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Fetal	growth	restricEon:	
PracEcal	management	and	treatment	

Fetal	growth	restricEon……why	do	we	care?	

Fetal Growth Restriction…… 

Increased risk of antenatal and 
intrapartum stillbirth 

Vashevnik et al, 2007 
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Antenatal  detection reduces 
perinatal mortality 

Gardosi, BMJ 2013 

Who cares? 

Where: risk factors, reduced/static SFH, US = mainstay of diagnosis, evaluation and surveillance 

Increased	risk	of	antenatal	and	intrapartum	sEllbirth	

Vashevnik,	2009	

Defining	FGR:	Early	vs	Late		

 Early FGR Late FGR 
Gestation at diagnosis < 32 weeks > 32 weeks 
Prevalence <1% 5-10% 
Associated with 
preeclampsia 

60% 15% 

Presence of fetal 
hypoxia 

Chronic and acute Acute  

Mortality and morbidity High  Low 
Detection and diagnosis Possible with early 

screening  
Challenging – poor 
detection rates 

Placental pathology Evidence of severe 
maternal vascular 
malperfusion 

Commonly < 5th centile 
with both maternal and 
fetal underperfusion 

UA Doppler PI > 95th  70%  <10%  
Systemic vasculature 
adaptions  

Abnormal DV, AI, MCA 
Doppler waveforms  

Abnormal MCA 
Dopplers and CPR 

Timing of delivery Challenging due to risks 
of prematurity 

37-38 weeks gestation 

Mode of delivery Caesarean section Optimal mode unknown 
Long term health risks High  Lower – difficult to 

differentiate SGA from 
FGR outcomes 

 

Defining	FGR:	?	The	10th	cenEle	

MoraiEs,	O&G	2014	 Vasak,	UOG	2015	
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Defining	FGR:	?	The	10th	cenEle	

Ganzevoort,	AJOG	2018	

Small	but	not	growth	restricted	

Small	and	growth	restricted	

Growth	restricted	but	not	small	

Defining	FGR:	Growth	velocity	

Sovio	et	al,	Lancet	2015	
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infants born to this group of women was lower, and they 
had a greater proportion of SGA infants, preterm births, 
induced labours, and caesarean deliveries than women 
who did not have clinically indicated scans.

352 (9%) infants had a birthweight of less than the 
10th percentile. The last clinically indicated scan before 
birth recorded an EFW of less than the 10th percentile 

in 138 (8%) of 1666 women, with 69 of these women 
going on to have babies with birthweight less than the 
10th percentile, yielding a sensitivity of 20% (69 of 352) 
infants. The last research ultrasound scan before birth 
recorded an EFW of less than the 10th percentile in 
562 women; 199 of these women had babies with a 
birthweight less than the 10th percentile, yielding a 
sensitivity of 57% (199 of 352). Tables 2 and 3 compare 
universal and selective ultrasonography as a two-by-two 
table and as showing screening summary statistics, 
respectively. All analyses were repeated with the outcome 
of severe SGA. Areas under the receiver operating 
characteristic curve for universal ultrasonography were 
0·87 (95% CI 0·85–0·88) for SGA and 0·91 (0·89–0·94) 
for severe SGA (appendix). Diagnostic eff ectiveness of 
the 28 and 36 week research scans are presented 
separately, and also described for each in relation to the 
interval between the scan and the delivery date 
(appendix). Sensitivity analyses generated very similar 
results to the main analysis (appendix).

