
E-Mail karger@karger.com

 Original Paper 

 Fetal Diagn Ther 
 DOI: 10.1159/000355525 

 Evaluation of an Optimal Gestational Age 
Cut-Off for the Definition of Early- and 
Late-Onset Fetal Growth Restriction 

 Stefan Savchev    a     Francesc Figueras    a, b, d     Magda Sanz-Cortes    a, b     
Monica Cruz-Lemini    a     Stefania Triunfo    e     Francesc Botet    a–d     Eduard Gratacos    a, b, d   

  a    Fetal and Perinatal Research Centre, Institut d’Investigacions Biomèdiques August Pi i Sunyer (IDIBAPS), 
 b    Maternal-Fetal Medicine Department and  c    Neonatal Unit, Hospital Clinic, University of Barcelona, 
 d    University of Barcelona,  Barcelona , Spain;  e    Department of Obstetrics and Gynecology, Catholic University of the 
Sacred Heart,  Rome , Italy
 

0.001 association with PE, and 18.2 and 4.2%, p < 0.001 com-
posite adverse perinatal outcome.  Conclusions:  UA Doppler 
discriminated better the two forms of FGR with average ear-
ly- and late-onset presentation, higher association with PE 
and poorer outcome. In the absence of UA information, a GA 
cut-off of 32 weeks at diagnosis maximizes differences be-
tween early- and late-onset FGR.  © 2013 S. Karger AG, Basel 

 Introduction 

 The term fetal growth restriction (FGR) is used to de-
scribe a fetus not reaching its endorsed growth potential, 
in most cases secondary to placental insufficiency  [1] . 
FGR is associated with stillbirth, perinatal morbidity, ce-
rebral palsy, and fetal programming resulting in delayed 
effects later in life  [2–4] . Our understanding of many as-
pects of this disease is still evolving and its management 
continues to challenge the obstetrician worldwide  [5] . 
Since there is no effective fetal therapy, the importance of 
gestational age (GA) at diagnosis and at delivery as a de-
terminant of many critical perinatal outcomes has be-
come more apparent  [6–10] . In addition, Doppler ultra-

 Key Words 

 Fetal growth restriction · Doppler · Adverse outcome · 
Decision tree 

 Abstract 

  Objective:  The terms early- and late-onset fetal growth re-
striction (FGR) are commonly used to distinguish two phe-
notypes characterized by differences in onset, fetoplacental 
Doppler, association with preeclampsia (PE) and severity. We 
evaluated the optimal gestational age (GA) cut-off maximiz-
ing differences among these two forms.  Patients and Meth-

ods:  A cohort of 656 consecutive singleton pregnancies with 
FGR was created. We used the decision tree analysis to eval-
uate the GA cut-off that best discriminated perinatal mortal-
ity, association with PE and adverse perinatal outcome (fetal 
demise, early neonatal death, neonatal acidosis at birth, and 
5-min Apgar score <7).  Results:  We identified 32 weeks at 
diagnosis as the optimal cut-off, resulting in two groups with 
7.1 and 0%, p < 0.001 perinatal mortality, 35.1 and 12.1%, p < 
0.001 association with PE, and 13.4 and 4.6%, p < 0.001 com-
posite adverse perinatal outcome. Abnormal versus normal 
umbilical artery (UA) Doppler classified two groups with 10.6 
and 0.2%, p < 0.001 perinatal mortality, 50.0 and 11.8%, p < 
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sound evaluation has not only become a mainstay in the 
management of the disease  [5, 7, 8] , but it has decisively 
contributed to advance in the understanding of the clini-
cal variability of the disease.

  Over the last decade, two different patterns of clinical 
presentation, determined primarily by the GA of disease 
onset and the pattern of umbilical artery (UA) Doppler, 
have been more clearly characterized  [11–14] . FGR has a 
different phenotypic expression, evolution, and outcome 
when it starts early in gestation. The typical pattern of de-
terioration progresses from escalating abnormalities in 
UA and venous Doppler parameters to abnormal bio-
physical parameters  [8, 12, 14–18] . The rate of deteriora-
tion of Doppler parameters determines the overall speed 
of deterioration in early-onset FGR, often necessitating 
preterm delivery  [12, 14] . In addition, there is a high as-
sociation with preeclampsia (PE) and perinatal mortality 
 [8–18] . In contrast, late-onset FGR is normally associated 
with less severe placental disease, so that cardiovascular 
adaptation does not extend beyond the cerebral circula-
tion  [13, 19] . The association between late-onset FGR 
with PE is minimal in comparison with early-onset forms 
 [20] .

