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�Introduction

Fetal growth restriction (FGR) is a disorder affecting the fetal development and an 
acknowledged risk factor for poor neonatal condition at birth and impaired neuro-
development and diseases such as hypertension, metabolic syndrome, and obesity 
in the adulthood [1–6].

FGR may be secondary to a number of other conditions which include congenital 
anomalies or genetic syndromes, intrauterine infections, and drug or substance mis-
use; however, most cases of FGR occur as a consequence of placental insufficiency 
leading to fetal hypoxia [7]. Currently, it is not possible to reverse the progressive 
nature of FGR; therefore, timed delivery remains the only effective intervention [7, 8].

FGR is currently subclassified into two entities, namely, early FGR and late 
FGR, which differ in terms of clinical manifestations, association with hyperten-
sion, Doppler features and patterns of deterioration, and severity of the placental 
dysfunction [7, 9–11] other than for the gestational age at diagnosis, which is con-
ventionally set at or below 32 weeks for early FGR and beyond 32 weeks for late-
onset FGR. As a general rule, early FGR is defined by fetal smallness and abnormal 
umbilical artery (UA) pulsatility index (PI) and shows a 60–70% association with 
hypertensive disorder or the pregnancy; on the other hand, late FGR is most com-
monly characterized by normal UA Doppler and only rarely co-existent with gesta-
tional hypertension or preeclampsia [7, 9].

Fetal adaptation to chronic placental insufficiency and hypoxia leads to the pref-
erential diversion of the fetal cardiac output in favor of the left ventricle, which is 
ultimately responsible for the redirection of the fetal blood flow to the brain and the 
heart [12–14]. When fetal hypoxia worsens, adaptive mechanisms result in abnor-
mal arterial and venous flow [15].
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Fetal smallness is not a synonym of FGR as fetuses whose estimated fetal weight 
is below the 10th percentile for the given gestation may be constitutionally small 
but healthy and not necessarily growth restricted. These are defined as small for 
gestational age (SGA) fetuses. On the other hand, available evidence has suggested 
that an estimated fetal weight >10th percentile does not necessarily denote normal 
fetal growth, particularly at late gestation [16–19]. Therefore, FGR should be 
referred to fetuses with pathological smallness caused by an underlying functional 
problem, and hence a definition including not only a biometric cutoff but also 
Doppler indices of feto-placental function is currently agreed in most fetal medicine 
units [9, 16, 20, 21].

As stated by the Society for Maternal and Fetal Medicine, antenatal detection of 
FGR can improve outcomes by allowing selection of appropriate fetal surveillance 
and optimizing the timing of delivery [3].

Doppler ultrasound has become an essential tool in maternal and fetal medicine 
and particularly in the diagnosis and the surveillance of the growth-restricted fetus. 
Abnormalities of placental and fetal blood flows are a prominent feature of FGR 
caused by underlying placental dysfunction. In this chapter, we synthesize and 
assess the evidence-based role of the umbilical artery (UA), middle cerebral artery 
(MCA), ductus venosus (DV), and fetal cardiac Doppler in the diagnosis and moni-
toring of non-anomalous singleton fetuses with FGR of suspected placental 
origin.

�Pathophysiology of Fetal Growth Restriction of Placental 
Origin

FGR is a complex process of adaptation of the growing fetus to the restricted meta-
bolic supply of the placenta, unable to negotiate the full requirements of fetal genetic 
potential [20]. Each metabolic pathway, organ, and function reshapes a strategy to 
cope with this deprived environment [14].

Doppler assessment of the FGR fetus relies on the evaluation of the fetal well-
being by examining hypoxemia-triggered compensatory signs in the fetal circula-
tion. Available data suggest that there are in fact various patterns of Doppler 
deterioration occurring in a truly sequential manner, meaning that an initial abnor-
mal Doppler finding is followed by another and another over time [22, 23]. In 2008, 
Turan et al. described “mild placental dysfunction,” “progressive placental dysfunc-
tion,” and “severe early-onset placental dysfunction” as three different patterns of 
Doppler deterioration in FGR [23]. These presumed sequences and their potential to 
anticipate fetal deterioration form the basis for Doppler diagnosis and surveillance 
in FGR. According to the most common of them (i.e., “progressive placental dys-
function”), which occurred in almost 50% of all cases, placental insufficiency 
results in increased resistance of the feto-placental unit and in compensatory hemo-
dynamic changes which include blood flow redistribution toward essential fetal 
organs (brain, heart, and adrenal glands) at the expense of other organ systems [14, 
23, 24]. This phenomenon is attributed to a “brain sparing” adaptive response of the 
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cerebral blood vessels to the local effects of fetal hypoxemia with or without hyper-
capnia and is due to their autoregulatory capability to vasodilate in the event of 
reduced perfusion. As a result, decreased resistance to blood flow is found in the 
MCA.

These initial - “early” - changes are followed by elevations in venous Doppler 
indices. Abnormal DV Doppler waveforms either may be related to the vasodilata-
tion of the isthmus of the DV, which is dependent on local mediators such as nitric 
oxide or prostaglandins [25], or may reflect an increased pressure in the right atrium 
as a result of the relative inability of the cardiac systolic function to overcome the 
increased peripheral resistance and the metabolic needs of the myocardium [26]. 
Therefore, DV flow abnormalities are regarded as “late” Doppler abnormalities 
which indicate that the adaptive mechanisms are overwhelmed and impending 
decompensation resulting in metabolic acidemia and cerebral hypoxia will shortly 
result in pathological fetal heart rate patterns and stillbirth [27–29].

It is important to note that the velocity of the Doppler deterioration as a sign of 
fetal adaptation to placental insufficiency varies depending on the gestational age 
[14]. This latter parameter is of paramount importance when considering the moni-
toring frequency, the administration of antenatal steroids and delivery [23].

�Targets for Doppler Examination in the Fetus

�Umbilical Artery

Umbilical artery Doppler allows the assessment of the resistance to blood perfusion 
of the feto-placental unit. Umbilical arteries are paired vessels carrying blood 
mostly pumped in the descending aorta by the right ventricle through the ductus 
arteriosus which obliterate after birth. The flow features of the umbilical artery can 
be assessed in a noninvasive qualitative manner using continuous or pulsed-wave 
Doppler ultrasound [30]. There is a significant difference in the impedance of the 
umbilical cord [31] – and therefore in the Doppler indices – at the fetal end, in the 
free loop, and at the placental end, being such impedance highest at the fetal end. 
Reference ranges for umbilical artery Doppler indices at these sites have been pub-
lished [32, 33]. In clinical practice, Doppler waveforms of the umbilical artery can 
be obtained from any segment along the umbilical cord [3]; however, according to 
the International Guidelines, measurements of the Doppler indices of the umbilical 
artery should be made in a free cord loop in singletons [34]. Again, International 
Guidelines state that in multiple pregnancies and/or when comparing repeated mea-
surements longitudinally, recordings from fixed sites, i.e., fetal end, placental end, 
or intra-abdominal portion, may be more reliable [34].

