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agement of FGR and the decision to deliver aims at an opti-

mal balance between minimizing fetal injury or death versus 

the risks of iatrogenic preterm delivery. We propose a proto-

col that integrates current evidence to classify stages of fetal 

deterioration and establishes follow-up intervals and opti-

mal delivery timings, which may facilitate decisions and re-

duce practice variability in this complex clinical condition. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Fetal growth restriction (FGR) is defined as a failure to 
achieve the endorsed growth potential. The diagnosis of 
fetal ‘smallness’ is currently performed on the basis of an 
estimated fetal weight (EFW) below a given threshold, 
most commonly the 10th centile. It is likely that this def-
inition lacks sensitivity, so that it misses cases of growth 
restriction that do not fall below the 10th centile, but it 
identifies a subset of pregnancies at high risk of poorer 
perinatal outcome. Thus, detection of small fetuses is 
clinically relevant because as a whole this group of fetuses 
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 Abstract 

 Small fetuses are defined as those with an ultrasound esti-

mated weight below a threshold, most commonly the 10th 

centile. The first clinically relevant step is the distinction of 

‘true’ fetal growth restriction (FGR), associated with signs of 

abnormal fetoplacental function and poorer perinatal out-

come, from constitutional small-for-gestational age, with a 

near-normal perinatal outcome. Nowadays such a distinc-

tion should not be based solely on umbilical artery Doppler, 

since this index detects only early-onset severe forms. FGR 

should be diagnosed in the presence of any of the factors 

associated with a poorer perinatal outcome, including

Doppler cerebroplacental ratio, uterine artery Doppler, a 

growth centile below the 3rd centile, and, possibly in the 

near future, maternal angiogenic factors. Once the diagnosis 

is established, differentiating into early- and late-onset FGR 

is useful mainly for research purposes, because it distin-

guishes two clear phenotypes with differences in severity, 

association with preeclampsia, and the natural history of fe-

tal deterioration. As a second clinically relevant step, man-
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is associated with poorer perinatal outcome, and this rep-
resents opportunities for preventing cases of intrauterine 
fetal death, perinatal brain injury and severe intrapartum 
fetal distress. In addition, evidence accumulating over the 
last 20 years has consistently demonstrated how being 
born small has important implications for the quality of 
health during adulthood.

  Population-based series show that prenatal identifica-
tion of small-for-gestational age (SGA) babies results in a 
reduction of adverse perinatal outcomes and stillbirth  [1, 
2] . However, most SGA babies remain unnoticed until 
birth, even when routine third-trimester ultrasound is 
performed  [3, 4] . Moreover, according to pregnancy au-
dits, most instances of avoidable stillbirth are related with 
a failure to antenatally detect SGA  [5] . In order to define 
strategies to improve detection, our understanding of the 
different clinical forms and its risks factors should also be 
improved. Furthermore, there is a wide variability in the 
management of FGR in terms of monitoring and recom-
mended gestational age at delivery, mainly in early-onset 
forms. Clinical practice variability, a marker of poor qual-
ity of care, is partially accounted for by the lack of com-
parability among studies and the lack of clear recommen-
dations in the medical literature, combined with the dif-
ficulty of integrating the meaning of the myriad of 
parameters described for FGR, with the risks of delivery 
at different gestational age periods.

  In this review we analyze current evidence and suggest 
a systematic approach to FGR, which entails a proper 
identification of FGR versus SGA, and a stage-based 
management protocol which may help in reducing clini-
cal variability.

  Distinction between ‘Fetal Growth Restriction’ and 

‘(Constitutional) Small-for-Gestational Age’ 

 While overall fetal smallness is associated with poorer 
outcome, clinical evidence suggests that there are, at least, 
two groups of small fetuses. By arbitrary convention, 
these two groups are normally referred to as FGR versus 
constitutional SGA, the latter category henceforth re-
ferred as SGA.

  FGR is normally used to refer to small fetuses with 
higher risk for fetal in utero deterioration, stillbirth and 
overall poorer perinatal outcome as compared with nor-
mally grown fetuses. These fetuses are thought to have 
‘true’ growth restriction. In general, FGR is associated 
with Doppler signs suggesting hemodynamic redistribu-
tion as a reflection of fetal adaptation to undernutrition/

hypoxia, histological and biochemical signs of placental 
disease and a higher risk of preeclampsia. The term SGA 
has been used to differentiate a subgroup of small fetuses 
that do not present the changes described above, so that 
there appears to be no fetal adaptation to an abnormal 
environment and with perinatal outcomes similar to 
those of normally grown fetuses.

  Irrespective of whether these diagnostic labels are a 
proper reflection of the underlying pathophysiology, 
from a clinical point of view the distinction between FGR 
versus SGA is relevant because of the correlation with 
perinatal outcome. There is wide consensus that it is rea-
sonable to deliver electively FGR when lung maturation 
can be presumed, or earlier if signs of fetal deterioration 
are observed. On the contrary, SGA fetuses are associated 
with virtually normal perinatal outcome and it is gener-
ally considered that active management or elective deliv-
ery before full term offers no benefit. While the concepts 
of FGR and SGA may be clear, the distinction of ‘true 
FGR’ in clinical practice can be challenging. The differen-
tiation of these two forms has long been based on Doppler 
signs reflecting fetal adaptation to increased placental re-
sistance and/or hypoxia.

  Umbilical Artery as a Standalone Standard Is Not 
Valid Anymore 
 For almost 20 years, the umbilical artery (UA) has 

been widely accepted as the standard to identify FGR. 
During the 1980s and 1990s, a substantial number of 
studies demonstrated that abnormal UA Doppler indi-
cated a poorer outcome among small fetuses. In addition, 
meta-analyses have shown that UA Doppler could im-
prove mortality and perinatal outcome in FGR  [6] . This 
led to identify UA as a surrogate of placental disease and 
consequently to consider small fetuses with normal UA 
Doppler as SGA with no placental disease  [7] . However, 
this assumption was based on false premises, because it 
extended observations that are valid in the most severe 
subset of FGR fetuses to the whole group of FGR. While 
UA identifies severe placental disease, it fails to pick up 
instances of mild placental disease which constitute a 
proportion of early-onset cases and virtually all instances 
of late-onset FGR  [8] .

  Evidence during the last two decades has demonstrat-
ed that SGA, as defined by a normal UA pulsatility index 
(PI), contains a large proportion of fetuses with worse 
perinatal outcomes than normally grown fetuses  [3, 
9–11] . Thus, UA Doppler cannot be used as a standalone 
criterion to differentiate FGR from SGA.
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  Improving the Definition of Fetal Growth Restriction: 
Parameters Identifying the Small Fetus with Poor 
Outcome 
 Research over the last 10 years has investigated predic-

tors of poor outcome among mild-late forms of FGR. 
Current evidence suggests that there is not a single pa-
rameter to best differentiate FGR from SGA. The best in-
dividual candidate is the Doppler cerebroplacental ratio 
(CPR). CPR is calculated by dividing the middle cerebral 
artery (MCA) PI by the UA Doppler PI. This index re-
flects in a combined fashion mild increases in placental 
resistance with mild reductions in fetal brain vascular re-
sistance. In animal  [12]  and clinical  [13]  models this ratio 
has been demonstrated to be more sensitive to hypoxia 
than its individual components and correlates better with 
adverse outcome  [14] . Since the CPR includes the UA, it 
can replace its use for the detection of FGR at any gesta-
tional age.