  The evidence above has led to the wide use of the terms 
early- and late-onset FGR to distinguish two gross forms 
of disease  [8–18, 21–23] . This classification is practical 
because it obviates the need for information about UA 
Doppler, which may not always be readily available in all 
clinical or research settings. However, it is unclear what 
the optimal GA cut-off is that classifies two clinical forms 
where the association with the features described above is 
maximized. Recent studies have arbitrarily used GA cut-
offs ranging from 32 to 37 gestational weeks  [8–18, 21–
23] . Although it is likely that the majority of experts would 
consider such range reasonable, this would be based more 
on a consensus than on firm scientific base. In addition, 
research studies have often used GA at delivery as the cri-
terion to distinguish early- versus late-onset FGR, but for 
obvious reasons this parameter cannot be used prospec-
tively. Finally, while there is a clear relationship between 
GA at diagnosis and the characteristics of UA Doppler, 
their individual performance to classify distinct clinical 
forms of FGR has not been compared in large cohorts. 

 We conducted a study on 656 fetuses diagnosed as 
small-for-gestational age. We used the decision tree anal-
ysis to automatically select the optimal GA cut-off to dif-
ferentiate early- versus late-onset FGR. In addition, we 
compared the ability of a GA cut-off with that of UA Dop-
pler to maximize differences in clinical features and ad-
verse outcomes.

  Patients and Methods 

 Participants 
 Between November 2006 and November 2012, patients with 

suspected FGR at the time of referral were examined and recorded 
prospectively in a dedicated database. All pregnancies were dated 
according to the first-trimester crown-rump length measurement 
 [24] . Inclusion criteria were (1) normal fetal anatomy and (2) esti-
mated fetal weight (EFW) <10th percentile at diagnosis, according 
to local reference values  [25] . Exclusion criteria were (1) EFW >10th 
percentile in the last ultrasound before delivery, (2) congenital 
malformations, including chromosomopathies and infections, 
and (3) maternal consumption of illicit substances. The study was 
approved by the local ethics committee and all women gave their 
informed consent to participate.

  Placental Function Assessment 
 In all cases, fetal biometry and prenatal Doppler ultrasound ex-

aminations were performed by experienced technicians using ei-
ther a Siemens Sonoline Antares (Siemens Medical Systems, Mal-
vern, Pa., USA) or a General Electric Voluson E8 (GE Medical Sys-
tems, Zipf, Austria) ultrasound machine equipped with a 6- to 
2-MHz linear curved-array transducer. The following variables 
were evaluated: (1) fetal biometry-biparietal diameter, head cir-
cumference, abdominal circumference and femur length; (2) PI in 
the UA, middle cerebral artery (MCA) and ductus venosus (DV); 
(3) mean pulsatility index (PI) of the uterine arteries (UtA). The UA 
PI was calculated from at least three consecutive waveforms ob-
tained from a free-floating portion of umbilical cord during the 
absence of fetal movements at an insonation angle of <30°. The 
value was considered abnormal when above the 95th percentile 
 [26] . MCA PI that had been obtained in a transversal view of the 
fetal head was at the level of its origin from the circle of Willis. MCA 
vasodilation was considered to be an MCA PI <5th percentile  [27] . 
DV flow velocity waveforms were acquired from a transverse view 
of the fetal abdomen at its origin from the umbilical vein  [28] . DV 
Doppler was considered abnormal if PI >95th centile for GA  [26] . 
For UtA assessment, the US probe was placed on the lower quad-
rant of the abdomen, angled medially, and again color Doppler im-
aging was used to identify the UtA at the apparent crossover with 
the external iliac artery. Measurements were taken approximately 
1 cm distal to the crossover point. Mean PI of the UtA was consid-
ered abnormal if >95th percentile for GA  [29] . Doppler recordings 
were performed in the absence of fetal movements and voluntary 
maternal suspended breathing. Pulsed Doppler parameters were 
performed automatically from at least three consecutive wave-
forms, with the angle of insonation as close to 0 as possible. A high-
pass wall filter of 70 Hz was used to record low flow velocities and 
to avoid artifacts  [26] . The cerebroplacental ratio (CPR) was calcu-
lated as a ratio of the MCA PI divided by the UA PI  [27] .