The relative risk of any neonatal morbidity associated 
with EFW of less than the 10th percentile was 
1·6 (95% CI 1·2–2·1, p=0·001; table 4). Defi nition of EFW 
with customised percentiles did not result in a stronger 
association. The association between an EFW lower than 
the 10th percentile and the risk of neonatal morbidity was 
then assessed in relation to fi ve previously reported 
indices of fetal growth restriction (fi gure 2). Only the 
measurement of abdominal circumference growth 
velocity was associated with strong evidence for an 
interaction (p=0·005). Screen positive fetuses with normal 
growth velocity were not at increased risk of neonatal 
morbidity, whereas an EFW of less than the 10th percentile 
was associated with an increase of 3·9 times (95% CI 
1·9–8·1) of neonatal morbidity in infants in the lowest 
decile of abdominal circumference growth velocity. 
172 (4·3%) fetuses had the combination of an ultrasonic 
diagnosis of SGA plus the lowest decile of abdominal 
circumference growth velocity from universal ultra-
sonography. This combination was associated with a 
relative risk of any morbidity of 2·5 (95% CI 1·7–3·6) and 
relative risk of delivering an SGA infant with neonatal 
morbidity of 17·6 (9·2–34·0; table 4). Similar associations 
were reported when the analysis was repeated for severe 
adverse perinatal outcome, with a relative risk of 
2·9 (95% CI 1·0–8·3, p=0·058) for any severe adverse 
outcome and 39·8 (95% CI 3·6–436·6, p=0·007) for 
severe adverse outcome in an SGA infant. We repeated all 
analyses of abdominal circumference growth velocity 
using abdominal circumference growth charts generated 
by the Fetal Growth Longitudinal Study component of 
the INTERGROWTH-21st Project,25 an international 
consortium that established fetal growth standards using 
methods recommended by WHO. All associations 
were very similar when the standards from the 
INTERGROWTH-21st Project were used (appendix). The 
combination of ultrasonic diagnosis of SGA infants plus 

SGA Severe SGA

Yes No Total Yes No Total

Selective ultrasonography

EFW <10th 69 69 138 28 110 138

EFW ≥10th or no scan 283 3556 3839 59 3780 3839

Total 352 3625 3977 87 3890 3977

Universal ultrasonography

EFW <10th 199 363 562 67 495 562

EFW ≥10th 153 3262 3415 20 3395 3415

Total 352 3625 3977 87 3890 3977

Selective ultrasonography shows the results of clinically indicated scans. Of the 
1666 women selected for ultrasonography at 26 weeks or later, 1388 (83%) had 
one or two scans, 245 (15%) had three or four scans, and 33 (2%) had fi ve or more 
scans. If a woman did not have a clinically indicated scan after the routine 
anomaly scan she was defi ned as screen negative by selective ultrasonography. 
Universal ultrasonography shows the results of the last research scan done before 
birth (either the 28 week scan or the 36 week scan, depending on the gestational 
age at delivery). Median time interval (IQR) between the last selective scan and 
birth was 3·1 weeks (1·6–5·6 weeks), and between the last universal scan and 
birth was 4·1 weeks (3·1–5·0 weeks). SGA=small for gestational age 
(birthweight <10th percentile; severe SGA birthweight <3rd percentile). 
EFW=estimated fetal weight (from the last scan before birth).

Table 2: Screening eff ectiveness for selective and universal 
ultrasonographic screening for infants who are small and severely small 
for gestational age 

SGA Severe SGA

Selective Universal Selective Universal

Sensitivity (%) 20% (15–24) 57% (51–62) 32% (22–42) 77% (68–86)

Specifi city (%) 98% (98–99) 90% (89–91) 97% (97–98) 87% (86–88)

Positive predictive value 
(%)

50% (42–58) 35% (31–39) 20% (14–27) 12% (9–15)

Negative predictive value 
(%)

93% (92–93) 96% (95–96) 98% (98–99) 99% (99–100)

False positive rate* (%) 2% (1–2) 10% (9–11) 3% (2–3) 13% (12–14)

False negative rate† (%) 80% (76–85) 43% (38–49) 68% (58–78) 23% (14–32)

Positive likelihood ratio 10·3 (7·5–14·1) 5·6 (4·9–6·5)‡ 11·4 (8·0–16·3) 6·1 (5·3–7·0)

Negative likelihood ratio 0·8 (0·8–0·9) 0·5 (0·4–0·5)‡ 0·7 (0·6–0·8) 0·3 (0·2–0·4)