As a general rule for all Doppler measurements, the angle of correction is not 
necessary when measuring the PI; however, the angle of insonation should be <30 
degrees, ideally as close to 0 degrees as possible. Additionally, Doppler indices 
should be obtained in the absence of fetal breathing and when the waveform is uni-
form [34].
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Although there are other quantitative assessments of umbilical artery Doppler 
(e.g., resistance index) available, the systolic to diastolic (S/D) ratio and pulsatility 
index (PI) represent those most commonly used as they allow to manage most cases 
of suspected IUGR. Qualitatively, UA Doppler is assessed in terms of patterns of 
the end-diastolic flow (EDF), which is positive under normal circumstances; how-
ever, pathological increase of the vascular resistance caused by an obliteration of the 
placental vascular bed by over 50% progressively leads to absent EDF (AEDF) and 
reversed EDF (REDF) (Fig. 10.1).

Evaluation of placental function by UA Doppler has become a clinical standard 
to distinguish between SGA and FGR [7, 9, 16, 20]. Studies conducted on animal 
models and placental pathology have demonstrated that the obliteration of more 
than 50% of the placental vessels is required before absent or reversed end-diastolic 
velocities appear [35, 36]. On the other hand, small fetuses with normal UA Doppler 
are now considered as SGA or constitutionally small [16, 20, 21, 37, 38]. This may 
not be true for late-onset cases, in which a substantial proportion of cases with a 
normal UA have true FGR and are at risk of adverse perinatal outcome [39–42].

Umbilical artery Doppler is related to fetal acidemia [43] and is the only measure 
that provides both diagnostic and prognostic information for the management of 
FGR [44]. A Cochrane systematic review reported that the use of UA Doppler was 
associated with a reduction in perinatal deaths, inductions of labor, and cesarean 
deliveries [45]. According to the Royal College of Obstetricians and Gynecologists, 

a
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c

Fig. 10.1  Doppler assessment of the umbilical artery. (a) Umbilical artery Doppler showing high 
pulsatility index and positive end-diastolic flow (EDF, pointed by the arrow). (b) Umbilical artery 
Doppler with absent end-diastolic flow (AEDF). (c) Umbilical artery Doppler showing reverse 
end-diastolic flow (REDF)
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the use of UA Doppler in a high-risk population reduces perinatal morbidity and 
mortality and should be the primary surveillance tool in the SGA fetus [46].

Umbilical artery flow identifies different degrees of impaired placental function. 
Absent end-diastolic flow (AEDF) and/or reversed end-diastolic flow (REDF), often 
considered a unique entity as absent/reversed end-diastolic flow (AREDF), indicate 
an important reduction of the function of the placenta. Longitudinal studies on high-
risk pregnancies have shown that the transition from AEDF to REDF may be slow 
and gradual. AEDF can last for days and weeks before abnormal heart rate pattern 
or delivery [47], while REDF, which represents an extreme abnormality in wave-
form, has been related to a significant perinatal morbidity and mortality [47, 48] and 
to a higher incidence of long-term permanent neurologic damage compared to FGR 
fetuses with positive EDF [7, 49]. Absent or reversed EDF are mostly found in early 
FGR, and these patterns have been reported to be present on average 1 week before 
acute fetal deterioration. Up to 40% of fetuses with acidosis show this umbilical 
flow pattern [50]. Despite the fact that an association exists between the presence of 
REDF in the umbilical artery and adverse perinatal outcome (with a sensitivity and 
specificity of about 60%), it is not clear whether this association is confounded by 
prematurity [7]. Absent or reversed EDF in the umbilical artery is commonly asso-
ciated with severe FGR with birthweight <3rd percentile for gestational age and 
oligohydramnios [3].

�Middle Cerebral Artery

The middle cerebral arteries (MCAs) are two of the major branches of the circle of 
Willis and carry >80% of the cerebral circulation in the fetus [3, 34]. The MCAs are 
the most accessible cerebral vessels for ultrasound imaging in the fetus and can be 
sampled on an axial section of the brain including the thalami and the sphenoid 
bone wings [3, 34]. Color flow mapping should be used to identify the circle of 
Willis, and Doppler sampling should be performed at the proximal third of the 
MCA in order to obtain the best reproducibility [34, 51] (Fig. 10.2).

Under normal conditions, the cerebral circulation is characterized by  high 
impedance and shows high PI with continuous forward flow present throughout the 
cardiac cycle [52]. A reduction of the PI of the MCA identifies a process of adapta-
tion by vasodilatation which is known as the “brain sparing effect” and has been 
associated with adverse fetal and perinatal outcome and suboptimal neurodevelop-
ment at 2 years of age not only in early severe FGR flagged by an abnormal umbili-
cal arterial PI but also in late and term FGR fetuses with normal UA PI [42, 53–55]. 
Despite these associations, available data have shown that cerebral Doppler is not 
useful for the diagnosis and the management in early FGR [56]. As regards late 
FGR, a potential role of MCA Doppler for the differential diagnosis between SGA 
and late FGR has been demonstrated [57–60]. Nevertheless, MCA Doppler testing 
of suspected late FGR fetuses has not been evaluated in randomized trials, and to 
date no specific intervention has been shown to improve outcomes based on abnor-
mal findings [3].
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MCA Doppler can be combined with the UA Doppler in the cerebroplacental 
ratio (CPR), also named as cerebro-umbilical (C-U) ratio; the umbilico-cerebral 
(U-C) ratio represents an inverted ratio of the same parameters and is suggested to 
be a better discriminator within the context of abnormal findings [56]. The cere-
broplacental ratio (CPR) quantifies the redistribution of cardiac output by dividing 
the Doppler indices of the MCA with that of the UA. This ratio has been demon-
strated to be more sensitive to hypoxia than its individual components on their own 

a

b

Fig. 10.2  Doppler assessment of the middle cerebral artery (MCA). (a) On gray-scale ultrasound, 
the MCA can be sampled on an axial section of the brain including the thalami and the sphenoid 
bone wings (left). Color flow mapping can identify the circle of Willis (right). Doppler sampling 
should be performed at the proximal third of the MCA (circled) in order to obtain the best repro-
ducibility. (b) Normal MCA Doppler waveform showing low diastolic flow suggestive of high 
intracerebral resistance
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and to better correlate with adverse outcome in SGA/FGR fetuses [61, 62] but also 
in apparently normally grown fetuses close to term [17–19, 63, 64]. Recent data 
suggest that reduced CPR together with uterine artery (UtA) Doppler represents 
the parameters which allow a differential diagnosis between SGA and late FGR 
fetuses with normal UA Doppler [42, 57–60].

Ongoing and planned trials are likely to provide further insights into the actual 
role of the cerebral Doppler – on its own or paired with UA within the context of 
the CPR or the U-C ratio – in the management of late FGR, particularly clarifying 
whether anticipating delivery based on abnormal CPR findings may improve the 
neurodevelopmental outcome in the infanthood (http://www.truffle-study.org/
research/).