  Pregnancy Management 
 Follow-up was performed every 2 weeks in cases of normal 

CPR, weekly in cases of abnormal CPR, twice a week in cases of 
abnormal MCA or absent/reversed end-diastolic velocity in the 
UA and every 24–48 h in the more severe cases. Delivery was indi-
cated by any of the following criteria: (1) normal CPR reaching 40 
weeks; (2) abnormal CPR beyond 37 weeks; (3) absent end-diastol-
ic velocity UA beyond 34 weeks; (4) reversed end-diastolic veloc-
ity in the UA or absent end-diastolic velocity in the DV beyond 28 
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weeks; (5) reversed end-diastolic velocity in the DV or decelerative 
cardiotocography (at least six decreases >30 beats in 60 min) be-
yond 26 weeks. We would not expedite delivery <26 gestational 
weeks unless the EFW was >500 g. Betamethasone was given for 
pulmonary maturation in all cases delivering before 34.6 weeks. 
Cases with mild and severe PE  [30]  were delivered at 37 and 32 
weeks, respectively, unless a maternal complication requiring ear-
lier delivery developed.

  Perinatal Outcome 
 Outcome analysis was limited to the perinatal period. Neonatal 

evaluation included Apgar score assigned by the attending pediat-
ric team, birth weight and birth weight percentile as charted against 
local reference values for GA and gender. Umbilical cord arterial 
pH and blood gasses were obtained from a segment of cord 
clamped immediately at delivery. Primary adverse perinatal out-
come parameters were: intrauterine fetal demise (IUFD), early 
neonatal death, neonatal acidosis at birth (UA pH <7.10 and base 
deficit >12 mEq/ml)  [31]  and 5-min Apgar score <7 at 5 min. As 
secondary outcomes we collected the development of PE, abnor-
mal Doppler in MCA, UtA, DV, presence of oligohydramnion, 
defined as maximal vertical column of amniotic fluid <2 cm, GA 
at diagnosis and delivery, success of the trial of labor and length of 
neonate hospitalization.

  Placental Pathology 
 Histopathologic examination of the placenta was available for 

313 cases (116 for early-onset FGR and 197 for late-onset FGR). In 
the comparative analysis, we included placental weight and patho-
logic changes as proposed by the International Federation of Pla-
centa Associations  [32]  into (1) maternal underperfusion, (2) fetal 
underperfusion, and (3) inflammatory changes.

  Statistical Analysis 
 The perinatal outcomes of interest were compared between the 

two groups, using Student’s t test and the Pearson χ 2  test to com-
pare quantitative and qualitative data, respectively. We used a 

composite adverse perinatal outcome to select a GA cut-off that 
best discriminated early- from late-onset FGR. For the purposes of 
analysis, the composite adverse perinatal outcome was defined as 
any of the following: IUFD, early neonatal death, neonatal acidosis 
at birth, and 5-min Apgar score <7 at 5 min.

  We then constructed a model using the decision tree analysis 
algorithm (SPSS 17.0; SPSS, Inc., Chicago, Ill., USA) to maximize 
differences in the rate of primary adverse outcomes. The decision 
tree was developed using the Classification and Regression Trees 
CHAID method (CHi-squared Automatic Interaction Detec-
tion), which generates decision trees with the p inset at 0.05 and 
a cut-off selected automatically for the parameters included  [33] . 
The classification and regression tree was constructed by splitting 
subsets of the dataset using the occurrence of outcomes of interest 
to create two child nodes, and the best cut-off point was auto-
matically chosen using a variety of impurity and diversity mea-
sures. The decision tree analysis was validated by internal cross-
validation.

  Results 

 A total of 656 pregnancies complicated by FGR ful-
filled the inclusion criteria and were included in the anal-
ysis. The population was predominantly Caucasian (n = 
493; 75.2%) with a median maternal age of 35 (range 18–
49) years, and the majority of women being nulliparous 
(n = 418; 63.7%). The study group included 132 (20.1%) 
and 524 (79.9%) cases with abnormal and normal UA 
Doppler, respectively. The relationship between UA 
Doppler and GA at diagnosis was plotted ( fig. 1 ), con-
firming that cases with abnormal UA Doppler were diag-
nosed on average earlier in gestation.