Relative sensitivity 1·0 (reference) 2·9 (2·4–3·5) 1·0 (reference) 2·4 (1·8–3·2)

95% CIs are given in brackets. All values were calculated with estimated fetal weight <10th percentile as screen 
positive. Statistical comparison by McNemar, weighted generalised score tests, or regression model-based tests as 
appropriate. All comparisons of selective vs universal had p<0·0001 for both outcomes, except for SGA positive 
likelihood ratio (p=0·0001), severe SGA positive predictive value (p=0·0002), and positive likelihood ratio (p=0·0003). 
SGA=small for gestational age (birthweight <10th percentile; severe SGA birthweight <3rd percentile). *Defi ned as 
proportion of screen positives among non-SGA infants. †Defi ned as proportion of screen negatives among SGA 
infants. ‡Sample calculation: positive likelihood ratio=(199 ÷ 363)/(352 ÷ 3625)=5·6; negative likelihood 
ratio=(153 ÷ 3262)/(352 ÷ 3625)=0·5. 

Table 3: Diagnostic eff ectiveness of selective versus universal ultrasonographic screening for infants who 
are small and severely small for gestational age 
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lowest decile of abdominal circumference growth velocity 
(defi ned by the INTERGROWTH-21st Project standards) 
was associated with a relative risk of 2·5 (95% CI 1·7–3·5, 
p<0·0001) for any morbidity, 17·6 (9·4–33·0, p<0·0001) 
for delivering an SGA infant with neonatal morbidity, 
2·5 (0·9–7·0, p=0·09) for severe adverse perinatal 
outcome, and 33·4 (3·0–366·6, p=0·009) for delivering an 
SGA infant with severe adverse perinatal outcome). 
Finally, no indicator of FGR was associated with adverse 
outcome if the EFW was above the 10th percentile 
(appendix).

Discussion
Fetal growth restriction is associated with many adverse 
outcomes including stillbirth,26 neonatal death,27 hypoxic 
ischaemic encephalopathy,28 cerebral palsy,29 special 
educational needs,30 and many diseases in adult life.31 The 
present standard of care in the USA,2 UK,3 and many other 
countries is that women are selected for third trimester 
ultrasonographic fetal biometry on the basis of specifi c 
indications. From our study of a population of nulliparous 
women of mixed risk with a singleton pregnancy, we 
showed that selective use of ultrasonography identifi ed 
one in fi ve infants with a birthweight of less than the 
10th percentile, which is similar to reports from other 
centres.4–6 Additionally, a policy of screening with universal 
ultrasonographic estimation of fetal weight at 28 and 
36 weeks’ gestational age roughly tripled the sensitivity of 
detection of SGA infants. However, the specifi city was 
higher for selective ultrasonography (98%) than universal 
ultrasonography (90%). After the absolute numbers of true 
and false positives were calculated, our fi ndings showed 
that for every additional SGA infant correctly identifi ed by 
universal ultrasonography, about two additional results 
were false positives.

On the basis of these results, implementation of 
universal ultrasonographic screening would likely 
increase the detection of SGA infants. However, it would 
also substantially increase the number of false positive 
results. The net eff ect on clinical outcomes would depend 
on the balance between any benefi ts that arise from 
identifi cation of true positives versus any harm caused by 
false positives. However, even correct identifi cation of 
SGA infants has the potential to cause unnecessary 
intervention. The population of SGA infants is well 
recognised to consist of both those that are healthy but 
small in size and those with restricted growth. We 

Any neonatal 
morbidity (n=275)

Metabolic 
acidosis (n=42)

5 min Apgar <7 
(n=36)

Neonatal unit 
admission 
(n=229)

SGA plus any neonatal 
morbidity (n=49)

Severe adverse 
perinatal outcome 
(n=33)

SGA plus severe 
adverse perinatal 
outcome (n=5)