  Aside from CPR, the uterine artery Doppler PI (UtA 
PI) can be abnormal in the presence of a normal UA
Doppler in small fetuses and predicts a poorer outcome 
in small fetuses. If used in combination with the cerebral 
or umbilical Doppler, its independent predictive value is 
reduced, but evidence still suggests that it can marginally 
improve the identification of poor outcome  [11, 15, 16] . 
Another predictor of poor outcome is a very small EFW. 
Among fetuses below the 10th centile, those with an EFW 
<p3 have a much higher risk of adverse perinatal outcome 
irrespective of the CPR and UtA Doppler indices  [17] .

  Therefore, when either CPR, UtA PI or EFW <p3 is 
abnormal, the risk of adverse perinatal outcome is in-
creased. In a recent study including 500 small fetuses and 
500 normally grown fetuses, the risk of cesarean section 
for fetal distress or neonatal acidosis was 8% in controls, 
11% when all the three parameters were normal and 36% 
when any was abnormal  [18] .

  Thus, the definition of FGR should include these three 
parameters. The impact of using such an ‘extended’ defi-
nition in the distinction of small fetuses as FGR or SGA 
in comparison to a classical UA-based definition is illus-
trated in  figure 1 .

  It is likely that in future years maternal blood biomark-
ers are incorporated as a diagnostic criterion of FGR, as a 
marker of placental involvement. Recent evidence sug-
gests that angiogenic factors predict a poor perinatal out-
come among small fetuses, with similar predictive values 
to those of CPR and UtA PI, but apparently with no ad-
ditive value  [19] . There is a need to conduct more studies 
confirming this notion and to develop normative gesta-
tional age-adjusted values.

  SGA Is Not Always Constitutionally Small 
 As discussed above, the use of the terms FGR and SGA 

distinguishes two groups with differences in perinatal 
outcome, and this has important implications for preg-
nancy management. However, fetuses under this latter 
diagnostic category have been consistently demonstrated 
to present signs of brain reorganization in utero and neo-
natally  [20] , poor long-term neurological outcome  [21] , 
cardiovascular  [22]  and endocrinological outcome  [23] . 
This evidence demonstrates that such defined SGA fe-
tuses are, in the majority of instances, not just ‘constitu-
tionally small’. It remains to be established whether SGA 
is a category composed by a single problem or a mixture 
of different causes, which might include among others a 
subset of fetuses with placental insufficiency of even 
milder nature, abnormalities in hormonal pathways reg-
ulating fetal growth, genetic causes, and true constitu-
tional smallness.

  Pathophysiological and Clinical Differences in

Early-Severe versus Late-Mild Fetal Growth 

Restriction 

 Rationale for Differentiating between Early- and
Late-Onset Forms of Fetal Growth Restriction 
 As far as evidence suggests, FGR is defined by the exis-

tence of placental insufficiency  [24] . Within this common 
pathogenesis, FGR presents under two different pheno-
types when the onset is early or late in gestation. In gen-
eral, but not always, there is a correspondence between 
early-onset and the most severe forms of FGR.  Table 1  de-
picts the main differences between both clinical forms.

  Differentiating between early- and late-onset FGR has 
a clear value for comparability among research studies 
and to help clinicians in the understanding of the differ-
ent presentations of the disease. From the point of view 
of clinical management, it is questionable that this differ-
entiation has added value, as long as a stage-based proto-
col for management is used, as discussed in later in this 
article. 

  Early-Onset Fetal Growth Restriction 
 Early-onset FGR represents 20–30% of all FGRs  [25] . 

Early FGR presents in association with early PE in up to 
50%  [25] . Early-onset FGR is highly associated with se-
vere placental insufficiency and with chronic fetal hypox-
ia. This explains that UA Doppler is abnormal in a high 
proportion of cases  [26] . If left untreated the fetal condi-
tion deteriorates with progression to decompensated
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Table 1.  Summary of the main differences between early- and late-onset forms of FGR

Early-onset FGR (1 – 2%) Late-onset FGR (3 – 5%)

Problem: management Problem: diagnosis

Placental disease: severe (UA Doppler abnormal, high association 
with preeclampsia)

Placental disease: mild (UA Doppler normal, low association 
with preeclampsia)

Hypoxia ++: systemic cardiovascular adaptation Hypoxia +/–: central cardiovascular adaptation

Immature fetus = higher tolerance to hypoxia = natural history Mature fetus = lower tolerance to hypoxia = no (or very short) 
natural history

High mortality and morbidity; lower prevalence Lower mortality (but common cause of late stillbirth); poor
long-term outcome; affects large fraction of pregnancies
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  Fig. 1.  Distribution of a large population of 
small fetuses (n = 656) in FGR or SGA.
 a  FGR is defined by an UA PI >95th centile 
only.  b  FGR is defined using a combination 
of CPR <5th centile, UtA PI >95th centile 
and an EFW <3rd centile. Note how a re-
markable proportion of ‘SGA’ defined by 
UA PI are reclassified as true FGR when the 
combined definition is used, particularly 
among late-onset FGR fetuses. 
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hypoxia and acidosis, which is reflected by escalating ab-
normalities in the UA and increased PIs in the precordial 
veins, mainly the ductus venosus (DV). The latency of 
severe fetal deterioration can vary in individual cases, but 
it normally lasts weeks  [27]  and it often follows a cascade 
of changes which are reflected in a pattern of Doppler 
changes that allows to monitor the progression of fetal 
deterioration and tailor elective delivery ( fig. 1 ).

  Early severe FGR is associated with severe injury and/
or fetal death before term in many cases  [28] . Manage-
ment is challenging and aims at achieving the best balance 
between the risks of leaving the fetus in utero versus the 
complications of prematurity.

  Late-Onset Fetal Growth Restriction 
 Late-onset FGR represents 70–80% of FGR  [25] . A first 

distinction with early-onset forms is that the association 
with late PE is low, roughly 10%  [25] . The degree of pla-
cental disease is mild, thus UA Doppler is normal in vir-
tually all cases  [8] . Despite normal UA PI Doppler, there 
is a high association with abnormal CPR values  [8] . In 
addition, advanced brain vasodilation suggesting chronic 
hypoxia, as reflected by an MCA PI <p5, may occur in 
25% of late FGR  [8] . Advanced signs of fetal deterioration 
with changes in the DV are virtually never observed  [8, 
29] . Thus, the cascade of sequential fetal deterioration de-
scribed above does not occur in late FGR. 

  Despite a more benign nature as compared with early 
FGR, there is a risk of acute fetal deterioration before la-
bor, as suggested by the high contribution to late-preg-
nancy mortality  [30] , and a high association with intra-
partum fetal distress and neonatal acidosis  [31] . Thus, 
late FGR lacks a ‘natural history’ and may undergo rapid 
deterioration leading to severe injury or death without 
observable late-stage signs as in early FGR (cf. fig. 3). This 
might be explained by a combination of causes, which 
could include the very low tolerance of term fetuses to 
hypoxia in comparison with preterm, the more frequent 
presence of uterine contractions in a term pregnancy, and 
some instances of rapid placental function failure.