0

20

40

60

80

100

120

N
um

be
r o

f c
as

es

20 21 22 23 24 25 26 27 28 29 30 31
Weeks of gestation

32 33 34 35 36 37 38 39 40 41

  Fig. 1.  Distribution by GA at diagnosis of 
cases of FGR with abnormal (dark bars) 
and normal (light bars) UA Doppler. Ab-
sent/reversed end-diastolic velocity and 
UA are marked in black as part of the dark 
bars. 
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  The composite adverse perinatal outcome as defined 
in this study occurred in 46 cases (7%), among which 9 
(1.9%) were IUFD, which occurred before 28 completed 
weeks in all fetuses. There were 6 neonatal deaths, among 
which 5 were delivered before 28 completed weeks. Over-
all perinatal mortality was 2.2% (15/656).

  The CHAID decision tree identified 32 weeks at diag-
nosis as the optimal classifier to profile two groups with 
the maximal differences in the rate of composite adverse 
perinatal outcome ( fig. 2 ). The differences in clinical and 
placental features of the two resulting groups (early- and 
late-onset) are displayed in  table 1 . The GA cut-off clas-
sified two groups with remarkable differences in the rate 
of abnormal Doppler findings, association with PE and 
adverse perinatal outcomes. Clinical and placental fea-
tures of FGR cases classified according to a normal or ab-
normal UA Doppler are displayed in  table 2 .

  A comparison of the two classifications (GA and UA 
Doppler) in terms of the resulting differences in the as-
sociation with PE, prevalence of other Doppler abnormal 
findings and rate of adverse outcomes is displayed in 
  figure 3 . The differences between the groups achieved by 
the UA Doppler classification were more pronounced.

  Discussion 

 In this large cohort of FGR a GA cut-off of 32 weeks at 
diagnosis performed best in discriminating the distinct 
clinical forms of early- and late-onset FGR, although with 
substantial overlapping in the features that are normally 
attributed to either clinical form.

  Over the last decade a growing number of studies have 
provided evidence about the main determinants of sever-

ity in FGR  [8–18, 21–23] . Thus, how FGR progresses is 
determined by when it starts and how it starts, i.e. GA at 
diagnosis and degree of UA Doppler abnormality at on-
set. Early-onset FGR is strongly associated with poor pla-
cental implantation from early pregnancy  [34] , which is 
thought to explain the common association with PE  [35] . 

  Fig. 2.  The CHAID decision tree with adverse perinatal outcome 
as a dependent variable and GA at diagnosis as a predictor. Adj. p 
value = 0.005, χ 2  = 11.9336, d.f. = 1 

Table 1.  Clinical and perinatal data of FGR according to early- 
and late-onset using 32 weeks’ GA at diagnosis as cut-off

GA <32
weeks
(n = 211)

GA ≥32
weeks
(n = 445)

p

Baseline data
Maternal age 35.0±5.9 33.9±6.1 0.030
Nullipara 128 (60.7) 290 (65.2) 0.297
Diabetes 5 (2.4) 8 (1.8) 0.539
Alcohol 3 (1.4) 5 (1.1) 0.698
Smokers 43 (20.4) 83 (18.7) 0.597
BMI 22.8±4.5 22.3±3.9 0.262

Perinatal data
Preeclampsia 74 (35.1) 54 (12.1) <0.001
Second-trimester mean

UtA PI > p951 75 (65.8) 89 (20.6) <0.001
Mean UtA PI > p952 110 (54.2) 117 (26.3) <0.001
UA PI > p95 102 (48.3) 30 (6.7) <0.001
MCA PI < p5 81 (38.4) 45 (10.1) <0.001
CPR < p5 122 (57.8) 116 (26.2) <0.001
DVPI > p953 62 (29.4) 19 (5.8) <0.001
Oligohydramnios 17 (8.1) 7 (1.6) <0.001
GA at diagnosis 28.1 [4.0] 34.0 [3.0] <0.001
EFW at diagnosis 1,061±494 2,030±362 <0.001
EFW percentile at diagnosis 2.05±2.77 3.40±2.76 <0.001
GA at birth 34.6 [8.0] 38.7 [2.0] <0.001
Birth weight 1,647±765 2,437±379 <0.001
BW percentile 2.17±4.7 4.53±7.5 <0.001
HC/AC ratio 1.11±0.10 1.05±0.06 <0.001
Trial of labor 113 (53.6) 381 (85.6) <0.001
CS for NRFS if trial of labor 36 (39.1) 124 (30.8) 0.139
pH <7.10 12 (5.7) 18 (4.0) 0.312
5′ Apgar <7 10 (4.7) 3 (0.7) 0.001
Intrauterine fetal demise 9 (5.2) 0 (0) <0.001
Neonatal death 6 (2.8) 0 (0) 0.001
NICU stay, mean

minimum/maximum
11.1

0/109
1.16

0/40
<0.001

Primary adverse outcome 24 (13.4) 22 (4.6) <0.001
Abnormal placental findings4 100 (86.2) 131 (66.2) <0.001

