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Abstract
Intrauterine growth restriction (IUGR) is a potentially fatal and often missed obstetric complication. The fetus is deprived of vital 
blood, oxygen, and nutrients due to faulty maternofetal circulation, leading to a severe lack of fetal growth. Since current prenatal 
testing is highly ineffective at diagnosing the condition, many babies with IUGR are negatively impacted before, during, and after 
birth. This paper assesses alternative and innovative detection and management methods of IUGR. Current routine prenatal care 
includes simple fundal height measurements to screen for IUGR. This analysis finds that other testing may increase the rate of 
detection of the disease. Maternal serum analytes, uterine artery dopplers, and fetal heart rate analysis all provide relatively small 
rates of detection. However, due to their non-invasive nature, they offer the option of taking a multipronged testing approach to 
increase the chance of an IUGR pregnancy being properly diagnosed and managed. Possible management includes aspirin and 
early delivery; however, this analysis does not find a consistently positive effect for either of these options, despite the pathology 
of the disease suggesting that these approaches would improve outcomes. More research is needed to find optimal diagnostic 
testing and treatment for intrauterine growth restriction.
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Introduction
Intrauterine Growth Restriction (IUGR) is a condition in 
which there is abnormal or impaired growth of the fetus 
inside the uterus that is due to a pathological cause. The 
growth of the fetus in the womb is a significant pre-
dictor for the outcome of the pregnancy. Low-weight 
fetuses are at a greater risk of intrauterine injury and 
death. An astounding 50% of stillbirths have been found 
to fit the criteria for IUGR. For pregnancies that result 
in liveborn infants, the detection of fetal growth restric-
tion is abysmal, with as many as 85% of IUGR cases going 
undetected until delivery (Albu et al., 2014).

Ideal fetal growth is allowed by placental ability to 
handle injury caused by outside stimuli. In IUGR, the 
placenta shows abnormal maternal spiral arterioles, 
dysregulated villous vasculogenesis, and profuse fibrin 
deposition. Regardless of the cause for these abnormal-
ities, the villi of the trophoblasts show severe injury to 
the epithelium and stress to the endoplasmic reticulum, 
leading to a lack of regulation. The escalating stages of 
placental dysfunction that develop through the pregnan-
cy, as the IUGR diagnosis surfaces, eventually leads to a 
reduction of blood flow and limitation of nutrient trans-
fer to the fetus (Scifres and Nelson, 2009).

Currently, the main method of detection of IUGR 
includes fundal height measurements at prenatal visits, 
with abnormal findings indicating the need for biometric 
testing, which uses specific formulas to estimate fetal 
weight based on general fetal growth curves. Primary 
management of IUGR is limited to monitoring fetal 
well-being at specific intervals, and, when fetal risks are 
greater than neonatal risks, intervening by administer-
ing steroids and delivering the fetus at a hospital that is 
equipped to deal with a seriously ill neonate (Militello 
et al., 2009). 

New research suggests other methods of predicting 
IUGR, potentially improving outcomes of pregnancies 
afflicted with fetal growth restriction. This paper will 

analyze the different approaches and explore their ef-
fectiveness in improving disease management.

Materials and Methods
Research on detection methods for intrauterine growth 
restriction was obtained from peer-reviewed scientific 
articles and academic journals. These were accessed via 
Touro University Library as well as Google Scholar, using 
various databases including PubMed, ProQuest, and Ebsco. 
The main keywords and phrases used to obtain research 
data for the paper include “IUGR pathology,” “IUGR test-
ing,” “IUGR treatment,” and “IUGR neonatal outcomes.”

Placental Pathology
The most common cause of IUGR is dysfunctional mater-
nal-fetal circulation (Vandenbosche and Kirchner, 1998). 
The development of the placenta to support and nour-
ish the fetus throughout gestation is a complex process 
involving the formation of an entirely new uteroplacen-
tal circulation. A fetus’s growth can be restricted due to 
faulty development of the uteroplacental circulation. The 
fetus is deprived of vital nutrients and oxygen, causing its 
failure to reach its growth potential (Albu et al., 2014).

