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Abstract: The association between stillbirth and fetal
growth restriction is strong and supported by a large
body of evidence and clinically employed for the still-
birth prediction. However, although assessment of fetal
growth is a basis of clinical practice, it is not trivial,
Essentially, fetal growth is a result of the genetic growth
potential of the fetus and placental function. The
growth potential is the driving force of fetal growth,
whereas the placenta as the sole source of nutrients and
oxygen might become the rate limiting element of fetal
growth if its function is impaired. Thus, placental
dysfunction may prevent the fetus from reaching its full
genetically determined growth potential. In this sense
fetal growth and its aberration provides an insight into
placental function. Fetal growth is a proxy for the test of
the effectiveness of placenta, whose function is other-
wise obscured during pregnancy.
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Stillbirth is strongly associated with fetal
growth restriction (Fig. 1). The risk fac-
tors and potential causes of stillbirth and
fetal growth restriction largely overlap.
Fetal growth restriction is associated with
a number of maternal, fetal, and placental
risk factors. Maternal smoking, low edu-
cational level, advanced maternal age,
nulliparity, and black race are associated
with increased risk of fetal growth restric-
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tion and stillbirth. Also maternal hyper-
tensive disorders, including chronic
hypertension, preeclampsia, HELLP syn-
drome and eclampsia, pre and gestational
diabetes, systemic lupus erythematosus,
chronic renal disease, and thyroid disor-
ders are associated with increased rate
of both fetal growth restriction and still-
birth.? The strong relationship between
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FIGURE 1. Fetal mortality rate as a func-
tion of birth weight. Fetal mortality rate ex-
pressed as a number of stillbirths per 1000 live
birth and stillbirth in each birth weight cate-
gory. Stillbirth is defined as fetal death at or
after 20 weeks of gestation. Data from 2005
US national statistics.!
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fetal growth restriction and stillbirth is
emphasized by the observations that prior
delivery of a growth restricted infant is
among the strongest risk factors for still-
birth, comparable to the history of prior
stillbirth.2 Fetal risk factors, multifetal
gestation, fetal congenital structural and
chromosomal abnormalities, and fetal in-
fections are also associated with both fetal
growth restriction and with stillbirth.?
Moreover, the same is also observed
among placental risk factors for fetal
growth restriction. Placental abruption
and perhaps confined placental mosai-
cism are associated with increased rates
of fetal growth restriction and stillbirth.3#

The placental function is critical in the
causation of stillbirth and studies of var-
ious aspects of placental function support
its important role. Patterns of high resis-
tance flow on fetal and maternal sides of
the placenta, maternal concentrations of
placental hormones, and placental patho-
logic changes are associated with both
stillbirth and fetal growth restriction.
During uncomplicated pregnancy on the
maternal side of placental circulation,
high resistance patterns of flow in the first
half of pregnancy are replaced with low
resistance circulation in the later half.
This conversion results from invasion of
maternal spiral arteries by extravillous
trophoblast and can be assessed by uter-
ine artery Doppler velocimetry. An un-
successful invasion of the spiral arteries
results in persistence of high resistance
circulation on the maternal side of the
placenta and is associated with increased
risk of fetal growth restriction and still-
birth.>® The high resistance flow on the
fetal side of placental circulation is also
associated with fetal growth restriction
and stillbirth.”® These high resistance
flow patterns of the fetal side of placental
circulation have been seen to be asso-
ciated with maldevelopment of villi and
their circulation.’

The importance of placental function
in the causation of stillbirth is not con-
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fined to placental circulation. The placen-
ta is a powerful source of hormones and
other placenta-derived proteins, which
can be measured in the maternal circula-
tion. Elevated maternal concentrations of
a~fetoprotein (AFP) and human chorio-
nic gonadotropin (hCG) in the second
trimester of pregnancy are associated with
both growth restriction and stillbirth.!°
Maternal AFP concentrations. above
the 95th percentile were associated with
almost 3 fold increase in the risk of
stillbirth (odds ratio 2.8, 95% CI 2.1-3.7)
whereas hCG concentrations above the
95th percentile with a 2-fold increase
risk of stillbirth (odds ratio 1.9, 95%
CI 1.4-2.7). Moreover, elevated maternal
concentrations of AFP were even more
strongly associated with unexplained
stillbirths with fetal growth restriction.!°