  Contrary to early FGR, late FGR should not represent 
a management challenge once the diagnosis is estab-
lished. However, low diagnostic rates still influence that 
(undiagnosed) FGR contributes to a large share of late 
pregnancy stillbirths  [2] .

  Common Issues between Early and Late Fetal Growth 
Restriction 
 Despite remarkable differences in the severity of the fe-

tal disease, early- and late-onset FGRs are both associated 

with poor long-term outcome from neurodevelopmental, 
cardiovascular and metabolic standpoints  [21–23, 32, 33] . 
This supports the notion that regardless of the severity, 
chronic exposure to adverse intrauterine environment is 
critical to determine adverse fetal programming. Addi-
tionally, it is likely that different fetal maturational stages 
determine different adaptive programming responses.

  As far as evidence suggests, early and late FGRs are 
both caused by placental disease, but it is unknown 
whether they are associated with the same type of placen-
tal disease. Placental insufficiency in early-onset FGR is 
associated with histological signs of abnormal early im-
plantation  [34] . It is unclear whether late FGR is a mild 
form of abnormal placental implantation at early preg-
nancy or a superimposed placental damage occurring 
during the second half of the pregnancy. Furthermore, 
there is evidence supporting that placental disease in late-
onset FGR might develop late in pregnancy, as suggested 
by a proportion of these patients developing abnormal 
UtA Doppler in the third trimester, after previously nor-
mal values  [35] .

  Gestational Age Cut-Off to Define Early versus Late 
 By definition, any cut-off used to classify according to 

the gestational age at onset of FGR will be arbitrary and 
determined by the use and timing of third-trimester ul-
trasound in each setting, and by the protocol determining 
management and timing of delivery. In addition, since 
this is not an etiologic classification it will be hampered 
by a huge degree of overlapping in clinical features.

  The cut-off to define early- versus late-onset FGR has 
commonly been set in an arbitrary fashion at about 32–34 
weeks at diagnosis or 37 weeks at delivery. A prospective 
study using decision tree analysis in >700 cases deter-
mined that 32 weeks at diagnosis and 37 weeks at delivery 
best classified two groups where the differences in terms 
of adverse perinatal outcome are maximized  [36] .

  Clinical Management of Fetal Growth Restriction 

and Small-for-Gestational Age Fetuses 

 Over the following sections we first briefly review ex-
isting evidence on the correlation between methods for 
assessing fetal well-being in FGR and the risk of fetal in-
jury or death. Subsequently, we propose a unique manag-
ing guideline for FGR as a whole, which integrates exist-
ing evidence to define stages of fetal deterioration, and 
proposes follow-up intervals, and ideal gestational age at 
and mode of delivery for each stage. 
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  Brief Description of Methods and Indices for Fetal 
Assessment and Their Correlation with Perinatal 
Outcomes 
 Fetal well-being tests and indices could be roughly 

classified as chronic or acute. Whilst the former become 
progressively abnormal due to increasing hypoxemia 
and/or hypoxia, the latter correlate with acute changes 
occurring in advanced stages of fetal compromise, char-
acterized by severe hypoxia and metabolic acidosis, and 
usually precedes fetal death in a few days. Some of the 
measures and indices discussed below are essentially used 
for the diagnosis/identification of FGR from SGA, and 
consequently they are relevant for the decision as to 
whether delivery is indicated when pregnancy term is 
reached. Another set of indices have a prognostic value, 
since they are useful to determine that there is a high risk 
of deterioration, and consequently they are used to indi-
cate delivery before term is reached. 

  Umbilical Artery Doppler 
 UA Doppler is the only measure that provides both 

diagnostic and prognostic information for the manage-
ment of FGR. On the one hand, increased UA Doppler PI 
has a great clinical value for the identification of FGR, 
alone or combined in the CPR ratio. On the other hand, 
the progression of UA Doppler patterns to absent or re-
verse end-diastolic flow correlates with the risks of injury 
or death.

  There is compelling evidence that using UA Doppler in 
high-risk pregnancies (most of them SGA fetuses) im-
proves perinatal outcomes, with a 29% reduction (2–48%) 
in perinatal deaths  [6] . Absent or reversed end-diastolic 
velocities, the end of the spectrum of the abnormalities of 
the UA Doppler, have been reported to be present on aver-
age 1 week before the acute deterioration  [37] . Up to 40% 
of fetuses with acidosis show this umbilical flow pattern 
 [37] . There is an association between reversed end-diastol-
ic flow in the UA and adverse perinatal outcome (with a 
sensitivity and specificity of about 60%), which seems to be 
independent of prematurity  [38] . After 30 weeks the risk of 
stillbirth of a fetus with isolated reversed end-diastolic ve-
locities in the UA Doppler overcomes the risks of prema-
turity  [39–41] , and therefore delivery seems justified.

  Middle Cerebral Artery Doppler 
 MCA informs about the existence of brain vasodila-

tion, a surrogate marker of hypoxia. MCA is considered 
a rather late manifestation, with acceptable specificity but 
low sensitivity, which is improved by the use of CPR, as 
discussed below. There is an association between abnor-

mal MCA PI and adverse perinatal and neurological out-
come, but it is unclear whether delivering before term 
could add any benefit. MCA is particularly valuable for 
the identification  [8]  and prediction  [42, 43]  of adverse 
outcome among late-onset FGR, independently of the 
UA Doppler, which is often normal in these fetuses. Fe-
tuses with abnormal MCA PI had a sixfold risk of emer-
gency cesarean section for fetal distress when compared 
with SGA fetuses with normal MCA PI  [44] , which is par-
ticularly relevant because labor induction at term is the 
current standard of care of late-onset FGR  [45, 46] . Late 
FGRs with abnormal MCA PI have poorer neurobehav-
ioral competence at birth and at 2 years of age  [42, 47] .

  Cerebroplacental Ratio 
 The CPR is essentially a diagnostic index. The CPR 

improves remarkably the sensitivity of UA and MCA 
alone, because increased placental impedance (UA) is of-
ten combined with reduced cerebral resistance (MCA). 
Thus, the CPR is already decreased when its individual 
components suffer mild changes but are still within nor-
mal ranges  [13, 48] . In late SGA fetuses, abnormal CPR is 
present before delivery in 20–25% of the cases  [49] , and 
it is associated with a higher risk of adverse outcome at 
induction, although to a lesser degree than MCA  [44] . 
There are no long-term studies evaluating the neurobe-
havioral or neurodevelopmental consequences of late 
SGA with abnormal CPR. However, it is remarkable that 
even in the general population, an abnormal CPR pre-
dicts neurobehavioral problems at 18 months of age  [50] . 
Interestingly, the anterior cerebral artery-CPR rather 
than the MCA-CPR showed the stronger association, 
demonstrating a differential impact of regional altera-
tions in cerebral blood flow impedance on development, 
which is consistent with findings in early FGR  [51, 52] .