Placental exchange is controlled by a complicated in-
teraction between placental growth, rates of blood flow 
through the placenta, expression of transporter proteins, 
and metabolic needs of placental tissue. This interaction 
is regulated by hormones from the mother, fetus, and the 
placenta. When operating properly, this system allows for 
an adequate flow of blood, oxygen, and nutrients to the 
fetus. Humans have hemochorial placentas, with a limited 
cellular barrier separating the mother’s blood from the 
blood of the fetus. The deep trophoblast invasion poses 
risks for developing placental complications during preg-
nancy, such as IUGR (Burton and Fowden, 2015).

A study of 69 placentas, with 45 of them from pregnancies 
complicated by IUGR (birth weight <10th percentile), and 
24 of them from uncomplicated pregnancies with fetuses 
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who were average for gestational age (AGA), showed cer-
tain abnormalities in the placentas of IUGR fetuses. There 
was increased decidual vasculopathy, infarct, increased syn-
cytial knots, villous fibrosis, and more extensive deposition 
of perivillous fibrin. Additionally, the placentas of IUGR-
complicated pregnancies were considerably lower weights 
than the placentas from uncomplicated pregnancies. These 
findings suggest the main disease processes that are as-
sociated with placental pathology of intrauterine growth 
restriction. Included in those findings are chronic utero-
placental insufficiency and abnormal uteroplacental vascu-
lature, coagulation pathologies of the fetoplacental, inter-
villous, and uteroplacental vasculature, as well as chronic 
inflammatory lesions. Ultimately, the fetus is deprived of 
adequate blood flow, causing the low birth weight that is 
characteristic of IUGR (Park et al., 2002).

Fundal Height Measurement
Current screening and surveillance protocols for intra-
uterine growth restriction in low-risk pregnancies include 
obtaining a thorough medical and obstetric history and 
measuring the fundal height at each prenatal visit after 24 
weeks. The threshold determined by the American College 
of Obstetricians and Gynecologists as an indication of 
IUGR is a discrepancy of at least 3 between gestational age 
in weeks and measurement of fundal height in centimeters 
(ACOG practice bulletin). 

The reliability of this measurement as a predictive tool 
is questionable, with research showing low effectiveness. 
A large study evaluated the efficacy of fundal height mea-
surements as a predictive tool. There are two methods of 
using fundal height to predict IUGR. The first is looking 
at a single value of fundal height, however, this method is 
very inaccurate. In this study, they found that it has low 
sensitivity, ranging from 0 to 52% from weeks 22 to 35. The 
other option is to observe the measurements over a peri-
od of time during the pregnancy. This method also had low 
predictive value, detecting only 56% of IUGR pregnancies, 
even when looking at values through the full gestational 
period. The results also indicated an unacceptably high rate 
of false positives (Rosenberg et al., 1982). Therefore, this 
examination that is routinely performed at prenatal visits 
can easily miss a large percentage of IUGR cases, increasing 
the risk of neonatal morbidity and mortality.

Serum Markers
Maternal serum analytes have been examined to assess 
their role in the detection of IUGR. Two important an-
alytes which have been studied in relation to IUGR and 
other pregnancy complications are free beta human cho-
rionic gonadotrophin (ʹ-hCG) and pregnancy-associated 

plasma protein A (PAPP-A) (Ong et al., 2000). Beta hCG 
has an important role in placental development by stim-
ulating vasculogenesis and angiogenesis. These provide 
the placenta with sufficient blood flow from the mother 
and adequate nutrition for the embryo while the uterine 
endometrium is invaded (Gridelet et al., 2020). PAPP-A, a 
protein secreted by syncytial trophoblasts, enters circu-
lation following implantation of the blastocyst. The pro-
tein releases insulin-like growth factor (IGF) by cleaving 
IGF binding protein. The released IGF participates in cell 
differentiation, multiplication, and trophoblast invasion. 
Therefore, it is important for the development of the 
placenta. Additionally, IGF also controls the absorption 
of amino acids and glucose, thus directly impacting the 
growth of the fetus (Shah et al., 2020).

