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Fetal growth restriction (FGR) continues to be a leading cause of preventable stillbirth and poor neu-
rodevelopmental outcomes in offspring, and furthermore is strongly associated with the obstetrical
complications of iatrogenic preterm birth and pre-eclampsia. The terms small for gestational age (SGA)
and FGR have, for too long, been considered equivalent and therefore used interchangeably. However, the
delivery of improved clinical outcomes requires that clinicians effectively distinguish fetuses that are
pathologically growth-restricted from those that are constitutively small. A greater understanding of the
multifactorial pathogenesis of both early- and late-onset FGR, especially the role of underlying placental
pathologies, may offer insight into targeted treatment strategies that preserve placental function. The
new maternal blood biomarker placenta growth factor offers much potential in this context. This review
highlights new approaches to effective screening for FGR based on a comprehensive review of: etiology,
diagnosis, antenatal surveillance and management. Recent advances in novel imaging methods provide
the basis for stepwise multi-parametric testing that may deliver cost-effective screening within existing
antenatal care systems.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Fetal growth restriction (FGR) is one of the most common
pregnancy complications faced by obstetricians, affecting around
3—9% of all pregnancies. FGR may be the largest population-based
attributable risk factor for preventable stillbirth, present in up to
30% of such cases [1-5]. Identifying reduced fetal growth is
therefore of critical importance, since low-birthweight infants have
a four-fold higher risk of perinatal death and experience worse
neurodevelopmental outcomes, which include alterations in brain
volume, myelination, cortical structure and connectivity [6]. They
also have higher rates of conditions associated with prematurity,
such as respiratory distress syndrome and necrotizing enterocolitis
[7]. Not only does poor growth in utero impose a health risk in the
perinatal period, but it can also ‘program’ the fetus for long-term
disease, also known as the ‘Barker hypothesis’. For example,
school-aged children born growth-restricted have higher rates of
impaired cognition, memory, attention and gross motor pro-
ficiencies [6]. By adulthood, low birthweight is associated with
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increased prevalence of hypertension, coronary artery disease,
diabetes, metabolic syndrome, and dyslipidemia [8,9]. The conse-
quences of low birthweight therefore extend well beyond the
postnatal period, and the extent to which more effective perinatal
care could address these concerns remains unknown.

2. Etiology

Whereas the pathophysiology of small fetuses may comprise
maternal, fetal, or placental factors, elements of more than one
category may also be present in individual circumstances. Maternal
clinical risk factors for FGR include nulliparity [10], late maternal
age [11], ethnicity (African-American and South Asian) and ex-
tremes of body mass index [12]. Maternal consumption of alcohol
or drug use of cocaine, heroine, and cigarette smoke also increases
the risk of FGR [13—15]. Prescription medications may also act as a
teratogen for growth, most usually anti-seizure, anticoagulant and
antineoplastic drugs (further information: http://motherrisk.org).
On a global scale, maternal malnutrition can also contribute up to
40% of cases of FGR. This contribution is especially prevalent in
developing countries, and is illustrated by the INTERGROWTH-21st
project which demonstrated that, under optimal maternal condi-
tions, fetuses grow similarly in different parts of the world [16].
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Lastly, IVF and twin pregnancies (especially monochorionic twins
who experience twin-to-twin transfusion syndrome) are both at a
higher risk of this condition [17]. Fetal factors contributing to
reduced growth include: genetic syndromes or chromosomal an-
euploidies (especially triploidy and trisomies 18 and 9, which may
account for >10% of cases of early FGR [18]), some forms of
congenital heart disease, genetic effects of consanguinity, inborn
errors of metabolism, and a range of vertically transmitted
maternal infections (including the ToRCH infections: toxoplas-
mosis, other (syphilis, varicella-zoster, parvovirus B19), rubella,
cytomegalovirus, and herpes) [3,19]. Where the cause of FGR is
suspected to be of fetal origin, invasive testing of the placenta,
amniotic fluid or maternal serum may be used to establish single
gene disorders or infections as a fetal diagnosis of FGR.