  Ductus Venosus Doppler 
 DV is the strongest single Doppler parameter to pre-

dict the short-term risk of fetal death in early-onset FGR. 
Longitudinal studies have demonstrated that DV flow 
waveforms become abnormal only in advanced stages of 
fetal compromise  [27, 37, 38, 53] . Consistently, there is a 
good correlation of abnormal DV waveform with late-
stage acidemia at cordocentesis  [54] . Absent or reversed 
velocities during atrial contraction are associated with 
perinatal mortality independently of the gestational age 
at delivery  [55] , with a risk ranging from 40 to 100% in 
early-onset FGR  [41, 56] . Thus, this sign is normally con-
sidered sufficient to recommend delivery at any gesta-
tional age, after completion of steroids. A DV above the 
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95% centile is associated with higher risks but not as con-
sistently as when atrial flow is reverse. Overall, the sensi-
tivity for perinatal death is still 40–70%  [28, 55, 57] . A 
systematic review of 18 observational studies (including 
2,267 fetuses) found that DV Doppler has predictive ca-
pacity for perinatal mortality  [58] . In about 50% of cases, 
abnormal DV precedes the loss of short-term variability 
(STV) in computerized cardiotocography (cCTG)  [27] , 
and in about 90% of cases it is abnormal 48–72 h before 
the biophysical profile (BPP)  [53] . Hence, it is considered 
to provide a better window of opportunity for delivering 
fetuses in critical conditions at very early gestational ages. 

  Aortic Isthmus Doppler 
 The aortic isthmus (AoI) Doppler is associated with 

increased fetal mortality and neurological morbidity in 
early-onset FGR  [59] . This vessel reflects the balance be-
tween the impedance of the brain and systemic vascular 
systems  [60, 61] . Reverse AoI flow is a sign of advanced 
deterioration and a further step in the sequence starting 
with the UA and MCA Dopplers ( fig. 2 ,  3 ). Remarkably, 
the AoI can be found abnormal also in a small proportion 
of late-onset FGRs  [29] .

  AoI has a strong association with both adverse perina-
tal  [62]  and neurological outcome  [59] . However, longi-
tudinal studies show that the AoI precedes DV abnor-
malities by 1 week  [29, 63] , and consequently it is not as 
good to predict the short-term risk of stillbirth  [41] . In 
contrast, AoI seems to improve the prediction of neuro-
logical morbidity  [59] . Among early-onset FGR with pos-
itive DV atrial velocities, a reverse AoI indicated a very 
high risk of late neonatal neurological injury (57 vs. 9.7%) 
 [41] . In the opinion of the authors, reverse AoI could al-
ready be incorporated in clinical protocols as a sign of 
severe placental insufficiency and could justify consider-
ing elective delivery beyond 34 weeks of gestation. If fu-
ture studies confirm the strong association with neuro-
logical morbidity, reverse AoI flow could be used to indi-
cate delivery even earlier, but more data are required.

  Fetal Heart Rate Analysis by Conventional and 
Computerized Cardiotocography 
 Early studies on high-risk pregnancies showed that, 

though highly sensitive, CTG has a 50% rate of false pos-
itives for the prediction of adverse outcome  [64] . In addi-
tion, a meta-analysis  [65]  on high-risk pregnancies failed 

Growth restriction

DV PI >p95

UA PI >p95

AoI PI >p95MCA PI <p5

CPR <p5

UtA PI >p95

cCTG STV <3 ms

BPP <4

CTG decelerations

Serious injury
Death

Advanced hypoxia/acidosis
Reduced cardiac compliance

Hypoxia
Centralization

Placental disease
Increased impedance

DV rev. atrial

UA REDV

Acute/prognostic markers
7–10 days

Chronic/diagnostic markers
Weeks

UA AEDV

  Fig. 2.  Fetal deterioration and monitoring in early-severe FGR. Pla-
cental disease affects a large proportion of the placenta, and this is 
reflected in changes in the UA Doppler in a high proportion of 
cases. The figure depicts in a schematic and simplified fashion the 
pathophysiologic progression with the main adaptation/conse-
quence in placental-fetal physiology, and the accompanying cas-
cade of changes in Doppler parameters. The sequence illustrates the 

average temporal relation among changes in parameters, but the 
actual duration of deterioration is influenced by severity. Regard-
less of the velocity of progression, in the absence of accompanying 
PE this sequence is relatively constant, particularly as regards end-
stage signs and the likelihood of serious injury/death. However, 
severe PE may distort the natural history and fetal deterioration 
may occur unexpectedly at any time (see text for abbreviations). 
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to demonstrate any beneficial effect in reducing perinatal 
mortality. Hence, there is no evidence to support the use 
of traditional fetal heart rate (FHR) monitoring or ‘non-
stress tests’ in FGR fetuses. We must acknowledge that 
these studies were conducted in the early 1980s, and the 
control group had no fetal well-being assessment or out-
dated techniques such as biochemical tests. However, in 
general, a silent FHR pattern or the presence of spontane-
ous decelerations represent a very late event preceding 
fetal demise, and consequently measures that allow ear-
lier identification and delivery must be used. A main lim-
itation of conventional CTG is the subjective interpreta-
tion of the FHR, which is extremely challenging in very 
preterm fetuses with a physiologically reduced variability. 

  cCTG has represented a step forward and has provided 
new insights into the pathophysiology and management 
of FGR. cCTG evaluates STV of the FHR, an aspect that 
subjective evaluation cannot assess. Current evidence 
suggests that cCTG is sensitive to detect advanced fetal 
deterioration, and it provides a value similar to DV re-

verse atrial flow for the short-term prediction of fetal 
death. STV closely correlates with acidosis and severe hy-
poxia as demonstrated by cord blood sampling at the time 
of a cesarean section  [66–68] . Recent longitudinal series 
have pointed to a potential role as an acute marker  [27] . 
STV becomes abnormal, coinciding with the DV, where-
as in about half of cases, abnormal DV precedes the loss 
of short-term FHR variability, the latter is the first to be-
come abnormal in the other cases  [27] .

  Biophysical Profile 
 BPP is calculated by combining ultrasound assessment 

of fetal tone, respiratory and body movements, with am-
niotic fluid index and a conventional CTG. It was de-
signed to improve the performance of FHR. Observation-
al studies show an association between abnormal BPP 
and perinatal mortality and cerebral palsy  [69] . Studies in 
which a cordocentesis was performed demonstrated a 
good correlation with acidosis  [70] , with fetal tone and 
gross motor movements the best correlated components. 
However, as with FHR, a high false-positive rate (50%) 
limits the clinical usefulness of the BPP  [71] . Early obser-
vational studies reported a very low risk of false positives 
for acidosis and perinatal death, but more recent studies 
on early-onset very preterm FGR fetuses raise concerns 
over the false-positive rate, with up to 23% of instances of 
intrauterine fetal death in fetuses with BPP >6 and 11% 
in those with BPP >8  [72] . A meta-analysis  [73]  showed 
no significant benefit of BPP in high-risk pregnancies. 
Consequently, whenever Doppler expertise and/or cCTG 
are available, the incorporation of BPP in management 
protocols of FGR is questionable.