Due to the important roles that ʹ-hCG and PAPP-A 
play in placental and fetal development, it would be reason-
able to suggest that a decrease in their levels may predict 
intrauterine growth restriction, even at an early stage. A 
screening study performed at antenatal clinics measured 
levels of both maternal serum analytes between 10 and 14 
weeks gestation. The levels were then compared, based on 
the ultimate outcomes of the pregnancies. Approximately 
20% of the pregnancies that resulted in complications in-
cluding IUGR, had levels of PAPP-A that were below the 
10th percentile of the reference range. About 15% of 
complicated pregnancies, including those which developed 
IUGR, showed β-hCG levels below the 10th percentile of 
the reference range (Ong et al., 2000). 

Of note, a much larger study consisting of 4390 preg-
nancies showed conflicting results to the previous study. 
Between weeks 11 and 13 of these pregnancies, the moth-
ers’ PAPP-A and β-hCG markers were checked. In the 
172 pregnancies which ultimately developed fetal growth 
restriction, their PAPP-A levels were significantly lower. 
However, their β-hCG levels were not significantly lower, 
making the results of the previous study questionable, par-
ticularly due to its small sample size (Spencer et al., 2005). 
Others also concluded that abnormal levels of β-hCG are 
not as reliable as PAPP-A in predicting adverse pregnancy 
outcomes, including IUGR (Gaccioli et al., 2018).

Other markers have been studied due to their roles 
in placentation, with varying results. Angiogenic factors 
are key elements in the uterus’s vasculature remodeling 
during pregnancy.  Certain placental products with pro-
angiogenic and antiangiogenic properties are secreted 
and regulated to ensure ideal placentation and to allow 
for ideal development and growth of the fetus (Gaccioli 
et al., 2018). Placental growth factor (PlGF), an important 
proangiogenic protein that supports fetoplacental circu-
lation, is secreted by the placenta throughout the entire 
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pregnancy. PlGF is detectable in maternal serum, where it 
affects the well-being of the endothelium. An increased risk 
of developing IUGR has been observed in pregnancies with 
low levels of this protein in the first trimester. (Romero et 
al., 2008, and Karagiannis et al., 2011). For antiangiogenic 
factors, there has not been consistent findings regarding 
their predictiveness of IUGR. When maternal serum levels 
of soluble endoglin (sENG) were high in the first trimester, 
it seemed to indicate an association with IUGR. However, 
for another antiangiogenic factor, soluble fms-like tyrosine 
kinase-1 (sFLT1), the opposite was true. Low levels of 
sFLT1 indicated a greater risk of developing FGR (Smith et 
al., 2007). Proangiogenic factors seem more promising than 
antiangiogenic factors in showing a consistent relationship 
with the presence of IUGR.

Ultrasound Markers
An alternate method of non-invasively surveying the de-
velopment of the placenta and assessing blood flow to the 
fetus involves utilizing ultrasound technology. Maternal-
fetal blood flow interactions are assessed by using uterine 
artery doppler (UAD). A study involving a large number 
of participants was conducted to assess the ability of 
UAD to predict the onset of IUGR. Included in the study 
were 3,010 singleton pregnancies. Of these pregnancies, 
565 of them delivered SGA (small for gestational age) 
neonates (<10th percentile). They looked at resistance in-
dices and the prevalence of bilateral notching in abnormal 
versus normal pregnancies during weeks 11 to 14. Both 
of these measurements can indicate resistance to blood 
flow which is an important factor in IUGR. In women 
whose pregnancies resulted in SGA neonates, their resis-
tance indices were found to be considerably higher than 
what was seen in healthy pregnancies (median uterine 
artery RI, 0.74 vs. 0.70). Additionally, there was a higher 
incidence of bilateral notching in the abnormal pregnan-
cies. The study discovered that the mean uterine artery 
resistance index decreased as gestational age at the time 
of delivery increased, with a statistical significance of P = 
0.01.  This study shows very promising results for using 
early ultrasound to predict the development of IUGR 
(Melchiorre et al., 2009). 