RR 
(95% CI)

p value RR 
(95% CI)

p value RR 
(95% CI)

p value RR 
(95% CI)

p value RR 
(95% CI)

p value RR 
(95% CI)

p value RR
(95% CI)

p value

EFW <10th (population) 1·6
(1·2–2·1)

0·001 1·4
(0·7–3·1)

0·37 2·3
(1.1–4·8)

0·03 1·6
(1·2–2·1)

0·006 10·5
(5·9–18·6)

<0·0001 1·4
(0·6–3·3)

0·45 24·3
(2·7–217·1)

0·002

EFW <10th 
(customised*)

1·7
(1·3–2·3)

0·001 1·5
(0·6–3·4)

0·44 1·7
(0·7–4.2)

0·26 1·6
(1·2–2·3)

0·01 9·8
(5·7–17·1)

<0·0001 1·9
(0·8–4·7)

0·14 34·8
(3·9–310·4)

0·0005

EFW <10th plus normal 
ACGV

1·3
(0·9–1·8)

0·23 0·3
(0·0–1·9)

0·25 1·4
(0.5–3·9)

0·54 1·4
(0·9–2·0)

0·13 7·3
(3·7–14·4)

<0·0001 0·7
(0·2–2·7)

0·76 17·6
(1·6–193·5)

0·03

EFW <10th plus lowest 
decile ACGV

2·5
(1·7–3·6)

<0·0001 4·1
(1·8–9·1)

0·003 4·6
(1·9–11·0)

0·004 2·1
(1·3–3·2)

0·003 17·6
(9·2–34·0)

<0·0001 2·9
(1·0–8·3)

0·06 39·8
(3·6–436·6)

0·007

All estimated fetal weights (EFWs) are based on population-based percentiles, unless stated otherwise. All relative risks (RRs) are referent to infants with an EFW of ≥10th percentile by population-based 
standards, except for the RRs for customised EFW <10th percentile, which are referent to infants with an EFW of the ≥10th percentile by customised standards. Appendix has n/N for every cell. Small for 
gestational age (SGA) is defined as birthweight of <10th percentile by population standards. Abdominal circumference growth velocity (ACGV) is based on the change in the gestational age adjusted Z score, 
comparing the result at the 20 week scan with the last scan before birth. Neonatal morbidity is a composite outcome—ie, one or more of these three outcomes: metabolic acidosis (defined as pH <7·1 and base 
deficit >10 mmol/L), 5 min Apgar score less than 7, and neonatal unit admission (defined as admission to the neonatal intensive care unit, the high dependency unit, or the special care baby unit). Severe adverse 
perinatal outcome is a composite outcome—ie, one or more of the following outcomes specified: stillbirth (not due to congenital anomaly), neonatal death at term (not due to congenital anomaly), hypoxic 
ischaemic encephalopathy at term, use of inotropes at term, mechanical ventilation at term, severe metabolic acidosis at term (defined as pH <7·0 and base deficit >12 mmol/L). p values (all two sided) are from 
Fisher’s exact test. *Customised percentiles of EFW were calculated with the Gestation-Related Optimal Weight Customised Weight Centile Calculator (version 6.7 [UK]).

Table 4: Association between perinatal outcomes of estimated fetal weight less than the 10th percentile and abdominal circumference growth velocity

Figure 2: Stratifi ed analyses of the risk of the neonatal composite adverse outcome associated with diagnosis 
of small-for-gestational-age infants
Diagnosis of infants by universal ultrasonography in relation to indicators of fetal growth restriction. The 
fi ve previously described indices of fetal growth restriction were classifi ed as the extreme decile associated with 
fetal growth restriction (highest or lowest, as appropriate) compared with the other nine deciles in the cohort. 
Points are relative risks of neonatal morbidity associated with an ultrasonic diagnosis of a small-for-gestational-
age infant at the last scan before birth. p values are a Mantel-Haenszel test calculation of interaction (ie, testing the 
hypothesis that the association between diagnosis of a small-for-gestation-age infant and neonatal morbidity 
varies in the two strata). Interactions tested using logistic regression showed almost identical p values. 
AC=abdominal circumference. FL=femur length. HC=head circumference. 