Maternal underperfusion 68 (58.6) 81 (40.9) 0.003
Fetal underperfusion 12 (10.3) 16 (8.1) 0.541
Inflammatory 2 (1.7) 14 (7.1) 0.059

 Values are mean ± SD, median [IQR] or n (%).
Available in: 1 275 (58 early- and 217 late-onset), 2 648 (203 early- 

and 445 late-onset), 3 536 (211 early- and 325 late-onset), and 4 313 
cases (116 early- and 197 late-onset).
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No n = 610; 93.0%
Yes n = 46; 7.0%

Primary adverse outcome

No n = 187; 86.6%
Yes n = 24; 13.4%

GA at diagnosis <32.0 weeks
No n = 423; 95.4%
Yes n = 22; 4.6%

GA at diagnosis 32.0 weeks
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On the contrary, late-onset FGR has a much weaker as-
sociation with late-onset PE  [35] , and placental findings 
are generally less specific  [36] . Early-onset FGR is very 
often associated with abnormal UA Doppler, which de-
termines a relatively constant natural history with end-
stage cardiovascular deterioration, reflected in Doppler 

of venous vessels  [12, 14–18, 37] . In contrast, UA Doppler 
is often normal in late-onset FGR, possibly because pla-
cental damage is not severe enough  [38]  and there are no 
overt Doppler changes in the precordial veins  [13, 39] . 
Despite a milder nature of the disease, a significant pro-
portion of small fetuses near term still present with poor-
er perinatal outcome  [19, 40] . This is possibly explained 
by a lower detection rate, in combination with lack of nat-
ural history and reduced tolerance to hypoxic conditions 
in mature fetuses near the term of gestation  [41] .

  The data reported in this study confirm previous evi-
dence that on average GA characterizes well two groups 
with differences in terms of clinical features and adverse 
event rates. GA at diagnosis or delivery has commonly 
been used to differentiate early- from late-onset FGR in 
research studies, since fetoplacental Doppler is not always 
available in large cohorts, with cut-offs ranging from 32 
to 37 weeks  [8–18, 21–23, 34–38] . In this study we evalu-
ated this issue in a systematic fashion and provide evi-
dence-based grounds to sustain the use of a cut-off of 32 
weeks’ gestation at diagnosis. However, while this cut-off 
maximizes the differences between early- and late-onset 
FGR, it still resulted in a suboptimal differentiation of im-
portant clinical features including the relation with UA 
Doppler, association with PE and adverse perinatal out-
come. The findings support that the definitions of ‘early 
onset’ and ‘late onset’ may be valid to identify groups with 
roughly similar characteristics, but are too simplistic to 
improve the understanding and etiologic classification of 
FGR. Although a discussion on this subject is beyond the 
scope of this study, not surprisingly, the data confirmed 
the notion, known for more than 20 years, that UA Dop-
pler is a strong prognostic factor in FGR  [8, 11–17] . UA 
Doppler classified better than GA two forms of FGR with 
different clinical features and severity. However, the data 
also illustrated how UA Doppler fails to identify all in-
stances of poor outcome among FGR fetuses  [19, 40, 42] . 
Thus, future research to improve the classification of FGR 
including other Doppler or biochemical markers is war-
ranted.

  The strengths of this study are that it contains the larg-
est sample size reported from a single institution, and that 
all cases were recruited prospectively during pregnancy. 
Among the limitations, we acknowledge that any cut-off 
based on GA is by definition influenced by the setting 
where the study was performed. Therefore, the GA values 
provided here will be reproducible only in settings where 
pregnancy care protocols contemplate a third-trimester 
ultrasound at around 30–34 weeks. Finally, there is an in-
surmountable limitation in the fact that the diagnosis of 

Table 2.  Clinical and perinatal data of FGR cases classified by 
abnormal versus normal UA Doppler

Abnormal
UA Doppler
(n = 132)