Another study took a different approach to the utili-
zation of uterine artery dopplers to predict the devel-
opment of IUGR and other adverse outcomes. Rather 
than look at ultrasound findings from a single period, 
they examined trends in the dopplers and assessed their 
association with pregnancy outcomes. A cohort of 870 
pregnancies underwent ultrasound evaluation during the 
first trimester (11-14 weeks), which was then followed in 
the second trimester (19-22 weeks) by repeat evaluation.  

The trend seen within the two intervals was a significant 
linear decrease of mean uterine artery pulsatility indices. 
A decrease in the prevalence of bilateral notching was 
only seen during weeks 11-13 of the first trimester. With 
continued follow-up, it was found that 37 (4.25%) of the 
pregnancies subsequently developed IUGR. When retro-
actively comparing these pregnancies UAD’s with preg-
nancies that had normal outcomes, it was found that the 
complicated pregnancies had considerably higher average 
pulsatility indices and a greater occurrence of bilateral 
notching in both intervals studied. Further comparison 
showed that in complicated pregnancies more than in 
uncomplicated pregnancies, the bilateral notching per-
sisted (30% vs. 8%), abnormal first-trimester pulsatility 
indices shifted to normal in the second trimester (14% 
vs. 4%), and normal first-trimester pulsatility indices be-
came abnormal in the second trimester (13% vs. 4%).  
The study was able to find an association between these 
UAD findings and the level of risk for the development 
of adverse outcomes. Pregnancies with persistent notch-
ing and/or shifting pulsatility indices from the first to the 
second trimester were associated with an intermediate 
risk of developing hypertensive disorders including IUGR. 
Pregnancies that showed unrelenting abnormally high pul-
satility indices had the greatest risk for IUGR and other 
negative pregnancy outcomes (Gomez et al., 2006).

Both studies on the role of ultrasonography in the pre-
diction of IUGR show comparable results. UAD’s were 
significantly different in complicated pregnancies when 
compared with uncomplicated pregnancies. These abnor-
malities were already apparent in early pregnancy, during 
the first trimester. However, with low predictabilities, the 
test does not recognize a high percentage of subsequent 
IUGR cases. Thus, the usage of UAD allows for a non-in-
vasive but not consistently reliable prediction method for 
the development of IUGR.

Fetal Heart Rate Analysis
Fetal heart rate is an easily measured predictor of fetal 
well-being. Starting from 28 weeks of gestation, a healthy 
fetus goes through periods of active sleep and quiet sleep, 
with changes in heart rate reflecting the fetus’s state of 
sleep. During active sleep, there is an increase in fetal 
movement and a high heart rate variability. During the 
quiet sleep period, there is little fetal movement and 
low heart rate variability. An indicator of fetal well-be-
ing is a period of active sleep. A study was performed 
to determine whether fetal heart rate can be used as 
an early predictor of IUGR. Because of the impact that 
restricted blood flow has on a fetus, they presumed that 
the cardiovascular system, or more specifically the heart 
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rate, would be affected, thereby providing a marker for 
the condition. They utilized cardiotocography (cCTG) 
to measure fetal heart rate, and they used the Dawes/
Redman automated system of interpretation. Included in 
the research was a group of 1,630 IUGR pregnancies and 
a group of 1,630 same-sex and gestational age healthy 
pregnancies. Both groups showed increased periods of 
activity at more advanced gestational ages. However, they 
made an important finding specific to the IUGR group. 
Before 35 weeks gestation, the IUGR fetuses showed a 
significantly lower percentage of active sleep when com-
pared to the healthy fetuses. They showed a delayed or 
compromised sleep state organization, indicating a lack 
of maturation for their gestational ages. Based on their 
results, it seems that the quality of this risk marker is 
better earlier in gestation (24-34 weeks), since the gap 
narrowed after that point. Of note, the AUC was only 
0.76. However, the study does provide evidence of the 
effectiveness of fetal heart rate analysis in the detection 
of IUGR (Stroux et al., 2017).