Moreover, placenta-derived proteins
Pregnancy Associated Plasma Protein A
(PAPP-A) and soluble fms-like tyrosine
kinase-1 (sFlt-1) measured in early preg-
nancy between 10 and 14 weeks are also
associated with stillbirth and fetal growth
restriction. These associations show the
importance of placental function and its
proxy fetal growth restriction in stillbirth
causation and prediction, respectively.
They also show early pregnancy origins of
stillbirth. Women with PAPP-A concentra-
tion <fifth percentile in the first trimester
had a 4-fold increased risk of stillbirth (odds
ratio 3.9, 95% CI 1.3-11.7).3 Furthermore,
these women had a 40 to 50-fold increased
risk of stillbirth related to fetal growth
restriction or placental abruption.> The
risk of stillbirth is also increased in women
with lower maternal first trimester concen-
trations of sFlt-1, a potent placenta-derived
antiangiogenic factor. One decile increase
in the concentration of sFlt-1 was asso-
ciated with an over 20% reduction in the
risk of stillbirth associated with placental
abruption or fetal growth restriction (odds
ratio 0.77, 95% CI 0.61-0.95).11

Specific placental pathologic changes
have also been associated with stillbirth.
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Placentae of unexplained stillbirth, thus
unrelated to known risk factors, with fetal
growth restriction show changes consis-
tent with chronic placental dysfunction.'?
Conversely, unexplained stillbirths with-
out fetal growth restriction are associated
with placental changes suggestive of acute
placental dysfunction.!? The foregoing,
clearly indicates that placental function
is a crucial element in the causative path
leading to a large proportion of stillbirths.
It also shows that in stillbirths, abnormal
placental function, measured either by
aberration of placental blood flow resis-
tance or production of placenta-derived
proteins, is strongly associated with fetal
growth restriction. Thus, this supports the
role of fetal growth restriction as a proxy
for abnormal placental function and as a
predictor of stillbirth.

However, the effectiveness of fetal
growth monitoring in prediction of still-
birth depends strongly on accuracy of
fetal growth assessment. The accurate
assessment of fetal growth is important
in clinical practice and in research on
stillbirth prediction and prevention. The
latter is challenging and the results are
often affected by the accuracy of gesta-
tional age estimates, by the effect of the
time interval between time of fetal death
and time of delivery, by the effects of
genetically determined individual charac-
teristics on fetal growth and by the defini-
tion of what is considered aberrant fetal
growth.

As fetal growth is an exponential func-
tion of gestational age, the accuracy of the
gestational age estimate is critical in esti-
mating if the growth is adequate. The
estimates are based either on menstrual
or early ultrasound criteria. However,
menstrual dating is associated with a sys-
tematic error that overestimates the rate
of preterm birth.!>'% Comparing with
early ultrasound dating, menstrual esti-
mates of gestational age misclassify ap-
proximately 25% of term pregnancies
as preterm.'* Such underestimation of

gestational age by menstrual dating re-
sults also in underestimation of the rate of
fetal growth restriction, as a lower gesta-
tional age is assigned for a given birth
weight. This misclassification of gesta-
tional age in preterm is of a special sig-
nificance for stillbirth, because the vast
majority of stillbirths occur before term.!

In the case of stillbirth, gestational age
estimate and thus the rate of fetal growth
restriction are additionally affected by the
time interval between time of death and
time of delivery. Ideally, gestational age at
the time of death should be used to deter-
mine gestational age used for assessment
of fetal growth, however, time of death is
rarely precisely known. The studies that
address the time interval between fetal
death and time of delivery show that,
although median interval is quite short,
approximately 30 hours, the range is quite
wide and skewed toward longer inter-
vals.!5 It has been shown that in approxi-
mately 20% of stillbirths the time interval
between time of death and time of delivery
exceeds 2 weeks.' Such large differences
in gestational age estimates would result
in overestimation of the rate of fetal
growth restriction, when much more ad-
vanced gestational age at birth is used for
estimation of fetal growth.

Even when gestational age is precisely
known, the estimate of gestational age is
affected by what is defined as normal
growth. Conventionally, birth weight is
assessed by comparison to population or
ultrasound norms. The population norms
include all pregnancies in a population
and assign percentiles based on distribu-
tion of birth weight for each gestational
age. Thus, population norms include
pregnancies with pathologic conditions
potentially affecting fetal growth and
birth weight'® and hence erroneously
“widen’” the norms. This systematic error
of population norms results in underesti-
mation of the rate of fetal growth restric-
tion. The ultrasound norms are based on
serial ultrasound estimations of fetal
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weight in uncomplicated pregnancies.
They assign percentiles based on distribu-
tion of estimated fetal weights for each
gestational age. The ultrasound norms
are usually developed in populations of
uncomplicated pregnancies, thus are not
subject to the same limitation affecting
population norms. However, by aver-
aging individual trajectories of fetal
growth, the ultrasound norms remove
physiologic variability, undermining indi-
vidualization of growth.!7-22