Normal
UA Doppler
(n = 524)

p

Baseline data
Maternal age 35.5 (5.6) 33.9 (6.1) 0.007
Nullipara 87 (65.9) 331 (63.2) 0.613
Diabetes 3 (2.3) 10 (1.9) 0.709
Alcohol 2 (1.5) 6 (1.1) 0.632
Smokers 22 (16.7) 104 (19.8) 0.459
BMI 23.5±4.4 22.3±4.0 0.150

Perinatal data
Preeclampsia 66 (50.0) 62 (11.8) <0.001
Second-trimester mean

UtA PI > p951 75 (65.8) 89 (20.6) <0.001
Mean UtA PI > p952 96 (77.4) 131 (25.0) <0.001
MCA PI < p5 81 (61.4) 45 (8.6) <0.001
CPR < p5 128 (97.0) 110 (21.1) <0.001
DVPI > p953 60 (48.7) 20 (4.9) <0.001
Oligohydramnios 16 (11.2) 8 (1.5) <0.001
GA at diagnosis 29.0 [5.21] 33.57 [3.14] <0.001
EFW at diagnosis 1,079±509 1,879±521 <0.001
EFW percentile at diagnosis 1.27±2.47 3.40±2.76 <0.001
GA at birth 32.14 [5.15] 38.71 [1.96] <0.001
Birth weight 1,228±579 2,421±399 <0.001
BW percentile 1.12±3.7 4.44±7.2 <0.001
HC/AC ratio 1.15±0.10 1.05±0.06 <0.001
Trial of labor 54 (40.9) 440 (84.0) <0.001
CS for NRFS if trial of labor 36 (66.7) 124 (28.2) <0.001
pH <7.10 9 (6.8) 21 (4.0) 0.146
5′ Apgar <7 11 (8.3) 2 (0.4) <0.001
Intrauterine fetal demise 9 (6.8) 0 (0) <0.001
Neonatal death 5 (3.8) 1 (0.2) 0.002
NICU stay, mean

minimum/maximum
18.6

0/109
0.8

0/60
<0.001

Primary adverse outcome 24 (18.2) 22 (4.2) <0.001
Abnormal placental findings4 100 (93.5) 131 (63.6) <0.001

Maternal underperfusion 72 (67.3) 77 (37.2) <0.001
Fetal underperfusion 10 (9.3) 18 (8.7) 0.837
Inflammatory 1 (0.9) 15 (7.2) 0.014

 Values are mean ± SD, median [IQR] or n (%).
Available in: 1 547 (114 abnormal and 433 normal UA), 2 648 (124 

abnormal and 524 normal UA), 3 536 (123 abnormal and 411 normal 
UA), and 4 313 cases (107 abnormal and 206 normal UA).

D
ow

nl
oa

de
d 

by
: 

F
U

C
S

 -
 F

un
da

ci
on

 U
ni

ve
rs

ita
ria

   
   

   
   

   
   

   
   

 
20

0.
75

.4
3.

75
 -

 5
/2

7/
20

14
 4

:3
1:

11
 A

M



 Savchev/Figueras/Sanz-Cortes/
Cruz-Lemini/Triunfo/Botet/Gratacos 

Fetal Diagn Ther
DOI: 10.1159/000355525

6

FGR is, today, merely based on the fetal EFW or birth 
weight. As so, this definition fails to pick up instances of 
true growth restriction where absolute EFW falls above 
the 10th centile. Another limitation is that the cases diag-
nosed earlier tend to be more severe, with probably mild-
er cases diagnosed later, as a late-onset FGR, effectively 
creating populations with different risk profile. On the 
other end, there will always be a proportion of ‘constitu-
tionally small’ fetuses, among those diagnosed as FGR, al-
though current evidence suggests though that this num-
ber is small. Indeed, poorer perinatal outcomes  [19, 40, 42, 
43] , long-term neurologic  [44–46]  and cardiovascular  [47, 
48]  development, and placental abnormalities are present 
in a large fraction of fetuses with EFW <10th percentile.

  In summary, this study conducted in a large sample of 
fetuses with FGR concluded that a GA cut-off of 32 weeks 

at diagnosis provides a reasonable classification method 
for defining early- and late-onset FGR, which can be val-
id for research purposes or where Doppler information is 
not available.
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  Fig. 3.  Differences in relevant clinical fea-
tures among early- (dark bars) and late- 
onset FGR (light bars) when classified by 
( a ) abnormal/normal UA Doppler or by 
( b ) GA at diagnosis <32 or  ≥ 32 weeks’ ges-
tation.   
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