  Amniotic Fluid Index 
 Amniotic fluid index (AFI) is used essentially as part 

of BPP. Amniotic fluid volume is believed to be a chronic 
parameter. In fact, among the components of BPP, it is 
the only one that is not considered acute. A meta-analysis 
 [74]  of 18 randomized studies demonstrated that a re-
duced AFI is associated with an abnormal 5-min Apgar 
score, but there was no association with acidosis or peri-
natal death in SGA (RR 1.6, 95% CI 0.9–2.6). Longitudi-
nal studies in early-onset FGR fetuses have shown that the 
AFI fluid index progressively decreases  [27, 38] . One 
week before acute deterioration, 20–30% of cases have 
oligohydramnios  [38, 53] . There is limited evidence on 
the role of oligohydramnios to predict perinatal compli-
cations in FGR fetuses managed with Doppler so that its 
inclusion in management protocols is questionable.

Growth restriction

MCA PI <p5

AoI PI >p95

CPR <p5

UtA PI >p95

CTG decelerations

Acidosis
Injury/death

Hypoxia
Centralization

Placental disease
Reduced placental reserve

Acute deterioration
Hours

Diagnostic markers
Weeks

AoI reverse

  Fig. 3.  Fetal deterioration and monitoring in late-mild FGR. Pla-
cental disease is mild and UA Doppler values are not elevated 
above the 95th centile. The effects of fetal adaptation are best de-
tected by the CPR, which can pick up mild changes in the AU and 
MCA Doppler. An important fraction of cases do not progress to 
baseline hypoxia so that they remain only with abnormal CPR. 
Once baseline hypoxia is established, placental reserve is minimal 
and progression to fetal deterioration may occur quickly, as sug-
gested by the high risk of severe deterioration or intrauterine fetal 
death after 37 weeks in these cases, possibly due to a combination 
of a higher susceptibility to hypoxia of the term-mature fetus and 
the more common presence of contractions at term (see text for 
abbreviations).  

http://dx.doi.org/10.1159%2F000357592


 Figueras/Gratacós

 

Fetal Diagn Ther 2014;36:86–98
DOI: 10.1159/000357592

94

  Evidence about Timing of Delivery in Fetal Growth 
Restriction  
 Since no treatment has been demonstrated to be of ben-

efit in growth restriction  [75–79] , assessment of fetal well-
being and timely delivery remain as the main management 
strategy. The aim behind a clinical protocol for managing 
FGR is to combine existing evidence on various methods 
for monitoring fetal well-being in order to establish the 
risks of fetal injury or death, and to balance them against 
the risks of prematurity if the fetus is delivered. Added into 
the equation is the awareness that leaving pregnancies with 
FGR to deliver at term may also lead to perinatal morbid-
ity and delayed effects such as cerebral palsy  [80] . 

  The Growth Restriction Intervention Trial (GRIT) 
study  [40]  was a multicenter randomized controlled trial 
aimed to compare the effect of delivering early with delay-
ing birth for as long as possible. A total of 588 fetuses be-
tween 24 and 36 weeks were randomized to immediate 
delivery or delayed delivery until the obstetrician was no 
longer certain. The study observed that when obstetri-
cians were uncertain about timing of delivery based on 
UA Doppler, they were prepared to vary the timing by 
about 4 days, and although such delay caused some still-
births, earlier delivery resulted in an almost equal number 
of additional deaths. Moreover, at 2 years of age, there was 
a trend towards more disability in the immediate delivery 
group  [39] . Concerns regarding the external validity of 
this study exist  [81] , since only 5% of the eligible popula-
tion was recruited, which raises doubts about the repre-
sentativeness of the sample.

  One randomized equivalence trial exists comparing the 
effect of induction of labor or expectant monitoring in 
women after 37 weeks of gestation with suspected SGA. 
They found negligible differences in peri- and neonatal 
outcomes between induction of labor and expectant mon-
itoring  [45, 46] . At 2 years of age, about half of the cohort 
were evaluated for neurodevelopmental and neurobehav-
ioral assessment, with no differences between both strate-
gies  [82] . Based on these results, it was concluded that it 
seems reasonable to offer delivery after 37 weeks in SGA 
infants. As the authors pointed out in the discussion of 
this study, further studies differentiating true FGR from 
other causes of SGA not associated with poor perinatal 
outcome are required to clarify this question.

  Stage-Based Protocol for Managing Fetal Growth 
Restriction 
 FGR is probably among the obstetrical entities with 

the greatest variation in clinical practice. This results 
from a combination of the lack of strong supportive evi-

dence, the complexity of the variables and indices that 
need to be integrated for assessing fetal deterioration, and 
the variable risks associated with prematurity at different 
gestational ages.

  Although when considered as groups there are clear 
differences between early- and late-onset forms, on an 
individual basis there is important overlapping of clinical 
features at borderline gestational ages. In addition, cases 
with the same gestational age at onset are often detected 
at different time points during gestation.  Figure 1  illus-
trates how FGR represents a continuum with increasing 
number of instances as gestational age progresses. Con-
sequently, a management scheme that establishes follow-
up intervals and timing of delivery on the basis of fetal 
risks can include both early- and late-onset forms in an 
integrated fashion.

  The main aims behind clinical management of FGR 
should be firstly to distinguish FGR from SGA and sec-
ondly to ascertain whether there is risk of in utero fetal 
injury or death. Thus, a first step is to identify within the 
small fetuses the subset of FGR, because they will have an 
increased risk of adverse outcome and stillbirth and 
should be managed actively once term is reached. A sec-
ond step is to identify the presence of any sign suggesting 
that there is risk of fetal injury or death that may recom-
mend delivery before term.

  While strong evidence is lacking to support firm rec-
ommendations on the timing of delivery, a protocol that 
integrates the best available evidence can help reducing 
clinical practice variation. One approach is to group in 
stages those indices or signs that are associated with sim-
ilar fetal risks, since they should indicate similar follow-
up intervals and timing of delivery. Thus, based on the 
existing evidence extensively discussed above and, where 
no evidence is available on experts’ opinion, we suggest 
to profile several stages, or prognostic groups, which de-
fine different management strategies ( table 2 ;  fig. 4 ).

  In a first step, once a small fetus (i.e. EFW <10th cen-
tile) has been identified, UtA PI, UA PI, MCA PI and the 
CPR should be measured in order to classify FGR versus 
SGA. For FGR fetuses, changes in the UA, DV and AoI 
Doppler, and cCTG where available, are used to define 
stages of deterioration.

   Small-for-Gestational Age.  Excluding infectious and 
genetic causes, the perinatal results are good. Fortnightly 
Doppler and growth assessment is a standard practice. 
Labor induction should be recommended at 40 weeks. 
Cervical induction with Foley catheter may be recom-
mended to reduce the risk of hyperstimulation  [83] . Fort-
nightly monitoring is safe  [84] .
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  Fig. 4.  Stage-based decision algorithm for the management of FGR (see text for abbreviations). 