In the absence of suspected intrinsic fetal disease — which, as
described above, is rare — the focus for recent screening strategies
in otherwise normal pregnancies is on suspected abnormal
placental function, often described as “placental insufficiency,” as
the placenta may be one of the largest contributors to underlying
disease. Reduced or unstable utero-placental blood flow can cause
hypoxia-reperfusion injury to placental villi which often also
triggers pre-eclampsia [20]. The placental villi are then disrupted in
their normal development, developing syncytial knots, which have
impaired secretion of the pro-angiogenic placenta growth factor
(PIGF) and enhanced secretion of the anti-angiogenic protein sol-
uble fms-like tyrosine kinase-1 (sFlt-1) [21]. Placentas of women
with FGR fetuses demonstrate more severe placental pathologies,
such as decidual vasculopathy, placental infarction, distal villous
hypoplasia and fetal thrombotic vasculopathy [22,23]. Not only can
these pathologic changes within the placenta be recognized by
abnormal umbilical artery (UA) Doppler [24], they can also be
recognized by an altered sFIt-1:PIGF ratio in maternal blood [25],
which is currently speculated to be a powerful new adjunct to
estimated fetal weight (EFW) measurement in the recognition of
placental insufficiency as a cause of FGR [26].

3. Fetal growth restriction classification and diagnosis

The current Canadian clinical guideline defines FGR as an EFW
<10th percentile due to a pathological process, implying that the
smaller fetus is failing to meet its natural growth potential [27]. The
American guideline is similar, but defines FGR merely as an EFW
<10th percentile [28]. In Europe, the TRUFFLE consortium (trial of
randomized umbilical and fetal flow in Europe) used the definition
of abdominal circumference (AC) < 10th percentile and UA Doppler
pulsatility index (UA-PI) >95th percentile [2]. The Barcelona group
defines FGR postnatally as the combination of an SGA newborn
with birthweight <10th centile accompanied either by abnormal
Doppler waveforms or merely by birthweight <3rd centile [29]. The
Royal College of Obstetricians and Gynaecologists in the UK defines
FGR as an AC or EFW <10th percentile; this remains the simplest
clinically useful surrogate for FGR to date, with the exception of
reduced growth velocity made by serial AC measurements [30].

Fetuses found to be < 3rd centile should always be considered
high risk, as the highest rate of preventable stillbirth occurs below a
birthweight in the 3rd centile (25.4 per 1000 births), whereas the
lowest rate is found between the 70™ and 84th centiles (2.4 per
1000 births) [31,32]. However, those fetuses whose growth falls
between the 10th and 25th centile still incur twice the risk of
perinatal mortality compared to those in the 75th—90th centile [7],
demonstrating that perinatal risk occurs across a continuum of fetal
growth ranges. The most recent large-scale population-based study
indicates that fetuses outside the EFW centile range 25—85% have
higher risk of perinatal complications, and therefore merit ongoing
surveillance throughout gestation [33].

In addition to EFW centile, FGR can be delineated as early or late
onset, depending on the gestational age of disease recognition [34].
Early-onset FGR, typically recognized <32 weeks of gestation, oc-
curs in ~20—30% of all cases and is often discovered due to co-
existing chronic hypertension or pre-eclampsia [2,35] and is
largely associated with underlying placental pathology [22,24,36].
Late-onset FGR (>32 weeks) occurs in ~70% of cases, but is less
strongly associated with hypertensive disorders (~10% of cases)
[35]. Stratification of FGR based on gestational age has great clinical
utility since both the short-term maternal—fetal risks and the rate
of disease progression differs, which in turn demands largely
distinct management strategies.

4. Current methods of detection
4.1. Symphysis fundal height

Predating the use of ultrasound, Leopold's maneuvers and the
measurement of symphysis fundal height (SFH) were historically
used to assess gestational age and fetal growth. It remains an
important component of the physical exam in antenatal care,
especially in low-resource settings where ultrasound imaging is
less available. Whereas extremes of SFH measurements are diag-
nostically important, SFH as a universal screening test for FGR is
ineffective due to low sensitivity (17%) [37] and is not recom-
mended in the Cochrane review [38]. The utility of SFH, may,
however, be improved by customization which provides an indi-
vidual predicted SFH growth curve based on physiologic variables
of maternal height and weight, parity, previous birth weights, and
ethnicity [39].