�Ductus Venosus

The ductus venosus (DV) is one of the three arterial-to-venous shunts existing in 
fetal life and is responsible for the diversion of well-oxygenated blood from the 
umbilical vein to the inferior vena cava and the right atrium, thus bypassing the 
intrahepatic vascular system. Anatomically the DV consists in a narrow inlet whose 
diameter may vary depending upon local mediators such as nitric oxide and prosta-
glandins, thus determining a variation in the percentage of blood shunted through 
the DV. Under normal circumstances, the DV diverts a percentage of venous blood 
ranging between 30% at midgestation and 15% at term pregnancy; however, FGR is 
associated with increased ductus venosus (DV) shunting. Among the precordial ves-
sels available for Doppler assessment in FGR fetuses (the others are represented by 
the inferior vena cava and the umbilical vein), the DV represents the most important 
one both for prognostic and diagnostic purposes in early FGR fetuses as demon-
strated by the results of the TRUFFLE study [9, 65–69].

The DV can be visualized both with gray-scale ultrasound and with color or 
power Doppler either in a midsagittal or a transverse section of the fetal abdomen as 
a narrow vessel arising from the umbilical vein and a vertical oblique course to the 
inferior vena cava just below the diaphragm. Color flow mapping at its isthmic por-
tion demonstrates the high velocity with “aliasing” at the narrow entrance of the DV 
and indicates the standard sampling site for Doppler measurements [3, 34].

Continuous forward flow throughout the cardiac cycle is seen in the normal fetus 
[3, 34, 72]. The correct sampling of the DV most commonly determines a biphasic 
waveform constituted by the “S” component, which represents the first increase in 
venous forward velocities as a result of the ventricular systole; the “D” component, 
which represents the second peak of velocity occurring during the passive ventricu-
lar filling of the ventricular diastole of the cardiac cycle; and finally the “A” compo-
nent representing the late ventricular filling dependent on the atrial contraction 
which occurs in the late diastole of the cardiac cycle [3, 34] (Fig. 10.3). Rarely, 
non-pulsating recordings may be seen in healthy fetuses [34]. The DV Doppler can 
be assessed quantitatively by means of the DV PI, which is low under normal cir-
cumstances and increases as a result of the vasodilatation of the isthmus of the DV 
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and of cardiac dysfunction both in terms of increased preload and afterload resis-
tance. Qualitative evaluation of the DV Doppler includes the assessment of the “A” 
component of the waveform which in the case of decreased, absent, or reversed flow 
represents myocardial impairment and increased ventricular end-diastolic pressure 
resulting from an increase in right ventricular afterload. This abnormal waveform in 
the ductus venosus has been documented in FGR fetuses and linked to increased 
neonatal mortality rate [71, 72]. A semiquantitative evaluation of the DV Doppler 
has also been suggested; however, there is no evidence-based data supporting its 
usefulness for the management of early or late FGR fetuses [73].

There is no available data on DV Doppler in late FGR fetuses. As regards early 
FGR, evidence from the Trial of Randomized Umbilical and Fetal Flow in Europe 
(TRUFFLE study) has shown the crucial role of DV Doppler for the management of 
preterm growth-restricted fetuses before 32 weeks of gestation [9, 65–69]. In con-
trast to the alterations of the UA and the MCA Doppler, which represent early signs 
of impaired placental function, DV flow waveforms become abnormal only in 
advanced stages of fetal compromise [27, 74, 75]. It has been shown that the PI of 
the DV is related to acidemia at cordocentesis [28] and low  pH at birth, being 
the DV PI inversely related to the UA pH at birth [76]. Absence or reversal of the 
DV “A-wave” represent signs of late adaptation to chronic hypoxia and impending 
decompensation similar to the REDF in the umbilical artery. In 2001, Hecher et al. 

a

b

Fig. 10.3  Doppler assessment of the ductus venosus (DV). (a) DV showing biphasic waveform 
characterized by an “S” component, which corresponds to the ventricular systole; a “D” compo-
nent, which represents the second peak of velocity occurring during the passive ventricular filling 
of the ventricular diastole of the cardiac cycle; and a late diastole “A” component corresponding to 
the late ventricular filling dependent on the atrial contraction. In (b) reversed “A-” wave at 30 weeks
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described the time sequence of changes in fetal monitoring variables in early FGR 
and demonstrated that DV Doppler and short-term variation (STV) of fetal heart 
rate, which can be measured by means of computerized cardiotocography (cCTG), 
are important indicators for the optimal timing of delivery before 32 weeks of gesta-
tion [27]. More recent data have shown high specificity of the absence or reversal of 
the DV A-wave for the prediction of low UA pH at birth [24] and significant asso-
ciation with perinatal death regardless of the gestational age at delivery [76]. These 
findings were confirmed by the results of the TRUFFLE study [9, 65–69].

�Cardiac Function in Fetal Growth Restriction: Rationale 
for the Doppler Investigation of the Fetal Heart

During fetal life, the right and the left ventricles work in parallel and have indepen-
dent outputs, with a right ventricular dominance [13]. As a result of the “early" 
changes described by the most common pattern of Doppler deterioration occurring 
in FGR fetuses, which we have detailed, increased umbilical resistance leads to an 
increase in the right ventricular afterload. Conversely, the onset of the “brain spar-
ing” effect leads to a reduction in left ventricular afterload leading to a preferential 
shift of the cardiac output to the left ventricle and hence to the brain and to the coro-
nary vessels arising from the ascending aorta.

Other than the “brain sparing effect,” additional evidence has shown an increase 
in the coronary flow in FGR fetuses which was called the “heart-sparing effect” 
[77]. Such increased blood supply, together with the intrinsic mechanisms respon-
sible for the autoregulation of the coronary flow - which are dependent upon the 
relative concentrations of oxygen and carbon dioxide, hydrogen ions, potassium, 
lactate, adenosine, and other metabolites and are activated in cases of chronic 
hypoxia such as FGR [77] - seem to explain why the coronary vessels can be imaged 
at earlier gestation in FGR fetuses compared to normally grown ones [78]. 
Nevertheless, no quantitative comparisons of the coronary flow between FGR and 
normal fetuses have been undertaken, and no prospective evaluation of the coronary 
flow in FGR and its correlation with Doppler and infant outcomes has been 
performed.

Following cerebral  – and cardiac  – redistribution, no further blood shifting 
occurs; however, a longitudinal reduction in the cardiac output occurs as a result of 
worsening hypoxia which leads to a progressive increase both of the left and the 
right ventricular afterload as well as an increased venous return from the superior 
vena cava secondary to the “brain sparing” process. These ultimately increase the 
filling pressure of the right atrium and lead to the Doppler abnormalities of the DV 
[25, 26]. Such scenario of progressive systolic and diastolic overload in fact repre-
sents a continuum of abnormal filling and emptying pressures which need to be 
overcome by the fetal heart of the growth-restricted fetus, and it seems reasonable 
to hypothesize that different steps of cardiac overload are responsible for the three 
different phenotypes of morphological remodeling of the fetal heart in FGR which 
have been very recently described [79].
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Based on these assumptions, the analysis of fetal cardiac function in FGR might 
provide important information on the hemodynamic status and the cardiovascular 
adaptation of the fetus  and  help in the differential diagnosis between FGR and 
SGA [80]. A broad range of US techniques have been applied for evaluation of 
fetal cardiac function, and several fetal myocardial functional parameters have 
been evaluated and suggested as potentially useful within the context of fetal 
smallness. Nevertheless, their use in early and late FGR is not supported by any 
clinical evidence, and today none of them leads to changes in the perinatal man-
agement compared to the “conventional” assessment of peripheral arteries and the 
venous system [81].