Table 2.  Stage-based classification and management of FGR

Stage Pathophysiological correlate Criteria (any of) Monitoring* GA/mode of 
delivery

I Severe smallness or mild placental 
insufficiency

EFW <3rd centile
CPR <p5
UA PI >p95
MCA PI <p5
UtA PI >p95

Weekly 37 weeks
LI

II Severe placental insufficiency UA AEDV
Reverse AoI

Biweekly 34 weeks
CS

III Low-suspicion fetal acidosis UA REDV
DV-PI >p95

1 – 2 days 30 weeks
CS

IV High-suspicion fetal acidosis DV reverse a flow
cCTG <3 ms
FHR decelerations

12 h 26 weeks**
CS

 All Doppler signs described above should be confirmed at least twice, ideally at least 12 h apart. GA = Gesta-
tional age; LI = labor induction; CS = cesarean section. * Recommended intervals in the absence of severe preeclamp-
sia. If FGR is accompanied by this complication, strict fetal monitoring is warranted regardless of the stage.** Lower GA threshold recommended according to current literature figures reporting at least 50% intact survival. 
Threshold could be tailored according to parents’ wishes or adjusted according to local statistics of intact survival.
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   Stage I Fetal Growth Restriction (Severe Smallness or 
Mild Placental Insufficiency).  Either UtA, UA or MCA 
Doppler, or the CPR are abnormal. In the absence of oth-
er abnormalities, evidence suggests a low risk of fetal de-
terioration before term. Labor induction beyond 37 weeks 
is acceptable, but the risk of intrapartum fetal distress is 
increased  [44] . Cervical induction with Foley catheter is 
also recommended. Weekly monitoring seems reason-
able.

   Stage II Fetal Growth Restriction (Severe Placental In-
sufficiency).  This stage is defined by UA absent-end dia-
stolic velocity (AEDV) or reverse AoI. Although evidence 
for UA AEDV is stronger than that for AoI, observation-
al evidence suggests an association between the latter to 
abnormal neurodevelopment, so that both criteria be-
come a single category. Delivery should be recommended 
after 34 weeks. The risk of emergent cesarean section at 
labor induction exceeds 50%, and, therefore, elective ce-
sarean section is a reasonable option. Monitoring twice a 
week is recommended. 

   Stage III Fetal Growth Restriction (Advanced Fetal De-
terioration, Low-Suspicion Signs of Fetal Acidosis).  The 
stage is defined by reverse absent-end diastolic velocity 
(REDV) or DV PI >95th centile. There is an association 
with a higher risk of stillbirth and poorer neurological 

outcome. However, since signs suggesting a very high risk 
of stillbirth within days are not present yet, it seems rea-
sonable to delay elective delivery to reduce as possible the 
effects of severe prematurity. We suggest delivery should 
be recommended by cesarean section after 30 weeks. 
Monitoring every 24–48 h is recommended.

   Stage IV Fetal Growth Restriction (High Suspicion of 
Fetal Acidosis and High Risk of Fetal Death).  There are 
spontaneous FHR decelerations, reduced STV (<3 ms) in 
the cCTG, or reverse atrial flow in the DV Doppler. Spon-
taneous FHR deceleration is an ominous sign, normally 
preceded by the other two signs, and thus it is rarely ob-
served, but if persistent it may justify emergency cesarean 
section. cCTG and DV are associated with very high risks 
of stillbirth within the next 3–7 days and disability. De-
liver after 26 weeks by cesarean section at a tertiary care 
center under steroid treatment for lung maturation. In-
tact survival exceeds 50% only after 26–28 weeks, and be-
fore this threshold parents should be counseled by multi-
disciplinary teams. Monitoring every 12–24 h until deliv-
ery is recommended.

  Particularly at early gestational ages, and at whatever 
stage, coexistence of severe PE may distort the natural 
history and strict fetal monitoring is warranted since fetal 
deterioration may occur unexpectedly at any time.
 

 References 

  1 Lindqvist PG, Molin J: Does antenatal identi-
fication of small-for-gestational age fetuses 
significantly improve their outcome? Ultra-
sound Obstet Gynecol 2005;   25:   258–264. 

  2 Gardosi J, et al: Maternal and fetal risk factors 
for stillbirth: population-based study. BMJ 
2013;   346:f108. 

  3 Figueras F, et al: Predictiveness of antenatal 
umbilical artery Doppler for adverse preg-
nancy outcome in small-for-gestational-age 
babies according to customised birthweight 
centiles: population-based study. BJOG 2008;  
 115:   590–594. 

  4 Skovron ML, et al: Evaluation of early third-
trimester ultrasound screening for intrauter-
ine growth retardation. J Ultrasound Med 
1991;   10:   153–159. 

  5 Richardus JH, et al: Differences in perinatal 
mortality and suboptimal care between 10 
European regions: results of an international 
audit. BJOG 2003;   110:   97–105. 

  6 Alfirevic Z, Stampalija T, Gyte GM: Fetal and 
umbilical Doppler ultrasound in high-risk 
pregnancies. Cochrane Database Syst Rev 
2010:CD007529. 

  7 Soothill PW, Bobrow CS, Holmes R: Small for 
gestational age is not a diagnosis. Ultrasound 
Obstet Gynecol 1999;   13:   225–228. 

  8 Oros D, et al: Longitudinal changes in uter-
ine, umbilical and fetal cerebral Doppler in-
dices in late-onset small-for-gestational age 
fetuses. Ultrasound Obstet Gynecol 2011;   37:  
 191–195. 

  9 Doctor BA, et al: Perinatal correlates and neo-
natal outcomes of small for gestational age in-
fants born at term gestation. Am J Obstet Gy-
necol 2001;   185:   652–659. 

 10 McCowan LM, Harding JE, Stewart AW: Um-
bilical artery Doppler studies in small for ges-
tational age babies reflect disease severity. 
BJOG 2000;   107:   916–925. 

 11 Severi FM, et al: Uterine and fetal cerebral 
Doppler predict the outcome of third-trimes-
ter small-for-gestational age fetuses with nor-
mal umbilical artery Doppler. Ultrasound 
Obstet Gynecol 2002;   19:   225–228. 

 12 Bahado-Singh RO, et al: The Doppler cere-
broplacental ratio and perinatal outcome in 
intrauterine growth restriction. Am J Obstet 
Gynecol 1999;   180:   750–756. 

 13 Gramellini D, et al: Cerebral-umbilical Dopp-
ler ratio as a predictor of adverse perinatal 
outcome. Obstet Gynecol 1992;   79:   416–420. 

 14 Baschat AA, Gembruch U: The cerebropla-
cental Doppler ratio revisited. Ultrasound 
Obstet Gynecol 2003;   21:   124–127. 

 15 Ghosh GS, Gudmundsson S: Uterine and um-
bilical artery Doppler are comparable in pre-
dicting perinatal outcome of growth-restrict-
ed fetuses. BJOG 2009;   116:   424–430. 

 16 Vergani P, et al: Prognostic value of uterine 
artery Doppler velocimetry in growth-re-
stricted fetuses delivered near term. Am J Ob-
stet Gynecol 2002;   187:   932–936. 

 17 Savchev S, et al: Estimated weight centile as a 
predictor of perinatal outcome in small-for-
gestational-age pregnancies with normal fetal 
and maternal Doppler indices. Ultrasound 
Obstet Gynecol 2012;   39:   299–303. 

 18 Savchev S, et al: Late-onset fetal growth re-
striction vs. small-for-gestational age: diag-
nostic criteria and classification (in prepara-
tion). 

 19 Lobmaier SM, et al: Angiogenic factors versus 
Doppler follow-up in the prediction of ad-
verse outcome among late pregnancy small-
for-gestational-age fetuses. Ultrasound Ob-
stet Gynecol 2013, Epub ahead of print. 

