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Introduction
Intrauterine growth restriction (IUGR), also known as 

“intrauterine growth retardation” or “fetal growth restriction”, is 
a term applied to a condition of poor growth of the fetus in utero. 
The condition results in an “infant small for date” or “dysmature 
infant” that is defined as having a weight at or below the 10th 
percentile for the expected birth weight at a given gestational 
age [1]. The prevalence of low birth weight caused either 
by preterm birth or by IUGR, is reported to be 3-10% of live 
newborns in developed countries and 15-20% of newborns in 
developing countries [2]. Fetuses at risk for IUGR are susceptible 
to potential intrauterine environment that leads to fetal hypoxia 
and fetal acidosis [3]. Late-onset IUGR issues from failure of 
the placenta to supply adequate nutrients and oxygen to the 
rapidly growing fetus [4]. High amniotic fluid erythropoietin 
concentration reflects chronic fetal hypoxia and is associated 
with decreased umbilical artery pH and with adverse neonatal 
outcome in IUGR before 34 gestational weeks [5]. Fetal growth 
restriction (FGR) represents an obstetrical complication that 
would amount to about 10% of fetuses in the general population 
[6]. IUGR is considered the main cause of intrauterine fetal death  

 
and the second leading cause of death in neonates; it seems that 
females are more prone to develop IUGR [7]. 

Etiology, Risk factors and Diagnostic Measures
Optimal fetal growth is a multifactorial process whose 

mechanism has not yet been fully elucidated. Uteroplacental 
insufficiency plays a major role in the etiology of IUGR. The 
major risk factors for IUGR and small for gestational age (SGA) 
births include chromosomal abnormalities, congenital infectious 
diseases, poor maternal health (diabetes mellitus, hypertension, 
anemia, cardiac, renal and hepatic diseases), preeclampsia, 
smoking, environmental pollutants, drug and alcohol abuse, 
maternal age above 35 years, and placental pathologies 
(infarction, fetal vessel thrombosis, and chronic villitis). Other 
risk factors are multiple pregnancy, primiparity, maternal 
malnutrition, and low socioeconomic status. Zinc sulfate feeding, 
of mercury-exposed pregnant rats, could correct the reduced 
placental weight, fetal weight and size, and tail length induced 
by mercury exposure [8]. SGA is associated with a four-fold 
increased risk of stillbirth as well as higher rates of cesarean and 
induced labor before 37 weeks [9-11]. 
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Proper maternal nutrition maintains birth weight 
mainly through the modulation of placental lipid and energy 
metabolism [12]. Amino acids promote fetal growth through 
building up of proteins and regulation of the metabolic pathways 
in fetoplacental development. During pregnancy, dietary 
supplementation with functional amino acids (as arginine and 
glutamine) has a great role in prevention of IUGR [13]. Aspirin 
when used with omega 3 is mentioned to be more effective, than 
using aspirin alone, in increasing fetal weight and improving 
utero-placental blood flow in asymmetrical IUGR [14]. Selenium 
supplementations are also reported to improve the clinical and 
metabolic status in pregnant women at risk for IUGR [15].

There is a well-known association of early maternal 
primiparity  age with smaller children, particularly in developing 
countries. It is unclear whether this small pregnancy outcome is 
due to the age at which child growth restriction first occurs or 
due to other factors such as socioeconomic status [16]. 

Risk factors for IUGR are easy to assess but they have 
poor predictive value. Modern methods of assessment of IUGR 
include serum biomarkers, ultrasound and Doppler study of the 
uterine and spiral arteries, the placental volume and placental 
vasculature [17]. If a reliable prediction could be achieved, 
there will be a potential to reduce future perinatal morbidity, 
mortality and long-term consequences; however measures have 
to be better directed toward the prevention of IUGR [18]. 

Proper structure of the umbilical cord is important for 
the fetal development. Exposure to tobacco smoke was found 
to have a negative impact on fetal growth and umbilical cord 
morphometry and to correlate with intensity of IUGR. Wharton’s 
jelly of cords of offsprings born to smoker women was increased 
when compared to nonsmokers [19-21]. Alcohol administration, 
in mice, was found to perturb polyamine levels in embryonic 
and extra embryonic tissues. The total absence of polyamines 
in the mouse embryo head might explain the development of 
neural tube defect, and growth restriction. These findings were 
similar to those observed in fetal alcohol syndrome [22]. Opioids 
whether prescribed to or illegally consumed by pregnant women 
are associated with numerous complications including IUGR, 
and increased risk of neonatal mortality and neonatal abstinence 
syndrome (NAS) [23]. 

In women suffering from systemic lupus erythematosus (SLE), 
it has been observed that treatment with hydroxychloroquine 
(HCQ) reduces neonatal morbidity by significantly decreasing 
the rate of prematurity and IUGR [24]. Placental insufficiency 
is associated with fetal hypoglycemia, hypoxemia, and elevated 
plasma norepinephrine (NE) leading to IUGR. In pregnant 
ewes, it was observed that NE, independently of hypoxemia, 
hypoglycemia and hypoinsulinemia, had influenced asymmetry 
of growth but not pancreatic β- and α-cell masses in IUGR fetuses 
[25]. Nesfatin 1 is a neuropeptide formed in hypothalamus of 
mammals and is known to regulate hunger and lipid storage. It 
may have a possible role in controlling fetal growth [26]. 