�Doppler of the Aortic Isthmus

The aortic isthmus (AoI) is the segment of the aorta located between the origin of 
the left subclavian artery and the connection of the ductus arteriosus to the descend-
ing aorta. The AoI is the only arterial connection between the right ventricle, which 
supplies mainly the systemic and placental circulations, and the left ventricle, 
which supplies essentially the cerebral vascular network [8, 82]; therefore, its 
blood flow pattern reflects the balance between ventricular outputs and the relative 
difference in vascular impedance in either vascular system. The rationale for the 
Doppler assessment of the AoI is represented by the fact that during diastole, when 
the aortic and pulmonary valves are closed, the direction of blood flow in the AoI 
solely reflects the differences between the downstream impedances of the right 
(mainly placental vascular resistance) and left (mainly cerebral vascular resistance) 
ventricles [8].

The AoI can be visualized using gray-scale (B-mode) ultrasound either on the 
longitudinal view of the aortic arch or on the cross-sectional view of the upper tho-
rax at the level of the three-vessel/trachea views [83, 84] (Fig. 10.4). Once the vas-
cular segment is identified, pulsed-wave Doppler velocimetry can be performed 
after the adjustment of the size of the sample gate according to the size of the AoI, 
which is dependent upon gestational age [85].

Antenatal Doppler study of the AoI includes the quantitative assessment of the 
peak systolic (PSV), end-diastolic (EDV), and time-averaged maximum 
(TAMXV) velocities through the AoI itself; the semiquantitative evaluation of the 
PI and/or of the isthmic flow index (IFI), which was devised in order to include 
the amount and direction of blood flow and is computed as (PSV + EDV)/PSV 
[86]; and the qualitative description of antegrade or retrograde flow [87–90]. 
Under normal conditions, AoI velocity waveforms show antegrade flow during 
systole and diastole because the placental resistances are lower than those present 
in the fetal upper body. The normal waveform of the AoI is characterized by a 
quick systolic upstroke (short acceleration time) with mean peak systolic veloci-
ties ranging between 30 and 100 cm/s followed by a more gradual deceleration of 
the velocity and a narrow incisura at the end of systole, which is usually absent 
before 20 weeks of gestation. Retrograde flow during diastole or net blood flow 
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Fig. 10.4  Gray-scale (B-mode) and color Doppler imaging of the aortic isthmus (circled) on the 
longitudinal view of the aortic arch (a) and on the cross-sectional view of the upper thorax at the 
level of the three-vessel/trachea view (b)
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reversal is always abnormal and can be observed in the case of chronic placental 
insufficiency associated with increased peripheral resistance and vasodilatation 
of the cerebral circulation.

As before mentioned, in the absence of randomized or prospective data, there is 
no role for the Doppler of the AoI for the diagnosis and the monitoring of early or 
late FGR. Even though from a pathophysiology point of view it is reasonable to 
hypothesize a relationship between the Doppler indices through the AoI and UA and 
DV Doppler features as a consequence of the changes in peripheral and cerebral 
resistances, controversial results have emerged from the studies evaluating such cor-
relations [82, 89, 91, 92]. Regarding postnatal assessment, available data suggest an 
association between adverse perinatal outcome and neurodevelopmental deficits 
and abnormal Doppler recordings in the AoI in terms of predominant reversed dia-
stolic blood flow and IFI <0.70 with net reversed diastolic flow through the AoI 
[82], even though this relationship has shown a low sensitivity [93].

�E/A Ratio

Doppler ultrasound allows the evaluation of the diastolic component of the fetal 
cardiac cycle and has been suggested in the assessment of FGR fetuses based on the 
assumption that increased afterload and chronic hypoxia ultimately lead to increased 
preload and impairment of the diastolic function in the case of advanced fetal 
compromise.

The E/A ratio is one of the parameters suggested for the evaluation of the cardiac 
diastolic function in the fetus. It is defined by the ratio between the E (early or pas-
sive) velocity, which is measured during the early passive ventricular filling and is 
related to the process of myocardial relaxation and negative pressure applied by the 
ventricles, and the A (atrial, active, or late) velocity, which represents the active 
ventricular filling during atrial contraction.

The E/A ratio can be measured by evaluating the transmitral or the transtricuspi-
dal waveforms obtained with pulsed-wave Doppler and continuous wave Doppler. 
Recordings are obtained at the level of the four-chamber view of the fetal heart, in 
which the Doppler sample gate is located just below either atrioventricular valve, 
where a biphasic waveform is usually displayed in the normal fetus (Fig. 10.5). It is 
recommended to keep the Doppler sample gate between 2 and 3 mm in order to 
avoid contamination with artifacts from wall motion and from the outflow tracts. 
The biphasic nature of the E/A waveform is lost if the Doppler gate is located too 
deep within the ventricle. There are some mild differences between both sides of the 
heart which are constantly observed in all normal pregnancies as the right E and A 
waveforms have higher velocities and their ratio is slightly lower than that of the left 
side [94]. Recordings must be performed in the absence of fetal breathing and with-
out maternal and fetal movements.

Uncomplicated pregnancies show a progressive increase of the E/A ratio across 
gestation [95]. Conversely, in SGA fetuses the E/A ratio does not increase, and its 
values are significantly lower than in normal fetuses. A reduced E/A ratio indicates 
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that the process of ventricular filling depends more on the atrial contraction than on 
the negative pressure during relaxation. The two main conditions affecting the 
ratios - i.e. chronic hypoxia and cardiac overload - might affect the relaxation pro-
cess, thus reducing the E/A ratios. On a small cohort of FGR fetuses, Figueras et al. 
reported lower E/A ratios in both atrioventricular valves compared to normally 
grown fetuses with early deterioration of the right E/A ratio [96]. More recent data 
suggested that there is a “continuum” in the deterioration of the E/A ratio, with 
monophasic diastolic waves associated with abnormalities in all prenatal cardiac 
parameters in fetuses with severe FGR who eventually died or developed neurologi-
cal damage [97]. However, this observation was not confirmed in prospective stud-
ies; therefore, to date there is no clinical role for the E/A ratio in the diagnosis and 
management of FGR fetuses.