Umbilical doppler

Uterine doppler

AC growth velocity

AC:FL ratio

HC:AC ratio

Reference
Highest decile

Reference
Highest decile

Reference
Lowest decile

Reference
Lowest decile

Reference
Highest decile

Overall

p=0·04

p=0·27

p=0·005

p=0·66

p=0·09

Relative risk (95% CI)
210·5 4 8 16

For the 2013 Gestation 
Network Gestation-Related 
Optimal Weight Customised 
Weight Centile Calculator see 
http://www.gestation.net
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Defining	FGR:	funcEonal	measurements	

! ! !

Doppler	of	fetal	
vessels:	UA,	MCA,	DV	

Doppler	of	maternal	
vessels:	Ut	Art	

Defining	FGR:	Exclude	other	causes	

IdenEfying	the	cause	of	FGR	–		
GeneEc,	infecEve,	structural		
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Consensus definition of fetal growth restriction: a Delphi
procedure
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ABSTRACT

Objective To determine, by expert consensus, a definition
for early and late fetal growth restriction (FGR) through
a Delphi procedure.

Method A Delphi survey was conducted among an
international panel of experts on FGR. Panel members
were provided with 18 literature-based parameters for
defining FGR and were asked to rate the importance
of these parameters for the diagnosis of both early and
late FGR on a 5-point Likert scale. Parameters were
described as solitary parameters (parameters that are
sufficient to diagnose FGR, even if all other parameters
are normal) and contributory parameters (parameters that
require other abnormal parameter(s) to be present for the
diagnosis of FGR). Consensus was sought to determine
the cut-off values for accepted parameters.

Results A total of 106 experts were approached, of whom
56 agreed to participate and entered the first round,
and 45 (80%) completed all four rounds. For early
FGR (< 32 weeks), three solitary parameters (abdominal
circumference (AC) < 3rd centile, estimated fetal weight
(EFW) < 3rd centile and absent end-diastolic flow in the
umbilical artery (UA)) and four contributory parameters
(AC or EFW < 10th centile combined with a pulsatility
index (PI) > 95th centile in either the UA or uterine
artery) were agreed upon. For late FGR (≥ 32 weeks),
two solitary parameters (AC or EFW < 3rd centile) and
four contributory parameters (EFW or AC < 10th centile,
AC or EFW crossing centiles by > two quartiles on growth
charts and cerebroplacental ratio < 5th centile or UA-PI
> 95th centile) were defined.

Correspondence to: Dr S. J. Gordijn, University Medical Center Groningen, Hanzeplein 1, 9700 RB Groningen, The Netherlands
(e-mail: s.j.gordijn@umcg.nl)

Accepted: 10 February 2016

Conclusion Consensus-based definitions for early and
late FGR, as well as cut-off values for parameters involved,
were agreed upon by a panel of experts. Copyright © 2016
ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

Fetal growth restriction (FGR) is difficult to define. In
this pregnancy condition, the fetus does not reach its
biological growth potential as a consequence of impaired
placental function, which may be because of a variety
of factors1–3. Fetuses with FGR are at risk for perinatal
morbidity and mortality4–6, and poor long-term health
outcomes, such as impaired neurological and cognitive
development7, and cardiovascular and endocrine diseases
in adulthood8. At present no gold standard for the
diagnosis of FGR exists. It is usually defined by the
statistical deviation of fetal size from a population-based
reference, with a typical threshold at the 10th, 5th or
3rd centile; such a threshold is considered better as
indicative of a ‘small-for-gestational-age’ (SGA) fetus9,10.
SGA, however, differs from FGR principally because it
also encompasses a majority of constitutionally small
but healthy fetuses at lower risk of abnormal perinatal
outcome11. On the other hand, growth-restricted fetuses
with biometry > 10th centile may not meet their growth
potential, and may remain undiagnosed despite being at
increased risk of adverse outcome12.