 20 Sanz-Cortes M, et al: Fetal brain MRI texture 
analysis identifies different microstructural 
patterns in adequate and small for gestational 
age fetuses at term. Fetal Diagn Ther 2013;   33:  
 122–129. 

http://dx.doi.org/10.1159%2F000357592


 Update on FGR Fetal Diagn Ther 2014;36:86–98
DOI: 10.1159/000357592

97

 21 Larroque B, et al: School difficulties in 
20-year-olds who were born small for gesta-
tional age at term in a regional cohort study. 
Pediatrics 2001;   108:   111–115. 

 22 Crispi F, et al: Fetal growth restriction results 
in remodeled and less efficient hearts in chil-
dren. Circulation 2010;   121:   2427–2436. 

 23 Verkauskiene R, et al: Birth weight and long-
term metabolic outcomes: does the definition 
of smallness matter? Horm Res 2008;   70:   309–
315. 

 24 Lackman F, et al: Fetal umbilical cord oxygen 
values and birth to placental weight ratio in 
relation to size at birth. Am J Obstet Gynecol 
2001;   185:   674–682. 

 25 Crovetto F, et al: Performance of first-trimes-
ter integrated screening for early and late small 
for gestational age newborns. Ultrasound Ob-
stet Gynecol 2013 (E-pub ahead of print). 

 26 Turan OM, et al: Progression of Doppler ab-
normalities in intrauterine growth restric-
tion. Ultrasound Obstet Gynecol 2008;   32:  
 160–167. 

 27 Hecher K, et al: Monitoring of fetuses with in-
trauterine growth restriction: a longitudinal 
study. Ultrasound Obstet Gynecol 2001;   18:  
 564–570. 

 28 Baschat AA, et al: Predictors of neonatal out-
come in early-onset placental dysfunction. 
Obstet Gynecol 2007;   109:   253–261. 

 29 Cruz-Martinez R, et al: Changes in myocar-
dial performance index and aortic isthmus 
and ductus venosus Doppler in term, small-
for-gestational age fetuses with normal um-
bilical artery pulsatility index. Ultrasound 
Obstet Gynecol 2011;   38:   400–405. 

 30 Kady S, Gardosi J: Perinatal mortality and fe-
tal growth restriction. Best Pract Res Clin Ob-
stet Gynaecol 2004;   18:   397–410. 

 31 Figueras F, et al: Small-for-gestational-age fe-
tuses with normal umbilical artery Doppler 
have suboptimal perinatal and neurodevelop-
mental outcome. Eur J Obstet Gynecol Re-
prod Biol 2008;   136:   34–38. 

 32 Van Vliet EO, et al: Placental pathology and 
long-term neurodevelopment of very preterm 
infants. Am J Obstet Gynecol 2012;   206:   489.
e1–7. 

 33 Chan PY, et al: The long-term effects of pre-
maturity and intrauterine growth restriction 
on cardiovascular, renal, and metabolic func-
tion. Int J Pediatr 2010;   2010:   280402. 

 34 Spinillo A, et al: Placental histopathological 
correlates of umbilical artery Doppler velo-
cimetry in pregnancies complicated by fetal 
growth restriction. Prenat Diagn 2012;   32:  
 1263–1272. 

 35 Llurba E, et al: Emergence of late-onset pla-
cental dysfunction: relationship to the change 
in uterine artery blood flow resistance be-
tween the first and third trimesters. Am J
Perinatol 2013;   30:   505–512. 

 36 Savchev S, et al: Evaluation of an optimal ges-
tational age cut-off for the definition of early- 
and late-onset fetal growth restriction. Fetal 
Diagn Ther 2013, Epub ahead of print. 

 37 Ferrazzi E, et al: Temporal sequence of abnor-
mal Doppler changes in the peripheral and 
central circulatory systems of the severely 
growth-restricted fetus. Ultrasound Obstet 
Gynecol 2002;   19:   140–146. 

 38 Cosmi E, et al: Doppler, cardiotocography, 
and biophysical profile changes in growth-
restricted fetuses. Obstet Gynecol 2005;   106:  
 1240–1245. 

 39 Thornton JG, et al: Infant well-being at 2 years 
of age in the Growth Restriction Intervention 
Trial (GRIT): multicentred randomised con-
trolled trial. Lancet 2004;   364:   513–520. 

 40 GRIT Study Group: A randomised trial of 
timed delivery for the compromised preterm 
fetus: short-term outcomes and bayesian in-
terpretation. BJOG 2003;   110:   27–32. 

 41 Cruz-Lemini M, et al: Risk of perinatal death 
in early-onset intrauterine growth restriction 
according to gestational age and cardiovascu-
lar Doppler indices: a multicenter study. Fetal 
Diagn Ther 2012;   32:   116–122. 

 42 Eixarch E, et al: Neurodevelopmental out-
come in 2-year-old infants who were small-
for-gestational age term fetuses with cerebral 
blood flow redistribution. Ultrasound Obstet 
Gynecol 2008;   32:   894–899. 

 43 Hershkovitz R, et al: Fetal cerebral blood flow 
redistribution in late gestation: identification 
of compromise in small fetuses with normal 
umbilical artery Doppler. Ultrasound Obstet 
Gynecol 2000;   15:   209–212. 

 44 Cruz-Martinez R, et al: Fetal brain Doppler to 
predict cesarean delivery for non-reassuring 
fetal status in term small-for-gestational-age 
fetuses. Obstet Gynecol 2011;   117:   618–626. 

 45 Boers KE, et al: Neonatal morbidity after in-
duction vs. expectant monitoring in intra-
uterine growth restriction at term: a subanaly-
sis of the DIGITAT RCT. Am J Obstet Gyne-
col 2012;   206:   344.e1–7. 

 46 Boers KE, et al: Induction versus expectant 
monitoring for intrauterine growth restric-
tion at term: randomised equivalence trial 
(DIGITAT). BMJ 2010;   341:c7087. 

 47 Oros D, et al: Middle versus anterior cerebral 
artery Doppler for the prediction of perinatal 
outcome and neonatal neurobehavior in term 
small-for-gestational-age fetuses with normal 
umbilical artery Doppler. Ultrasound Obstet 
Gynecol 2010;   35:   456–461. 

 48 Arbeille P, et al: Assessment of the fetal PO 2  
changes by cerebral and umbilical Doppler on 
lamb fetuses during acute hypoxia. Ultra-
sound Med Biol 1995;   21:   861–870. 

 49 Cruz-Martinez R, et al: Longitudinal brain 
perfusion changes in near-term small-for-
gestational-age fetuses as measured by spec-
tral Doppler indices or by fractional moving 
blood volume. Am J Obstet Gynecol 2010;  
 203:   42.e1–6. 

 50 Roza SJ, et al: What is spared by fetal brain-
sparing? Fetal circulatory redistribution and 
behavioral problems in the general popula-
tion. Am J Epidemiol 2008;   168:   1145–1152. 

 51 Figueroa-Diesel H, et al: Doppler changes in 
the main fetal brain arteries at different stages 
of hemodynamic adaptation in severe intra-
uterine growth restriction. Ultrasound Obstet 
Gynecol 2007;   30:   297–302. 

 52 Dubiel M, Gunnarsson GO, Gudmundsson S: 
Blood redistribution in the fetal brain during 
chronic hypoxia. Ultrasound Obstet Gynecol 
2002;   20:   117–121. 