�Myocardial Performance Index

The myocardial performance index (MPI) – also named as Tei index – is a param-
eter that reflects both systolic and diastolic functions as the sum of the isovolumetric 
contraction time (ICT) and isovolumetric relaxation time (IRT) divided by the ejec-
tion time (EJT): (ICT + IRT)/EJT [98].

a

b

Fig. 10.5  Pulsed-wave 
Doppler assessment of the 
E/A ratio at the level of the 
tricuspid valve. (a) 
Four-chamber view of the 
fetal heart, in which the 
Doppler sample gate is 
located just below the 
tricuspid valve. (b) 
Biphasic waveform which 
is displayed in the normal 
fetus, representing the 
passive ventricular filling 
in early diastole (E 
component) and the active 
ventricular filling (“A,” 
atrial, active, or late 
component) which occurs 
during atrial contraction
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The MPI can be measured either with pulsed-wave (PW) or tissue Doppler tech-
nique. From a cross-sectional view of the fetal thorax, recordings must be performed 
from the four-chamber view of the heart with an apical projection and an angle of 
insonation below 20°. Using PW Doppler, a sample gate of about 3–4 mm needs to 
be placed to include both the lateral wall of the ascending aorta and the mitral valve 
where the clicks corresponding to the opening and closing of the two valves can be 
clearly visualized [99]. This allows the sampling of the E/A and of the aortic ejec-
tion waveforms. The isovolumetric contraction time (ICT), ejection time (ET), and 
isovolumetric relaxation time (IRT) can be calculated using the clicks of the mitral 
and aortic valves as landmarks as shown in Fig.  10.6. Briefly, the isovolumetric 
contraction time (ICT, ms) represents the time from closure of the mitral valve to the 
opening of the aortic valve; the isovolumetric relaxation time (IRT, ms) represents 
the time from closure of the aortic valve to the opening of mitral valve; the ejection 
time (ET, ms) or systolic time interval represents the time from opening of the aortic 
valve to its closure. Using Tissue Doppler technique, the MPI can be measured by 
placing a 2–3 mm pulsed-wave gate in the basal part of the left and right ventricular 
free walls (at the level of the mitral and tricuspid valve annulus, respectively). Peak 
annular velocities need to be measured during early diastole (E), atrial contraction 
(A), and systole  (S) and provide the same waveform landmarks used with PW 

a

b

Fig. 10.6  Pulsed-wave 
Doppler assessment of the 
myocardial performance 
index (MPI). (a) 
Recordings must be 
performed from the 
four-chamber view of the 
heart with an apical 
projection of the heart; the 
sample gate needs to be 
placed to include both the 
lateral wall of the 
ascending aorta in order to 
sample the E/A and the 
aortic ejection (S) 
waveforms (circled in 
yellow). (b) The 
isovolumetric contraction 
time (ICT) (comprised 
between the yellow lines), 
ejection time (ET) (red 
arrow), and isovolumetric 
relaxation time (IRT) 
(comprised between the 
blue lines) are calculated 
using the clicks of the 
mitral and aortic valves as 
landmarks
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Doppler. Using either technique, measurements of all the components need to be 
obtained from the same cardiac cycle.

A significantly higher MPI in FGR compared to appropriately grown fetuses was 
demonstrated by Hassan et al. [100]. Raised MPI is seen in the early stages of car-
diac adaptation to FGR, presumably secondary to hypoxia, and remains elevated 
throughout the different stages of deterioration in FGR deterioration, similarly to 
the AoI and DV PI. Available evidence from longitudinal studies has demonstrated 
that an abnormal increase of the MPI can be detected prior to the UA  Doppler 
becoming abnormal [93] and showing absent or reversed end-diastolic blood flow 
[101].

The finding of increased MPI has been suggested as a potential discriminator 
between FGR and SGA in fetuses showing reduced biometry but normal Doppler 
[102, 103]. Hernandez-Andrade et  al. suggested that the combination of these 
parameters might be useful for defining the monitoring strategy and the optimal 
time of delivery [104]; however, there is no evidence-based strategy including the 
MPI among the parameters for the monitoring of FGR fetuses.

�Maternal Doppler and Fetal Growth Restriction

�Doppler Examination of the Uterine Arteries

Uterine arteries are paired vessels responsible for the blood supply of the uterus in 
the nonpregnant state and of the uterus and the feto-placental unit during pregnancy. 
These vessels, whose impedance is physiologically elevated with low diastolic flow 
in the nonpregnant state, undergo major anatomic and functional adaptation during 
pregnancy as a result of the trophoblastic invasion of the maternal spiral arterioles – 
named as “remodeling” – in the first half of gestation. Under normal conditions, a 
sharp decrease in uterine artery (UtA) impedance to flow occurs as placental implan-
tation progresses, which is reflected by the increased flow in diastole and disappear-
ance of the notch present in the nonpregnant UtA [105, 106]. The “remodeling” of 
the spiral arteries is usually completed by 24  weeks, and indeed less prominent 
changes in UtA Doppler occur in the third trimester.

While absolute velocities have been of little or no clinical importance, semiquan-
titative (PI) and qualitative assessment of the velocity waveforms is commonly 
evaluated. Qualitatively, the persistence of the protodiastolic “notch” of the a uter-
ine artery Doppler waveform in the late second and third trimesters has been used to 
identify abnormal uterine circulation in pregnancy (Fig. 10.7) [71, 107]. Caution, 
however, should be used against relying solely on the presence of a notch in the 
uterine artery Doppler waveform to define an abnormal uterine circulation as clini-
cians should consider also the semiquantitative measurement of the PI, with a value 
>95th percentile for gestational age considered abnormal [108].

Different techniques for the assessment of the UtA Doppler have been described 
for the first vs the second and third trimesters [34]; however, FGR of placental origin 
manifests as early as the second trimester. From this gestation, UtA can be 
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visualized either transabdominally or transvaginally. Different reference ranges 
have been published for each approach [109, 110]; however, given its high accuracy 
and reproducibility, the transabdominal approach is performed unless a transvaginal 
scan is deemed as necessary for other reasons [111]. Transabdominally, the probe 
needs to be placed longitudinally in the lower lateral quadrant of the abdomen, 
angled medially. The UtA can be demonstrated by color Doppler velocimetry as it 
originates from the anterior division of the hypogastric artery and just before it 
enters the uterus at the uterine-cervical junction. Pulsed Doppler velocimetry of the 
uterine artery should be obtained 1 cm downstream from the crossover point between 
the UtA and the hypogastric artery and before the UtA divides into the uterine and 
cervical branches [3, 34]. In a small proportion of cases the uterine artery branches 
before the intersection of the external iliac artery and the sample volume should be 
placed on the artery just before the bifurcation of the uterine artery.

Abnormal UtA Doppler best identifies the severe early-onset complications of 
impaired placentation. The systematic review and meta-analysis conducted by 
Cnossen et al. in 2008 further demonstrated the role of UtA Doppler ultrasonogra-
phy as a predictor of FGR, particularly when performed in the second trimester and 
particularly for early FGR [107]. It is important to note that there is a continuum of 
Doppler abnormality of the UtA ranging from mild increase of the PI above the 95th 
percentile for the gestation to severe abnormality of the PI with bilateral protodia-
stolic notching, which seems to impact on the likelihood of complications during 
the index pregnancy.

There is also evidence that a high impedance to flow in the uterine arteries during 
the third trimester is associated with an increased risk of adverse perinatal events 

a

b

Fig. 10.7  Doppler assessment of the uterine artery Doppler. (a) Normal waveform showing high 
diastolic flow and absent notch. (b) Abnormal waveform showing low diastolic flow with notching 
(arrow)
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regardless of fetal size in pregnancies with normal UA Doppler [113–115], thus 
supporting the concept that abnormally raised UtA PI in the third trimester may help 
in discriminating between SGA and late FGR, as discussed later in this chapter [57, 
58, 116].

