-10% of preg-
nancies. Since SGA is not the same as IUGR, the diag-
nostic uncertainty for fetuses with growth restric-
tion is greatly increased. These IUGR fetuses will be
managed using both monitoring and delivery meth-
ods. The following are management principles in a
pregnancy with a suspected growth-restricted fetus
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such us appropriate maternal and fetal care, close
monitoring of the fetus, maternal activity limitation,
providing oxygen to the mother if needed for fetal
oxygenation improvement, assessment of fetal
well-being and coordinate delivery.

In some studies, abnormal umbilical artery Dop-

pler velocimetry defined as a pulsatility index great-
er than the 95th percentile or absence or reversed
end-diastolic flow was associated with adverse peri-
natal outcomes in growth-restricted fetuses in the
strongest and most significant manner. Doppler ve-
locimetry must be integrated with biophysical
profiling in order to determine the optimal timing of
delivery. A comprehensive sonogram should be tak-
en to look for fetal anomalies and karyotyping
should be considered to rule out aneuploidy in addi-
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