IUGR Management
Once IUGR is detected and further testing determines 
the extent of placental dysfunction and stress on the 
fetus, treatment can be initiated. One treatment that 
has been researched repeatedly is the use of aspirin to 
prevent or treat IUGR. Aspirin has been found to affect 
placental vasculature. It works by inhibiting the produc-
tion of thromboxane A2 without impacting prostacyclin 
levels. This results in vasodilation as well as a reduction 
in platelet aggregation. Since the placental pathology in 
IUGR includes increased syncytial knots at the terminal 
villi which impedes blood flow to the fetus, aspirin can re-
duce the damage by increasing perfusion to the placenta 
(Ali et al., 2018). 

A randomized controlled trial in Egypt was conduct-
ed to determine the impact of aspirin on fetal weight in 
cases of idiopathic asymmetrical IUGR with abnormal 
UAD indices. One group of women with this complica-
tion was given 75 milligrams of Aspirin daily for a peri-
od of 4 weeks. The second group diagnosed with IUGR 
and abnormal dopplers received no intervention. Results 
showed significant improvement in the group taking as-
pirin, specifically in regard to fetal weight. The resistance 
index and pulsatility index decreased in the aspirin group, 
indicating an improvement of blood flow to the fetus.  
In terms of neonatal outcomes, the group that received 
aspirin had higher APGAR scores, although it is worth 
noting that the number of admissions to the NICU was 
similar in both groups (Ali et al., 2018). In contrast to this 
study, a clinical trial conducted on 90 pregnant women 

showed contradicting results. These women were at an 
increased risk of developing IUGR due to previous histo-
ries of pre-eclampsia. Half of the women were given 80 
milligrams of aspirin daily and the other half were given 
a placebo. The results of the study indicated that there 
was no statistically significant difference in the pregnan-
cy outcomes, with an IUGR rate of 27.9% in the aspirin 
group, and 25.6% in the control group (Abdi et al., 2020). 
Currently, the American College of Obstetricians and 
Gynecologists believes that there is not enough evidence 
to support the use of aspirin in the treatment of IUGR. 
Of note, the first study that found aspirin beneficial for 
the prevention and treatment of IUGR had a large over-
lap between the standard deviation error bars, suggesting 
the possibility that the results are not truly statistically 
significant. The results showed an increase in fetal weight 
in the aspirin group (1745±201 gm) when compared 
to the control group (1534±36gm). However, despite a 
p-value <0.05, there is a significant overlap in these re-
sults, making the results less likely to represent an actual 
clinical improvement in cases of IUGR.

ACOG also does not recommend bed rest as a means 
to treat IUGR (ACOG Practice bulletin). This is in agree-
ment with a study of 107 women with suspected fetal 
growth restriction who were split into a bed rest group 
and an ambulatory group. There was no evidence of im-
provement in the growth restriction or neonatal out-
comes in the bed-rest group (Gulmezoglu & Hofmeyr, 
2000).