�Maternal Hemodynamics and Fetal Growth Restriction

Placental perfusion and function are among the determinants of the intrauterine 
growth of the fetus, the remaining being represented by the intrinsic growth poten-
tial of the fetus. In the last decade, great interest has arisen toward maternal cardio-
vascular function in order to understand how placental perfusion is sustained under 
normal circumstances [117, 118] and which are the features of suboptimal hemody-
namic adaptation to the pregnancy. This research field, which traditionally relies on 
dedicated cardiology evaluation by means of echocardiography, has been further 
implemented with the advent of novel semiautomated devices such as the ultra-
sound cardiac output monitor (USCOM) [119–121], which allows the measure-
ments of the cardiac systolic parameters by means of pulsed-wave Doppler.

Normal pregnancy is characterized by a longitudinal increase of the cardiac out-
put (CO) which is coupled with  a  reduction of the systemic vascular resistance 
(SVR). According to the historical pathophysiology theory, hypertensive disorders 
of the pregnancy (HDP) are secondary to impaired placental function as a result of 
suboptimal remodeling of the spiral arteries, which precludes the reduction of the 
resistance of the uterine circulation, which is characterized by high resistance in the 
nonpregnant state and in early pregnancy, into a low resistance circulation. Such 
abnormality of the implantation process can also explain FGR within the context of 
HDP [122, 123]. Nevertheless, available evidence has shown that placental pathol-
ogy does not invariably demonstrate the obliteration of the placental villi in pre-
eclampsia, particularly at late gestation [124], and fetal size is not invariably small 
in preeclampsia [125].

As early as 2008, Valensise et al., within a cohort of women identified at risk of 
HDP based on abnormal midtrimester uterine artery Doppler, demonstrated the 
existence of two different hemodynamic patterns in the context of preeclampsia, the 
former, which was eventually defined as “early” preeclampsia, being associated 
with reduced CO, increased systemic vascular resistance SVR, and small fetal size, 
and the latter, named as “late preeclampsia,” showing the opposite hemodynamic 
pattern and associated with normal size or large fetuses [126]. This hypothesis of 
the existence of two phenotypes of preeclampsia associated with specular incidence 
of FGR and large for gestational age has been further supported Verlohren et al. 
[127].

Other authors have suggested that placenta should not be considered in isolation 
without regard to the fact that its function is dependent on the perfusion by the 
maternal circulation [128]. Low CO and high SVR represent the hemodynamic sur-
rogates of abnormal cardiovascular adaptation to the pregnancy with placental 
underperfusion, and it is not surprising that both of them have been related to FGR 
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[129]. Very recently Ferrazzi et al. suggested that the presence or the absence of 
FGR may represent a better discriminator than gestational age at onset of the two 
different phenotypes of preeclampsia, the “early preeclampsia” one being associ-
ated with FGR and the “late preeclampsia” one being related with normal or 
increased fetal size [130]. It is important to point out that all the above represent 
research findings with no acknowledged role in the diagnosis or in the management 
of FGR; however, these data suggest that the assessment of the maternal cardiovas-
cular function during pregnancy may become a reliable tool for a pathophysiology 
approach for the diagnosis and the treatment of conditions of abnormal placental 
function such as HDP and FGR.

�How to Diagnose Early and Late Fetal Growth Restriction

A prerequisite for the correct diagnosis of FGR is accurate dating of the pregnancy, 
ideally in the first trimester [131]. Furthermore, based on the assumption that fetal 
size is influenced by ethnicity, sex, parity, maternal size, and genetic factors, ante-
natal growth charts customized for maternal characteristics have been developed in 
order to improve the detection of abnormalities of the fetal growth [132–136]. Such 
approach has recently been challenged by the results from the Intergrowth study, 
which has shown that fetal growth patterns do not seem to be influenced by ethnic 
factors in healthy pregnancies under optimal environmental conditions [137]. 
Additionally, the quantitative comparison of the published fetal growth charts shows 
minimal differences which are unlikely to be of clinical impact. There is currently 
no evidence that routine use of customized growth charts can improve the detection 
and clinical outcomes in early FGR, in which the underlying severe placental dys-
function is almost invariably associated with fetal smallness and Doppler abnor-
malities. On the other hand, some authors suggest that a customized approach may 
improve the detection of third trimester SGA fetuses with normal UA Doppler but 
at risk of perinatal complications, although this is not widely agreed and does not 
represent the standard of care [132, 133, 135].

Multiple definitions of FGR have been suggested over the decades by national 
and international societies which have been summarized in Table 10.1 [20]. As it 
can be noted, most of them do not distinguish between early and late FGR; however, 
current thinking on the natural history of FGR differentiates these two types of FGR 
in terms of biochemical, histological, and clinical features and not only in terms of 
gestational age at diagnosis, which is conventionally set at or below 32 weeks for 
early FGR and beyond 32 weeks for late-onset FGR.

An EFW <10th percentile is acknowledged as the best clinical surrogate of FGR 
[138]. However, it is important to point out that EFW below the 10th centile for the 
gestation, albeit being diagnostic for fetal smallness, does not necessarily implies 
FGR, particularly when detected beyond 32 weeks [20, 21]. According to the crite-
ria recently agreed through a Delphi procedure by a panel of International Fetal 
Medicine experts, early FGR is defined either by severe fetal smallness (EFW or AC 
<3rd centile) or “late” UA Doppler abnormalities (AEDF, REDF) taken in isolation 
or by a combination of fetal smallness and UA PI above the 95th percentile for 
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gestation or UtA PI above the 95th percentile for the gestation detected before 
32 weeks [16]. Such definition – which includes not only a biometric cut off but also 
Doppler indices of feto-placental function and is currently endorsed by most Fetal 
Medicine specialists [9, 16, 142] – summarizes the current understanding on the 
pathogenesis of FGR, which consists in pathological smallness caused by an under-
lying functional problem. 