4.2. Ultrasound biometry

Estimated fetal weight is easily assessed using two-dimensional
ultrasound measurements of the fetal AC, biparietal diameter and
femur lengths. The Hadlock C formula is widely used [40,41],
though multiple formulas exist which differ in their accuracy
depending on the presence or absence of fetal asymmetry, espe-
cially short femurs [42]. EFW is then compared to a reference curve,
ideally a fetal growth curve [43], as opposed to an unadjusted
population-based birthweight curve (which disproportionately
includes FGR fetuses at lower gestational ages) or to one that is
customized for physiologic determinants of birthweight [44]. A
meta-analysis approach, comparing the use of customized with
population-based growth curves for the prediction of adverse
outcomes associated with SGA birth in 20 observational studies,
found similar rates for the prediction of serious adverse outcomes
attributable to FGR [45]. Interestingly, a recent Scottish population-
based analysis, involving 979,912 pregnancies, demonstrated no
improvement in prediction of FGR-related morbidity by adopting
partial customization tools [33]. Scotland is a relatively homoge-
neous population when compared with large North American ur-
ban centers, and customization may be most relevant in large
multi-cultural cities with high rates of immigration [46], espe-
cially if fetal growth curves are not used to define growth in utero.
Currently, we recommend adoption of an AC-derived fetal growth
chart, such as that developed by Chitty et al. [43]. An alternative is
to use the recently published World Health Organization
INTERGROWTH-21 charts [47]. However, when compared to
birthweight customization, it was concluded that local validation of
this international population standard is needed prior to imple-
mentation to ensure accurate classification of infants at increased
risk of perinatal morbidity and mortality [48].

Against the background of this debate, we know that universal
third-trimester ultrasound evaluation of fetal growth substantially
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increases the detection of the SGA fetus compared with selective
ultrasound (57% vs 20% detection of SGA infant respectively) [30],
but the cost of such a program and the risk to women from false-
positive testing caution against widespread adoption.

Reduced fetal growth velocity also may be used to identify true
FGR fetuses with greater sensitivity than a mere EFW <10th centile,
but implies the need for at least two ultrasound examinations. In a
prospective observational study of 1116 women diagnosed with
FGR, pregnancies that progressed along a pathological fetal growth
trajectory had an increased risk of pre-eclampsia, abnormal UA
Dopplers, earlier gestational age of delivery, and neonatal intensive
care unit admission compared to fetuses with sustained growth
trajectories [49]. Thus, serial AC measurements have refined the
diagnostic accuracy to predict neonatal morbidity due to FGR.

4.3. Doppler ultrasonography

4.3.1. Umbilical artery

If abnormal development of the feto-placental vascular anatomy
leads to a reduction in the placental surface area for maternal—fetal
gas exchange which exceeds 30%, clinical manifestations occur via
increased pulsatility in UA Doppler waveforms [50—52]. When the
UA PI is > 95th percentile, the observed reduced or absent end-
diastolic flow patterns are highly predictive of downstream
placental vascular insufficiency [53]. These Doppler changes may
precede acute fetal deterioration by up to seven days [54]. UA
Doppler is therefore a useful diagnostic test in the setting of early-
onset FGR detected by fetal biometry, but due to its rarity in the
general population, UA Doppler is not recommended as a screening
test in low-risk pregnancies [55]. In addition, late-onset FGR
pregnancies typically have normal UA Doppler [56], therefore it
provides minimal screening utility after 34 weeks gestation.

4.3.2. Uterine artery

Uterine artery (UtA) Doppler can identify placental insufficiency
due to the most frequent pathology, namely maternal vascular
malperfusion (MVM) of the placenta [24]. For example, in a study of
65,819 singleton pregnancies, UtA-PI in the highest decile at 20—24
weeks was found in 80% of stillbirths occurring <32 weeks gesta-
tion with concurrent conditions associated with placental insuffi-
ciency (pre-eclampsia, abruption and/or SGA) [57]. In another large
cohort study, UtA Doppler resistance in the top decile was strongly
associated with subsequent “preventable” stillbirth often associ-
ated with undiagnosed FGR [58]. Since no screening studies to date
have tested any intervention, this ultrasound test is not recom-
mended for routine use in low-risk pregnancies [55]. When per-
formed later in the third trimester, when the most severe FGR
pregnancies have delivered, UtA Doppler was found to have no
adjunct role in addition to AC-derived detection of FGR [30]. UtA
Doppler is therefore most useful as a diagnostic test in the setting of
a pre-identified early-onset FGR. Likewise, fetal Doppler studies of
the middle cerebral arteries and ductus venosus have prognostic
utility in the setting of early-onset FGR [56,59], but are also not
recommended for generalized screening of fetal health.