Ultimately, the management of IUGR comes down to 
proper delivery timing to optimize neonatal outcomes. 
When the risk of a compromised uterine environment 
outweighs the risk of prematurity, delivery is indicat-
ed (ACOG Practice Bulletin). The Growth Restriction 
Intervention Trial assessed delivery timing for IUGR fe-
tuses at gestational ages of less than 34 weeks. The study 
population included women carrying fetuses who had re-
stricted growth, and their physicians were unsure wheth-
er early delivery would improve outcomes. They were 
divided randomly into 2 groups; the early delivery group 
delivered their babies within 48 hours of diagnosis, and 
the expectant management group underwent continued 
fetal monitoring until delivery couldn’t be delayed any-
more. There were equal rates of corticosteroid admin-
istration for fetal lung development in both groups. Both 
groups showed similar rates of death perinatally, as well 
as equal cognitive, behavior, motor, and language abilities 
seen in follow-up at 6 to 12 years. Preterm delivery did 
not significantly improve short and long-term outcomes 
in cases of IUGR (Walker et al., 2011). Another similar 
study was performed, but this study population included 
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women who were past 36 weeks gestation. The results 
were the same, with no benefit seen in early delivery 
when compared to the expectant management group 
(Boers et al., 2010).

Despite these findings, two suggestions are made by 
ACOG in cases of diagnosed IUGR: 1) in cases of isolated 
FGR, the fetus should be delivered at 38 0/7–39 6/7 weeks 
and 2) in cases of FGR complicated by other risk factors 
including abnormal dopplers and maternal risk factors, 
delivery should occur at 34 0/7–37 6/7 weeks (ACOG 
Practice Bulletin). Although the studies on delivery timing 
did not show significant improvement in outcomes with 
early delivery, the risk of stillbirth in IUGR fetuses, es-
pecially those with abnormal dopplers, is high. Therefore, 
the risk to the growth-restricted fetus in utero is consid-
ered higher than the risk of late prematurity.

If a growth-restricted fetus is at severe risk of nega-
tive outcomes prior to 34 weeks gestation, indicating the 
need for preterm delivery, certain steps can be taken to 
provide the best chance of a positive outcome. Firstly, the 
delivery should take place in a center that has a NICU, 
and a maternal-fetal medicine specialist should be con-
sulted to ensure proper planning. Additionally, if IUGR has 
been diagnosed and subsequent fetal monitoring indicat-
ed the need for early delivery, corticosteroids should be 
given to the mother prior to delivery since it aids in fetal 
lung maturation, thereby improving neonatal outcomes 
(Roberts & Dalziel, 2006). If IUGR is not detected until 
the fetus is in distress, there may not be sufficient time 
to administer the corticosteroids, leading to an increased 
risk of neonatal respiratory distress.

Conclusion
The detection of intrauterine growth restriction at a 
point in pregnancy when proper management can still 
be initiated is low. Data suggests that aside from current 
methods, including fundal height measurements, there 
are other approaches which can improve the detection 
rate. Implementing a multipronged approach, including 
analyzing maternal serum analytes, observing uterine ar-
tery dopplers, and assessing fetal heart rate trends, can 
potentially improve the rate of early diagnosis of IUGR by 
a significant amount. Each method alone did not surpass 
current detection rates from fundal height measurements. 
However, by combining the three approaches along with 
current practices, more cases of IUGR can be detected, 
thus avoiding neonatal morbidity and mortality caused by 
late or missed diagnoses. None of the testing discussed 
in the paper poses any risk to the mother or fetus since 
they are non-invasive tests. Therefore, it may be a rea-
sonable option to add testing during prenatal care to 

better predict cases of IUGR. If IUGR is detected, some 
research has shown that the administration of aspirin can 
improve outcomes. This would be expected based on the 
vascular pathology of IUGR and the mechanism of action 
of aspirin. However, due to conflicting data from reliable 
sources, more research is required to determine aspirin’s 
effect on uteroplacental circulation. Finally, results of var-
ious studies have not shown expected improvement in 
outcomes with early delivery, yet ACOG continues to 
recommend the delivery of a high-risk IUGR fetus pre-
maturely. It is reasonable to suggest that this is based on 
the assumption that the risk of prolonged impaired blood 
flow is too high, outweighing the relatively mild risks of 
late prematurity. However, more research must be con-
ducted to ascertain the effectiveness of early detection 
methods and management protocols. 
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