Placental Histopathology in IUGR
Abnormal placentation is responsible for most of gestational 

disorders [27]. The histopathological features exhibited by the 
placentas of pregnancies with early IUGR include infarction, 
chronic villitis, chronic chorio-amnionitis, membrane necrosis, 
increased nucleated red blood cells, increased syncytial knotting, 
increased villous maturation, and fetal thrombosis [28]. 
Decreased endothelial differentiation and increased adipocte 
differentiation potentials, exerted by the human placental 
mesenchymal stromal cells (pMSCs), have been demonstrated 
in placentas with IUGR [29]. Assessment of mitochondrial 
(mt) DNA and nuclear respiratory factor 1 (NRF1) expression 
in placental tissue and cytotrophoblast cells, gene and protein 
expressions of respiratory chain complexes (RCC) could be 
helpful indices for IUGR and other gestational disorders [30,31]. 
Endothelial progenitor cells (EPCs) play a principal role during 
pregnancy by maintaining adequate placentation and fetal 
growth. In maternal blood their count is progressively increased 
in normal pregnancy; being detectable in early pregnancy but 
more elevated in the third trimester. The increase of EPCs is 
impaired in IUGR-complicated pregnancies [32]. 

The fetoplacental vasculature and resistance are uniquely 
not regulated by autonomic elements but by humoral mediators, 
most of which are synthesized by the local fetoplacental 
endothelial cells. In IUGR pregnancies, the production of these 
mediaors is impaired favoring vasoconstriction. Moreover, 
placentas from these pregnancies are structurally deviated from 
the normal placental morphology revealing abnormal branching, 
thinning, and elongation of the vessels within the terminal 
functioning chorionic villi; thus elevating the fetoplacental 
vascular resistance [33].

Outcomes and Associations of IUGR
Sonography has revealed that IUGR is associated with 

involution of the size of the fetal thymus gland. A small fetal 
thymus is considered as an early indicator of adverse perinatal 
outcomes [34]. Ovine fetuses, with IUGR, exhibited decreased 
thymic weight with diminution of its cortical thickness as 
well as reduced DNA content and total antioxidant capacity. 
These changes were assumed to be indicators of reduced cell 
proliferation, oxidative stress, and increased cell apoptosis for 
impaired development of IUGR fetal thymus [35]. In another 
study, 2D and 3D ultrasonography showed that fetal thymus 
transverse and anteroposterior diameters, and volume had 
increased with normal advance of gestational weeks. In IUGR, 
these parameters were less than those of the same gestational 
age fetal thymus [36]. 

IUGR increases the risk of neurodevelopment impairment 
during childhood [37]. The fetal brain is particularly vulnerable 
in IUGR and there is an increased risk of long-term neurological 
disorders including cerebral palsy, epilepsy, learning and 
behavioral difficulties as well as psychiatric conditions [38]. 
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In late-onset IUGR, functional and morphological brain 
disturbances develop earlier before compensatory blood flow 
redistribution towards the fetal brain, as detected by Doppler 
measurements between the fetal brain (in the middle cerebral 
artery) and the placenta (in the umbilical artery) [39]. Some 
researchers have demonstrated that even mild intrauterine hypo 
perfusion could alter neurological development in a way that 
resembles the clinical picture of neurodevelopment disorders 
in children born prematurely or with IUGR [40]. In IUGR, three 
neural injury markers (NIMs): s100B, neurone-specific enolase 
(NSE) and alpha-fetoprotein (AFP) in umbilical arterial, umbilical 
venous and maternal venous sera are used as predictors of 
neonatal complications [41]. Symmetrical growth restriction 
(SGR), in preterm infants, is associated with neonatal mortality 
and impaired cognitive function and school performance. The 
outcome of asymmetrical growth restriction differs according 
to head circumference (HC). Head growth restriction (HGR) 
is associated with impaired cognitive function while weight 
growth restriction (WGR) is not [42]. Furthermore, changes 
in the concentration of neurotransmitters: catecholamines 
and indoleamines were demonstrated at the hypothalamus of 
swine fetuses affected by nutrient shortage [43]. In MRI scans 
of growth-restricted preterm infants, thalamus and basal 
ganglion were observed to be reduced in volume with the risk 
for neurodevelopmental impairment [44].

Low birth weight, caused by either preterm birth or IUGR, 
is associated with increased rates of short and long-term 
renal and cardiovascular diseases. IUGR fetuses experience 
cardiovascular remodeling that persists into infancy and 
is related to hypertension and cardiovascular diseases in 
adulthood [45]. Several studies have demonstrated changes in 
the structure and function of the heart in fetuses with IUGR [46]. 
Neonates with symmetrical or asymmetrical IUGR had revealed 
reduced left ventricular dimensions, thickness and mass when 
compared with appropriate for gestational age (AGA) neonates; 
left ventricular systolic functions were mostly preserved [47]. 
On the contrary, in other studies IUGR fetuses have shown larger 
and more globular hearts together with signs of systolic and 
diastolic dysfunction [48]. Persistence of significantly higher 
abdominal aortic intima-media thickness and microalbuminuria 
during infancy is another association of IUGR [49]. Cases with 
isolated fetal congenital heart disease (CHD) have a great risk to 
develop IUGR [50]. Maternal gestational hypercholesterolemia 
and atherosclerosis in mice were also associated to early onset 
fetal growth restriction. Dietary vitamin E supplementation 
had a beneficial impact on this condition [51]. Utmost care and 
measures have to be undertaken to predict the risk factors of 
IUGR in order to lessen the related perinatal morbidity and 
mortality.
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