5. Novel approaches to screening
5.1. Maternal serum biomarkers and multi-parametric models

The existence of serum biomarkers, obtained for the purposes of
screening for Down Syndrome [60], has generated much interest in
their potential use to identify pregnancies with severe placental
dysfunction prior to the development of clinical complications
[57,61—63]. Several large cohort studies have combined these
markers with currently available surveillance approaches across

each trimester in attempts to develop potential screening methods
to predict cases of FGR. In 2014, a prospectively recruited cohort of
4970 women evaluated a multi-parameter screening model
comprised of maternal risk factors, maternal serum pregnancy-
associated plasma protein-A, B-human chorionic gonadotropin,
maternal blood pressure and UtA Doppler preformed in the first
trimester and reported a 73% sensitivity for early-onset FGR, which
was reduced to 32% for late-onset FGR (false-positive rate of 15%)
[63]. Subsequently, this group published a larger cohort of 9150
women in whom maternal characteristics, blood pressure, UtA-PI,
PIGF, and sFlt-1 in the first trimester increased the sensitivity of
detection for early-onset FGR to 86% and 66% for late-onset FGR
(defined as birth weight <3rd percentile or ultrasound EFW <10th
percentile plus abnormal Doppler measurements (false-positive
rate 10%)) [64]. The overall prediction of FGR (67%) was significantly
higher than for SGA (42%), illustrating the importance of making
this diagnostic distinction [65].

In the second trimester, the SCOPE consortium examined 5606
pregnancies and found that the combination of 15-week bio-
markers, clinical risk factors and 20-week ultrasonography had
only a moderate detection for all SGA pregnancies (area under the
curve (AUC): 0.69; 95% confidence interval (CI): 0.66—0.73; positive
predictive value (PPV): 32%; negative predictive value (NPV): 91%),
and this was mildly improved with the subset of women who had
hypertensive SGA pregnancies (AUC: 0.84; 95% CI: 0.78—0.89; PPV:
20%; NPV: 98%) [66].

An alternative strategy is to universally screen using ultraso-
nography in the third trimester, when FGR is more likely to present
[30]. Using a multi-parametric approach in the third trimester,
Miranda et al. conducted a prospective nested case—control cohort
study in 1590 women. Their integrated model comprised maternal
risk factors, EFW, UtA Doppler, PIGF, and unconjugated estriol,
achieving sensitivity of 61% for SGA increasing to 77% for FGR [29].
Interestingly, in women who presented with suspected pre-
eclampsia between 20 and 34 weeks gestation, PIGF was found to
have the highest sensitivity of 93% (95% CI: 84—98) and NPV of 90%
(95% CI: 76—97) for FGR <3rd centile out of 47 biomarkers exam-
ined [26]. More recently, low PIGF (<5th centile) was demonstrated
to predict FGR with underlying placental pathology with a sensi-
tivity of 98% and specificity of 75% [67]. These studies emphasize
the potential of just one robust biomarker, namely PIGF, to over-
come the inherent limitation of one EFW ultrasound to recognize
true FGR with high sensitivity. In this setting, PIGF may obviate the
need for serial ultrasounds to define fetal growth velocity, at least in
a majority of screening pregnancies where both EFW and PIGF are
normal. This combination has the potential to achieve a much
higher level of screening precision, such that any intervention in
screen-positive women greatly outweighs potential harm in
women who have false-positive tests.

5.2. Nucleic acids, proteins, vesicles, and metabolites

Non-invasive prenatal testing (NIPT) takes advantage of circu-
lating fetal DNA (cfDNA) in maternal plasma to screen for aneu-
ploidies. Similarly, circulating placental RNA (cpRNA) may also be
detected in blood, serum, plasma, urine, and amniotic fluid as early
as first trimester [68—70]. Accumulating evidence indicates that
serum cpRNA, urinary metabolites, cord blood metabolites, and
amino acid levels are altered in women who develop FGR compared
to those who deliver infants in the normal birthweight range
[68,71—73]. Placental exosomes, which are signaling extracellular
vesicles currently being investigated for other conditions of
placental dysfunction such as pre-eclampsia [74,75], may also
provide novel insight into mechanisms of placental-mediated FGR.
Future techniques for detection of specific analytes may also
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include microarrays, next-generation sequencing, and digital po-
lymerase chain reaction, which can identify RNA analogs (micro,
circular and long noncoding RNA). These types of more sophisti-
cated biomarkers may have the potential to distinguish certain
types of FGR (i.e. fetal vs placental disease), but since placental
contributions are much more common, it is likely that such bio-
markers would have to outperform PIGF, which is rapidly emerging
as an effective screening and diagnostic tool in the context of FGR.