Customized norms predict optimal
term birth weight for each pregnancy
based on 4 maternal characteristics
maternal weight, height, parity, race, and
infant’s sex. This term optimal weight is
extrapolated to earlier gestational ages to
allow calculation of birth weight percen-
tiles for gestational ages from 20 weeks to
term. Customized norms were shown to
better detect aberrations of fetal growth
than population norms.>*2¢ However,
their accuracy in comparison to ultrasound
norms is uncertain.?’” Many factors known
to affect birth weight are not considered by
customized norms.”® They also do not
account for factors with dual physiologic
and pathologic effect on birth weight and
for early variation in fetal growth.?%3°
Consequently, their accuracy in defining
normal birth weight variability and ability
to individualize fetal growth norms is lim-
ited.3!

Traditional norms of fetal growth,
population, ultrasound, and customized
norms, systematically underestimate the
fetal growth. In a normal population,
birth weight distribution for each gesta-
tional age is expected to follow a Gaussian
distribution. In a study comparing those
norms in a carefully selected population
of normal pregnancies, without complica-
tions or adverse outcomes of pregnancy,
all those norms classified less than ex-
pected normal pregnancies above 90th
percentile and more than expected below
the 10th percentile.?! This is likely owing
to earlier mentioned “widening” of popu-
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lation norms owing to inclusion of com-
plicated pregnancies with abnormalities
of fetal growth in the norms and insuffi-
cient adjustment of norms for individual
characteristics that affect fetal growth in
ultrasound based and customized norms.

We recently developed individualized
norms of optimal fetal growth-fetal
growth potential norms, which do not
have those limitations. The growth poten-
tial norms classified above the 90th or
below the 10th percentile more compli-
cated pregnancies than either population,
ultrasound, or customized norms.?! In
pregnancies resulting in neonatal morbid-
ity, growth potential norms classified
33.3% of those fetuses as abnormally
grown, 11%, 34%, and 69% more than
customized, ultrasound, and population-
based norms, respectively.?! In the same
study unpublished data showed that fetal
growth potential classified more still-
births as growth restricted than popula-
tion norms. In fact, pregnancies identified
as growth restricted by population norms
only did not have increase risk of stillbirth
compared with pregnancies identified as
normally grown by both population and
growth potential norms (Fig. 2).

Thus, accurate estimation of fetal
growth could potentially be a good mea-
sure of placental function and thus a good
predictor of stillbirth. This could be
achieved if accurate estimates of gesta-
tional age, time of death, and the effect
of individual characteristics affecting fetal
growth could be implemented. However,
a good prediction method is insufficient
for successful prevention of stillbirth. Pre-
vention is a net result of accurate predic-
tion of a group at increased risk of
stillbirth and an effective intervention.
To date there are no effective methods
of stillbirth prevention.? This state of the
matter might reflect either inadequate
identification of groups at risk or ineffec-
tiveness of interventions in the prevention
trials. Interventions are unlikely to be
effective in all patients across diverse
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FIGURE 2. Risk of stillbirth in relation to
fetal growth restriction defined by growth
potential and population norms. Stillbirth,
defined as fetal death at or after 20 weeks 0
days of pregnancy; OR (95% CI), odds ratio
and 95% CI of stillbirth among pregnancies
with birth weight below 10th percentile by
growth potential norms only (GP <10%),
population norms only (POP <10%) and
with birth weight below 10th percentile by
both norms (Both); reference 4 unpublished
data.

patient characteristics and phenotype var-
iations. Thus an intervention effectively
preventing stillbirth in a group at high risk
may seem ineffective when applied to
unselected population. This inadequate
selection of the population at risk seems
to inflict many of the trials of fetal mon-
itoring during pregnancy to prevent still-
birth.

The main purpose of the management
of fetal growth restriction is prevention
of stillbirth. However, achieving of this
objective is difficult owing to several
limitations of techniques and concepts
employed in this management today.
First, the diagnosis of fetal growth restric-
tion is very inaccurate. Traditionally fetal
growth restriction is identified using small
for gestational age fetus or infant as a
proxy. However, it is estimated that ap-
proximately 30% of small for gestational
age infants are not growth restricted. Sec-
ond, there are to date no effective meth-
ods of stillbirth prediction or prevention.?
On account of these limitations, current
management of fetal growth restriction,
aimed at prevention of stillbirth, can only
be based on 3 evidence-supported con-
cepts. These concepts are more accurate

identification of fetal growth restriction,
use of umbilical artery Doppler velocime-
try as a pivotal test in management and on
the decision to deliver the fetus identified
as growth restricted based on results of
fetal heart rate monitoring and possibly
ductus venosus Doppler velocimetry.