Late FGR is more common but less severe with absent or mild placental abnor-
malities. UA Doppler may be normal and cannot be relied for its diagnosis, how-
ever late growth restricted fetuses may react with decreased MCA impedance in 
response to hypoxemia. The recently agreed diagnostic criteria for late FGR include 
either severe fetal smallness detected beyond 32 weeks (EFW or AC <3rd percen-
tile for gestational age) or two out of three among (1) EFW or AC <10th percentile 
for gestation, (2) longitudinal reduction of the fetal growth in terms of EFW or AC 
reduced by over two quartiles compared to those measured in the second trimester, 
and (3) CPR below the 5th percentile for the gestation or UA PI above the 95th 
percentile for gestational age [16]. As before mentioned, it is uncertain whether 
such growth assessment should be performed using population-based [136], cus-
tomized [132–135], or universal fetal growth charts [137]. Additionally, there is 
great uncertainty as regards which is the optimal screening strategy – either uni-
versal or selective or contingent assessment of the fetal growth [140–142] – and 
which is the optimal gestational time frame for the evaluation of the fetal growth 
at late gestation. Recently published randomized data have shown that the univer-
sal screening of the fetal growth can identify up to three times higher number of 
late FGR fetuses [141] and that screening at 36 weeks performs better than the 
screening at 32 weeks [143]. Finally, it is important to note that beyond 32 weeks, 
an EFW or an AC >10th percentile for the gestational age does not necessarily 
exclude late FGR.  Several groups have demonstrated that even apparently 

Table 10.1  Fetal growth restriction definition in recent literature

Institution/author FGR definition
Baschat et al. 2007 Combination of small fetal abdominal circumference (AC) with elevated 

umbilical artery Doppler blood flow resistance
Cochrane 2013 Failure to reach the growth potential
DIGITAT 2012 Estimated fetal weight or an abdominal circumference below the 10th 

centile for gestational age
ACOG 2013 Fetuses with an estimated fetal weight that is less than the 10th 

percentile for gestational age
RCOG 2013 Small for gestational age (SGA) refers to an infant born with a 

birthweight less than the 10th centile
Fetal growth restriction (FGR) is not synonymous with SGA

SOGC 2013 Intrauterine growth restriction refers to a fetus with an estimated fetal 
weight <10th percentile on ultrasound that, because of a pathologic 
process, has not attained its biologically determined growth potential

PORTO 2013 EFW <5th percentile and umbilical artery PI >95th percentile
TRUFFLE 2013 AC <10th percentile and umbilical artery PI >95th percentile

Reproduced from Dall’Asta et al. [20]
EFW estimated fetal weight, PI pulsatility index
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normally grown third trimester fetuses with reduced CPR are at increased risk of 
perinatal complications, thus suggesting that a reduced CPR per se may represent 
a Doppler sign of misdiagnosed placental insufficiency and failure to reach the 
growth potential [17–19, 63, 144].

�Doppler Ultrasound and Management of Early Fetal Growth 
Restriction

The Trial Randomizing Umbilical and Fetal Flow in Europe (TRUFFLE) is the only 
randomized controlled trial  which has evaluated and demonstrated the effectiveness 
of a standardized monitoring and delivery protocol for early FGR fetuses.

Based on the assumption that cCTG and DV represent those parameters which 
safely allow to delay delivery before fetal compromise  occurs, the TRUFFLE 
protocol has demonstrated that the 2-year neurodevelopmental outcome of sur-
viving early FGR fetuses is significantly better among those delivered based on 
late DV changes [9, 65–67, 69], even though no differences were noted among 
the three randomization arms of the TRUFFLE as regards the primary outcome – 
i.e., survival without neurodevelopmental impairment. DV has been demon-
strated to be the most important Doppler parameter in the prediction of the 
short-term risk of intrauterine death (IUD) in early FGR [44]. Absent or reversed 
DV A-wave has been associated with increased risk of IUD (40–70%), and late-
stage acidemia independently forms gestational age at delivery and shortly pre-
cedes spontaneous decelerations at CTG monitoring. DV PI above the 95th 
centile has also been related to a high risk of adverse outcome, although at lesser 
extent than that of reversed or absent DV A-wave [65]. Similarly, STV becomes 
abnormal in the case of advanced fetal deterioration [76], providing information 
similar to those of late DV changes for the short-term prediction of IUD. Although 
the optimal cutoff value of the STV for delivery has yet to be clarified, it is 
important to point out that, between 26 and 32 weeks, expectant management is 
accepted as long as either the DV or the STV is abnormal but not if both are 
abnormal [9, 65]. The lower cCTG-STV cutoff was chosen assuming the STV 
lowest cutoff clinically appropriate given the high chance of hypoxemia/acide-
mia below that. The presence of spontaneous, repetitive fetal heart rate decelera-
tions or maternal indications should trigger delivery independently of DV and 
cCTG-STV evaluation.

The concept that perinatal outcomes in FGR fetuses are not negatively affected 
by expectant management is not novel, as it was also reported in a former random-
ized trial on FGR [145]. Nevertheless, the inclusion criteria in the GRIT study were 
not as strict as those of the TRUFFLE study, and the decision on how to monitor and 
when to deliver FGR fetuses was not standardized.

Safety nets for delivery within the late DV group of the TRUFFLE cohort 
included, other than absent or reversed “A-” wave of the DV, also STV <2.6 msec 
below 29 weeks and <3.0 msec between 29 and 32 weeks, spontaneous decelera-
tions at CTG, UA REDF between 30 and 32 weeks, UA AEDF between 32 and 
34 weeks, or UA PI >95th centile beyond 34 weeks. Umbilical artery Doppler per 
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se is therefore not informative as to when delivery should be undertaken, unless the 
gestation is above 30 weeks [9, 65–67].

Within the TRUFFLE protocol, and particularly in the late DV group, safety nets 
accounted for a significant amount of indications for delivery, both in the primary 
[9, 65] and in a recently published secondary analysis of the datasets [69]. A sub-
analysis of babies delivered <32 weeks’ gestation, in other words those whose man-
agement was strictly defined by the protocol, showed that more than one third 
delivered based on safety net criteria and another one third for other fetal or mater-
nal reasons. Hence, in clinical practice, a significant proportion of fetuses will be 
delivered because of cCTG-STV abnormalities, even before DV changes occur. 
However, overall data from the TRUFFLE trial and its subanalyses have shown a 
better outcome by the integrated use of both DV and cCTG-STV [9, 65–67].

Beyond 32 weeks of gestation, the timing of delivery should no longer rely on 
DV and STV but should be based on UA Doppler. More specifically, delivery should 
be undertaken if AEDF between 32 and 34 weeks and if UA PI >95th centile when 
the gestation is above 34 weeks.

According to the TRUFFLE protocol, there is no role for the MCA Doppler or 
CPR in the management of early FGR fetuses. A secondary analysis of the datasets 
from the TRUFFLE cohort could not demonstrate any impact of the MCA PI mea-
sured close to delivery and its change over time on neonatal and 2-year neurodevel-
opmental outcome, thus concluding that gestational age at delivery remains the 
most important factor in determining neonatal survival without adverse outcome 
and, together with birthweight, infant outcome [56].

As regards the timing for fetal monitoring, a secondary analysis of the TRUFFLE 
cohort has shown that it is not possible to predict the occurrence of abnormal STV 
or A-wave indicating delivery, concluding that STV should be monitored at least on 
a daily basis [146]. On the other hand, fetal Doppler can be measured twice a week 
or on alternate days in the case of advanced fetal compromise.

Within the TRUFFLE protocol, there is no role for the biophysical profile and 
conventional CTG in the monitoring of early FGR fetuses. Similarly, the evaluation 
of uterine artery Doppler is not recommended given the lack of data supporting its 
usefulness in the management of early FGR [42, 147]. Furthermore, there is no data 
as regards the decision for inpatient versus outpatient management of FGR fetuses. 
Most cases of isolated FGR are monitored in an outpatient setting even though the 
decision for inpatient monitoring can be taken on a subjective basis. Of note, 
60–70% of cases of early FGR are associated with hypertensive complications of 
the pregnancy [9]. In such cases, particularly in the case of PE, admission seems 
advisable despite the lack of clinical evidence.