6. Timing of delivery

In management of FGR, the entire clinical context, and especially
gestational age, should be weighed in order to balance the risks of
prematurity and potentially iatrogenic effects of delivery against
those of stillbirth and long-term neurodevelopmental impair-
ments. Despite ongoing research, delivery remains the only effec-
tive intervention to reduce perinatal mortality. The Growth
Restriction Intervention Trial evaluated immediate versus delayed
delivery in 548 women who presented with fetal compromise
across a wide gestational range (24—36 weeks) [76]. This multi-
center trial found no difference in perinatal mortality or major
disability at two years between these two groups. The only differ-
ence occurred in extreme preterm deliveries <31 weeks, where 13%
of babies in the immediate delivery group had neurological
disability versus 5% for whom delivery was delayed [76]. This was a
landmark publication, though its relevance has largely been su-
perseded by the results of trials that focused separately on two
broad categories of FGR. In early-onset FGR (between 26 and < 32
weeks of gestation), the TRUFFLE Consortium demonstrated that
ductus venosus Doppler is the best monitoring tool to determine
delivery [59]. In late-preterm FGR (between 34 and < 37 weeks
gestation), induction of labour demonstrated a reduced stillbirth
rate compared with expectant management (0.8% vs 3.1%), but
interestingly no advantage for induction in term FGR pregnancies
(37 to <39 weeks gestation) [77]. Similarly, the DIGITAT trial found
that there was no difference in adverse outcomes between induc-
tion of labour and expectant monitoring in near-term FGR cases
[78]. One caution with this trial is that a substantial population
(>40%) of recruited subjects had no postnatal evidence of FGR.
Currently, there is no international consensus for the optimal
timing or mode of delivery across gestation in cases of FGR due to
lack of power for important perinatal outcomes.

Figueras and Gratacés [56] recommend a stage-based approach
to SGA and FGR pregnancies. (1) SGA fetuses: If no objective evi-
dence of FGR is present, these fetuses should be delivered by in-
duction of labour at 40 weeks. (2) FGR stage I: FGR fetuses
presenting earlier in gestation with FGR and/or mild placental
insufficiency (abnormal UA, UtA, middle cerebral artery or cerebral
placental ratio Dopplers) should have weekly monitoring with in-
duction of labour if undelivered by 37 weeks. (3) FGR stage II: FGR
with severe placental insufficiency determined by UA absent end-
diastolic velocity; these pregnancies can be monitored twice
weekly with delivery by 34 weeks. (4) FGR stage Il cases with
advanced deterioration determined by UA reversed end-diastolic
velocity or ductus venosus PI > 95th centile; pregnancy is gener-
ally monitored every 24—48 h, with delivery by cesarean section
following maternal corticosteroids and magnesium sulfate admin-
istration by 30 weeks gestation. (5) FGR stage IV cases of severe FGR
presenting with unprovoked FHR decelerations require immediate
comprehensive sonographic evaluation to exclude intrinsic fetal
causes. Structurally normal fetuses, in this context, typically show
reversed ductus venosus a-wave flow, and have a degree of meta-
bolic acidosis. They should therefore be delivered imminently by
cesarean section at a tertiary level facility [56], without delay to
administer steroids, if the fetal heart rate tracing is abnormal [79].

7. Potential therapies

Low-dose aspirin has been extensively studied for the preven-
tion of placenta-related complications, principally pre-eclampsia
and FGR. Systematic reviews of FGR pregnancies indicate a me-
dian increase in birth weight of around 150 g with this treatment
[80]; however, this is insufficient to impact perinatal mortality or
any composite of serious morbidity. To be effective, aspirin must be
commenced by 16 weeks [81]; therefore, a screening strategy must
be based either on clinical risk factors alone [28,82] or integrated as
part of multi-parametric screening in early pregnancy during a
window occurring before the onset of disease that allows for
therapeutic intervention. Multi-parametric screening offers
enhanced sensitivity for pre-eclampsia, but poses logistic chal-
lenges for implementation and significant additional costs [83].
Most recently, the UK Fetal Medicine Foundation deployed multi-
parametric screening in 26,941 women and randomized 1776
considered at high risk for preterm pre-eclampsia, demonstrating a
substantial reduction in preterm pre-eclampsia (OR: 0.38; 95% CI:
0.2—0.74) using 150 mg aspirin daily, but this treatment had no
effect upon the rate of preterm SGA birth (OR: 1.0; 95% CI:
0.42—2.46) [84].