The accuracy of the diagnosis of fetal
growth restriction can be increased by
serial ultrasound estimates of fetal weight.
This is because serial estimates allow as-
sessment of rate of growth or trend of
declining growth and concept of regres-
sion to the mean. The latter shows that
although all measurements are subject to
random error and form a distribution
around the true value, the subsequent
measurements are more likely than not
to be closer to the mean of this distribu-
tion, thus closer to the true value. The
accuracy of the fetal growth restriction
diagnosis can be also increased by using
individualized norms of fetal growth.3!
Those norms identify stillbirth risk better
than population norms because they ad-
just for the confounding effects of mater-
nal and pregnancy characteristics that
affect fetal growth. For example, smaller
mothers have smaller children that are not
growth restricted but rather constitution-
ally small. Finally, the accuracy of fetal
growth restriction diagnosis can be in-
creased by using additional other mea-
surements such as amniotic fluid index
and genetic ultrasound and testing. A
small for gestational age fetus identified
during ultrasound examination with oligo-
hydramnios is much more likely to be
growth restricted than one with normal
amount of amniotic fluid.>? Similarly, a
fetus with congenital malformations or
fetus with chromosomal abnormalities is
more likely to be growth restricted than 1
without those findings during genetic ultra-
sound examination or genetic testing, re-
spectively.?3

The only fetal monitoring method that
has been associated with a decrease in
perinatal mortality in systematic review
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and metaanalysis is umbilical artery Dop-
pler velocimetry in high-risk pregnancies
including fetal growth restriction.®3* In
this systematic review of 16 studies and
10,225 babies, use of umbilical artery
Doppler for management of pregnancy
was associated with 30% reduction in
perinatal mortality from 1.7% to 1.2%
(Relative risk, 95% CI; 0.71, 0.52-0.98).
Tumber of umbilical artery Doppler
examinations needed to prevent one peri-
natal death (number needed to treat, 95%
CI) was 203 (103-4352). Use of umbilical
artery Doppler velocimetry was also as-
sociated with a significant reduction in
obstetrical interventions, induction of la-
bor (relative risk, 95% CI; 0.89, 0.80-0.99)
and cesarean delivery (relative risk, 95%
CI; 0.90, 0.84-0.97). Thus the evidence of
reduction in perinatal mortality and ob-
stetrical interventions supports the use of
umbilical artery Doppler velocimetry as a
pivotal test in the management of fetal
growth restriction. In this capacity nor-
mal umbilical artery Doppler velocimetry
could be managed with serial estimates of
fetal growth and umbilical artery veloci-
metry to identify potential worsening of
placental function. Increase in the indices
of placental resistance would warrant
weekly or twice weekly fetal heart rate or
biophysical profile testing and evaluation
of ammiotic fluid index to identify fetuses
at increased risk of distress. Absence or
reversal of end-diastolic flow in the umbi-
lical artery would indicate daily or con-
tinuous fetal monitoring to determine the
optimal time of delivery. Determination
of the optimal time of delivery is difficult
because umbilical artery Doppler veloci-
metry is not well suited for this purpose
and fetal heart rate testing and fetal vessel
Doppler velocimetry were not found to
improve perinatal mortality or were not
sufficiently studied in randomized inter-
ventional trials. However, it could be
argued that the risk of stillbirth to neona-
tal death ratio in pregnancies at term
would favor delivery when there is ab-
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sence or reversal of the end-diastolic flow
in the umbilical artery, regardless of fetal
heart rate, or fetal ductus venosus Doppler
testing. In preterm pregnancies the opti-
mal time of delivery can be determined by
using a combination of fetal heart rate and
ductus venosus testing and gestational age
estimate. It is important that the suggested
approach is general and specific situations
may require its modification and that,
with possible exception of umbilical artery
Doppler velocimetry, it is not based on
high-quality evidence.

The future studies should focus first on
prediction methods in large prospective
cohorts to identify accurate methods of
assessment of fetal growth and thus accu-
rate prediction of stillbirth. The interven-
tions should then be studied in population
of pregnancies with accurately identified
fetal growth restriction, thus at high risk of
stillbirth, The common intervention in still-
birth prevention is delivery of the fetus at
risk before stillbirth occurs. In such case the
outcome of the prevention trials should be
perinatal mortality, stillbirth and neonatal
death, as preterm delivery to avert stillbirth
may result in neonatal death.
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