 53 Baschat AA, Gembruch U, Harman CR: The 
sequence of changes in Doppler and biophys-
ical parameters as severe fetal growth restric-
tion worsens. Ultrasound Obstet Gynecol 
2001;   18:   571–577. 

 54 Hecher K, et al: Fetal venous, intracardiac, 
and arterial blood flow measurements in in-
trauterine growth retardation: relationship 
with fetal blood gases. Am J Obstet Gynecol 
1995;   173:   10–15. 

 55 Schwarze A, et al: Qualitative venous Doppler 
flow waveform analysis in preterm intrauter-
ine growth-restricted fetuses with ARED flow 
in the umbilical artery – correlation with 
short-term outcome. Ultrasound Obstet Gy-
necol 2005;   25:   573–579. 

 56 Baschat AA, et al: Qualitative venous Doppler 
waveform analysis improves prediction of 
critical perinatal outcomes in premature 
growth-restricted fetuses. Ultrasound Obstet 
Gynecol 2003;   22:   240–245. 

 57 Bilardo CM, et al: Relationship between 
monitoring parameters and perinatal out-
come in severe, early intrauterine growth re-
striction. Ultrasound Obstet Gynecol 2004;  
 23:   119–125. 

 58 Morris RK, et al: Systematic review and meta-
analysis of the test accuracy of ductus venosus 
Doppler to predict compromise of fetal/neo-
natal wellbeing in high-risk pregnancies with 
placental insufficiency. Eur J Obstet Gynecol 
Reprod Biol 2010;   152:   3–12. 

 59 Fouron JC, et al: The relationship between 
an aortic isthmus blood flow velocity index 
and the postnatal neurodevelopmental sta-
tus of fetuses with placental circulatory in-
sufficiency. Am J Obstet Gynecol 2005;   192:  
 497–503. 

 60 Fouron JC, et al: Relationship between flow 
through the fetal aortic isthmus and cerebral 
oxygenation during acute placental circula-
tory insufficiency in ovine fetuses. Am J Ob-
stet Gynecol 1999;   181:   1102–1107. 

 61 Makikallio K, Jouppila P, Rasanen J: Retro-
grade aortic isthmus net blood flow and hu-
man fetal cardiac function in placental insuf-
ficiency. Ultrasound Obstet Gynecol 2003;   22:  
 351–357. 

 62 Del Rio M, et al: Doppler assessment of the 
aortic isthmus and perinatal outcome in pre-
term fetuses with severe intrauterine growth 
restriction. Ultrasound Obstet Gynecol 2008;  
 31:   41–47. 

 63 Figueras F, et al: Monitoring of fetuses with 
intrauterine growth restriction: longitudinal 
changes in ductus venosus and aortic isthmus 
flow. Ultrasound Obstet Gynecol 2009;   33:   39–
43. 

http://dx.doi.org/10.1159%2F000357592


 Figueras/Gratacós

 

Fetal Diagn Ther 2014;36:86–98
DOI: 10.1159/000357592

98

 64 Evertson LR, et al: Antepartum fetal heart rate 
testing. I. Evolution of the nonstress test. Am 
J Obstet Gynecol 1979;   133:   29–33. 

 65 Pattison N, McCowan L: Cardiotocography 
for antepartum fetal assessment. Cochrane 
Database Syst Rev 2000:CD001068. 

 66 Dawes GS, Redman CW: Automated analysis 
of the FHR: evaluation? Am J Obstet Gynecol 
1992;   167:   1912–1914. 

 67 Grivell RM, et al: Antenatal cardiotocography 
for fetal assessment. Cochrane Database Syst 
Rev 2010:CD007863. 

 68 Bracero LA, Morgan S, Byrne DW: Compari-
son of visual and computerized interpretation 
of nonstress test results in a randomized con-
trolled trial. Am J Obstet Gynecol 1999;   181:  
 1254–1258. 

 69 Manning FA, et al: Fetal assessment based on 
fetal biophysical profile scoring. VIII. The in-
cidence of cerebral palsy in tested and untest-
ed perinates. Am J Obstet Gynecol 1998;   178:  
 696–706. 

 70 Manning FA, et al: Fetal biophysical profile 
score. VI. Correlation with antepartum um-
bilical venous fetal pH. Am J Obstet Gynecol 
1993;   169:   755–763. 

 71 Miller DA, Rabello YA, Paul RH: The modi-
fied biophysical profile: antepartum testing in 
the 1990s. Am J Obstet Gynecol 1996;   174:  
 812–817. 

 72 Kaur S, et al: Biophysical profile in the treat-
ment of intrauterine growth-restricted fetuses 
who weigh <1,000 g. Am J Obstet Gynecol 
2008;   199:   264.e1–4. 

 73 Alfirevic Z, Neilson JP: Biophysical profile 
for fetal assessment in high risk pregnancies. 
Cochrane Database Syst Rev 2000:CD000038. 

 74 Chauhan SP, et al: Perinatal outcome and am-
niotic fluid index in the antepartum and in-
trapartum periods: a meta-analysis. Am J Ob-
stet Gynecol 1999;   181:   1473–1478. 

 75 Gulmezoglu AM, Hofmeyr GJ: Plasma vol-
ume expansion for suspected impaired fetal 
growth. Cochrane Database Syst Rev 
2000;CD000167. 

 76 Gulmezoglu AM, Hofmeyr GJ: Betamimetics 
for suspected impaired fetal growth. Co-
chrane Database Syst Rev 2001;CD000036. 

 77 Laurin J, Persson PH: The effect of bedrest in 
hospital on fetal outcome in pregnancies 
complicated by intrauterine growth retarda-
tion. Acta Obstet Gynecol Scand 1987;   66:  
 407–411. 

 78 Say L, Gulmezoglu AM, Hofmeyr GJ: Mater-
nal nutrient supplementation for suspected 
impaired fetal growth. Cochrane Database 
Syst Rev 2003;CD000148. 

 79 Say L, Gulmezoglu AM, Hofmeyr GJ: Mater-
nal oxygen administration for suspected im-
paired fetal growth. Cochrane Database Syst 
Rev 2003;CD000137. 

 80 Jacobsson B, et al: Cerebral palsy and intra-
uterine growth restriction: a population-
based case-control study. BJOG 2008;   115:  
 1250–1255. 

 81 Gardosi J: GRIT: concern about external va-
lidity. Lancet 2005;   365:   384; author reply 385. 

 82 Van Wyk L, et al: Effects on (neuro)develop-
mental and behavioral outcome at 2 years of 
age of induced labor compared with expect-
ant management in intrauterine growth-re-
stricted infants: long-term outcomes of the 
DIGITAT trial. Am J Obstet Gynecol 2012;  
 206:   406.e1–7. 

 83 Jozwiak M, et al: Mechanical methods for in-
duction of labour. Cochrane Database Syst 
Rev 2012:CD001233. 

 84 McCowan LM, et al: A pilot randomized con-
trolled trial of two regimens of fetal surveil-
lance for small-for-gestational-age fetuses 
with normal results of umbilical artery Dopp-
ler velocimetry. Am J Obstet Gynecol 2000;  
 182:   81–86. 

  

http://dx.doi.org/10.1159%2F000357592