Several research groups are currently investigating additional
compounds that may augment fetal growth, in addition to aspirin.
Two recent large randomized control trials focusing on low-
molecular-weight heparin (LMWH) have clarified the role of this
drug. The EPPI trial (Enoxaparin for the Prevention of Pre-eclampsia
and Intrauterine growth restriction in women with a prior history),
conducted in Australia and New Zealand, randomized 150 women,
considered at risk for preterm pre-eclampsia and FGR, to enox-
aparin LMWH or no LMWH (97% participants also took aspirin). In
this trial no difference in clinical outcome was found [85]. These
findings were consistent with the larger (249 participants) Euro-
pean Heparin—Preeclampsia (HEPEPE) trial of similar design [86].
However, a recent meta-analysis suggests that effects may be due
to the distinct type of LMWH used, as dalteparin but not enoxaparin
reduces the risk of FGR [87].

Plasma volume expansion given with nitric oxide donors and
anti-hypertensives has also been shown to improve both maternal
and fetal hemodynamics, to prolong pregnancy (~17 days), and to
increase birthweight in cases of FGR occurring with hypertensive
disorders [88]. However, this treatment approach needs to be
tested in a larger randomized clinical trial before incorporation into
practice. The Sildenafil Therapy In Dismal prognosis Early-onset
intrauterine growth Restriction (STRIDER) trial international con-
sortium has commenced several studies to investigate whether
maternal treatment with sildenafil (a phosphodiesterase-5 inhibi-
tor) can improve uteroplacental flow to deliver improved perinatal
outcomes in established FGR pregnancies [89]. These results of the
UK STRIDER trial were recently reported in abstract form by Alfir-
evic et al. at the 14th World Congress in Fetal Medicine and showed
no effect of this drug on fetal growth [90]. Data in sheep models of
FGR have shown that vascular endothelial growth factor (VEGF)
adenovirus administration increases UtA vasodilation, blood flow,
and fetal growth [91]. As such, the multi-center EVERREST trial is
currently examining the progression of outcomes in fetuses with
extreme FGR (<3rd centile and weighing <600 g) presenting be-
tween 20 and 27 weeks of gestation [92]. After characterization of
their cohort, the aim of their study is to conduct a randomized pilot
clinical trial, testing maternal VEGF gene therapy in severe early-
onset FGR pregnancies [93]. Lastly, folic acid supplementation pre
and post conception may also play a protective role against SGA
pregnancies; however, in most resource-rich settings, women are
rarely folate deficient [94].
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8. Conclusions

The identification of SGA babies is an incomplete and imprecise
surrogate marker of FGR. Research studies that include the rigor of
distinguishing FGR from SGA are now being rewarded with more
stringent data (higher sensitivity in screening studies) which, in
turn, may lead to the delivery of improved overall clinical outcomes
following specific interventions. The sensitivity for FGR will be
enhanced if a cost-effective approach can be found to measure fetal
growth velocity, as opposed to EFW, because a wide group of fe-
tuses at <25th centile have increased risks of morbidity and mor-
tality related to FGR. In this context maternal serum angiogenic
growth factor testing at an initial EFW ultrasound, especially PIGF,
holds great promise as a substitute for interval growth EFW ultra-
sounds. Therefore, future large-scale intervention studies are
highly likely to combine ultrasound and PIGF to determine
screening precision prior to implementing an intervention in
screen-positive women.

Practice points and research directions

e The delivery of improved clinical outcomes will be enhanced by
more accurate methods that distinguish fetuses that are path-
ologically growth-restricted from those that are constitutively
small and healthy.

e Low-dose aspirin does not appear to promote fetal growth in
pregnancies with suspected placental insufficiency in early
pregnancy. A greater understanding of the placental basis of
both early- and late-onset FGR may lead to improvements in
screening and diagnosis (such as use of the PIGF blood test) and
offer insight into new treatment strategies that preserve
placental function in a disease-specific targeted manner.

e Fetuses growing in the 25M_85th centile range have the lowest
rates of severe perinatal morbidity and mortality. Improved
clinical outcomes for FGR pregnancies may require greater
attention, for example by defining subsequent fetal growth ve-
locity in all fetuses with an EFW <25th centile.

e The new maternal blood biomarker PIGF holds great potential as
an adjunct to ultrasound for both the diagnosis and manage-
ment of FGR pregnancies. A single measurement of PIGF in
pregnancies with an EFW <25th centile may reduce the need for
subsequent growth ultrasounds by indicating constitutionally
normal growth at <25th centile.

e Though multi-parameter screening algorithms in early preg-
nancy have high test precision, they are presently not justified
since no intervention strategy in screen-positive women has
demonstrated any significant overall benefit.
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