�Doppler Ultrasound and Management of Late Fetal Growth 
Restriction

Given its relatively high frequency, late FGR is estimated to be responsible for over 
50% of cases of IUD and misdiagnosed in most of them. Differently from early 
FGR, for which an evidence-based protocol for diagnosis, monitoring, and timing 
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of delivery exists, there is no prospective nor randomized trial which has led to an 
evidence-based approach for the management of late FGR.

The Prospective Observational Trial to Optimize Pediatric Health in Intrauterine 
Growth Restriction (PORTO) study demonstrated that EFW <3rd centile for gesta-
tion is associated with adverse perinatal outcomes regardless of UA, MCA, and 
other Doppler parameters, thus showing that EFW <3rd centile represents an indica-
tor of severity of the restriction of the fetal growth [139].

The CPR was first described for the monitoring of FGR fetuses [61] and is cur-
rently considered an early sign of placental chronic hypoxia, hence among the dis-
criminators between constitutionally small fetuses and growth-restricted ones [16, 
57–59]. However, its actual clinical significance is yet to be determined as it has not 
been clarified whether abnormally reduced CPR represents an adaptive mechanism 
or an indicator of ongoing functional compromise [148, 149]. Available data sug-
gest that late FGR fetuses with low CPR are at increased risk of IUD and of obstet-
rics intervention due to intrapartum distress and neonatal morbidity regardless of 
birthweight [42, 150]  and also of  adverse neurodevelopmental outcomes [54]. 
Therefore, even though the CPR is currently widely used for the monitoring of FGR 
fetuses beyond 32 weeks, it is uncertain whether delivery based on reduced CPR is 
beneficial [148].

As regards maternal Doppler, abnormalities of the UtA PI in the third trimester 
have been associated with SGA and with an increased risk of adverse perinatal out-
comes including stillbirth, obstetric intervention due to fetal distress, and neonatal 
acidemia [58]. Computerized CTG also represents a primary tool for the monitoring 
of late FGR fetuses; however, it has not been clarified which STV cutoff should be 
considered indicative of fetal acidemia and lead to the decision to expedite delivery 
before term.

In conclusion, albeit in the absence of grade A evidence and guidelines, available 
data suggest that an EFW <3rd centile and abnormalities of the CPR and of the UtA 
PI are to be considered risk factors for severity of adverse perinatal outcomes and 
perinatal death in late FGR [58]. Therefore, in the presence of such abnormal find-
ings, we suggest close Doppler and cCTG monitoring – i.e., twice weekly between 
32 and 37 weeks – and delivery at 37 weeks.

A randomized study is needed in order to overcome such uncertainty as regards 
the optimal monitoring strategy and timing of delivery of late FGR. In these fetuses, 
the risk of IUD or perinatal death is low. On the other hand, late preterm and early-
term delivery are risk factors for mild but relevant neonatal complications which 
may impact on short-term and potentially also on long-term outcome and neurode-
velopment [151, 152]. Therefore, we believe that the implementation of a protocol 
for the antenatal management of late FGR to be tested within a randomized trial will 
need a joint risk-benefit assessment by obstetricians and neonatologists. The ongo-
ing trial by the TRUFFLE group and the planned TRUFFLE 2 randomized con-
trolled study are likely to provide further insights into the actual role of the cerebral 
Doppler – on its own or paired with UA within the CPR – in the management of 
late-onset FGR and particularly to clarify whether anticipating delivery based on 
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abnormal CPR is beneficial for the short- and long-term health of the late FGR fetus 
(http://www.truffle-study.org/research/).

�Conclusion

•	 UA Doppler is related to fetal acidemia and provides both diagnostic and prog-
nostic information for the management of FGR. The use of UA Doppler in a 
high-risk population reduces perinatal morbidity and mortality and is considered 
the primary surveillance tool in small fetuses. UA AEDF or REDF is mostly 
found in early FGR and has been reported to be present on average 1 week before 
acute fetal deterioration.

•	 Cerebral Doppler is not useful for the diagnosis and the management in early 
FGR. A potential role of MCA Doppler for the differential diagnosis between 
SGA and late FGR has been demonstrated; nevertheless MCA Doppler testing of 
suspected late FGR fetuses has not been evaluated in randomized trials, and to 
date no specific intervention has been shown to improve outcomes based on 
abnormal findings.

•	 The CPR has shown a good correlation with adverse outcome in FGR but also in 
apparently normally grown fetuses close to term and has been suggested for the 
differential diagnosis between SGA and FGR fetuses with normal UA Doppler.

•	 DV flow waveforms become abnormal only in advanced stages of fetal compro-
mise, and the DV PI is inversely related to cord pH at birth. Evidence from the 
TRUFFLE has shown the crucial role of DV Doppler for the management of 
preterm growth-restricted fetuses before 32 weeks of gestation. There is no avail-
able data on DV Doppler in late FGR fetuses.

•	 The “heart-sparing effect” is the result of intrinsic mechanisms responsible for 
the autoregulation of the coronary flow which are activated in cases of chronic 
hypoxia – such as FGR – and leads to an increased blood supply to the fetal 
heart. No role of the “heart-sparing effect” for the diagnosis or the management 
of early or late FGR has been demonstrated to date.

•	 Doppler of the aortic isthmus, myocardial performance index, and E/A ratio rep-
resent Doppler cardiac parameters which have been studied in the context of 
FGR. There is no evidence-based role for any of them for the management or the 
diagnosis of early or late FGR.

•	 Abnormal UtA Doppler best identifies the severe early-onset complications of 
impaired placentation, particularly when performed in the second trimester and 
particularly for early FGR. There is also evidence that a high impedance to flow 
in the uterine arteries during the third trimester is associated with an increased 
risk of adverse perinatal events regardless of fetal size in pregnancies with nor-
mal umbilical artery Doppler, thus supporting the concept that raised UtA PI in 
the third trimester may help in discriminating between SGA and late FGR.

•	 There is no evidence-based role for Doppler assessment of the maternal cardiac 
function for the diagnosis or the management of FGR.
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•	 According to the randomized evidence from the TRUFFLE study, beyond 
32  weeks, the timing of delivery should be decided either based on late DV 
changes or safety net criteria, which include STV <2.6 ms below 29 weeks and 
<3.0 ms between 29 and 32 weeks, spontaneous decelerations at CTG, UA REDF 
between 30 and 32 weeks, UA AEDF between 32 and 34 weeks, or UA PI >95th 
centile beyond 34 weeks. Umbilical artery Doppler per se is not informative as 
to when delivery should be undertaken unless the gestation is above 30 weeks.

•	 Albeit in the absence of grade A evidence and guidelines for late FGR, avail-
able data suggest that an EFW <3rd centile and abnormalities of the CPR and 
of the UtA PI are to be considered independent indicators of severity of adverse 
perinatal outcomes and perinatal death in late FGR. These parameters should 
be taken into account when considering the option of delivery in late FGR.
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