From both a clinical and a scientific perspective, it
is most relevant to focus on fetuses that are at risk
for adverse outcome, highlighting the need for a clear
definition of FGR distinct from SGA. Several parameters

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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Table 5 Possible algorithms of solitary and contributory parameters for defining early and late fetal growth restriction (FGR), as determined
by a panel of experts

Early FGR (< 32 weeks) Late FGR (≥ 32 weeks)

Solitary Solitary
Biometric: AC < 3rd centile Biometric: AC < 3rd centile
Biometric: EFW < 3rd centile Biometric: EFW < 3rd centile
Doppler: absent end-diastolic flow in UA

Contributory Contributory
Biometric: AC < 10th centile Biometric: AC < 10th centile
Biometric: EFW < 10th centile Biometric: EFW < 10th centile
Doppler: UA-PI > 95th centile
Doppler: UtA-PI > 95th centile

Biometric (relative): AC or EFW crossing centiles more than
2 quartiles

Doppler: UA-PI > 95th centile or abnormal CPR
Algorithms for contributory parameters Algorithms for contributory parameters

(A) 2/3 contributory parameters required irrespective of
which parameter

(A) 2/3 contributory parameters required irrespective of
which parameter

(B) 2/3 parameters required including a biometric
parameter (AC/EFW)

(B) 2/3 parameters required including an absolute
biometric parameter (AC/EFW)

(C) all contributory parameters required (C) all contributory parameters required

AC, fetal abdominal circumference; CPR, cerebroplacental ratio; EFW, estimated fetal weight; PI, pulsatility index; UA, umbilical artery;
UtA, uterine artery.

Table 6 Consensus-based definitions for early and late fetal growth restriction (FGR) in absence of congenital anomalies

Early FGR:
GA < 32 weeks, in absence of congenital anomalies

Late FGR:
GA ≥ 32 weeks, in absence of congenital anomalies

AC/EFW < 3rd centile or UA-AEDF AC/EFW < 3rd centile

Or Or at least two out of three of the following
1. AC/EFW < 10th centile combined with 1. AC/EFW < 10th centile
2. UtA-PI > 95th centile and/or 2. AC/EFW crossing centiles >2 quartiles on growth centiles*
3. UA-PI > 95th centile 3. CPR < 5th centile or UA-PI > 95th centile

*Growth centiles are non-customized centiles. AC, fetal abdominal circumference; AEDF, absent end-diastolic flow; CPR, cerebroplacental
ratio; EFW, estimated fetal weight; GA, gestational age; PI, pulsatility index; UA, umbilical artery; UtA, uterine artery.

In this Delphi procedure, as many potential parameters
as possible were presented, such as customized centiles23

and serum biomarkers soluble fms-like tyrosine kinase
and placental growth factor24. From the answers of
the expert participants, we concluded that currently
available evidence regarding the rejected parameters is
not weighted strongly enough to include these parameters
in the diagnosis at this time – which does not exclude
their value in outcome prediction.

The proposed definition is not a prediction model for
clinical outcomes. Nonetheless, similar parameters that
can be used in prediction models were presented for
possible inclusion in the diagnosis. The definition should
be tested against other definitions (primarily definitions of
SGA) in prospective observational cohorts. It is probable
that the new definition will better identify fetuses at
risk than does a solely biometrically based definition.
However, its validity in regard to a reduction in adverse
outcomes needs to be tested and it should be used in
clinical trials of interventions.

Many research initiatives focus on the establishment
of good diagnostic markers for FGR and also focus on
prediction models for adverse outcomes in FGR with
combinations of Doppler ultrasound and biomarkers24,25.
Ongoing studies are assessing the combined utility of

biomarkers and ultrasound parameters for the diagnosis
of FGR, and as data accumulate the definitions proposed
here may need to be updated.

Now that a consensus definition of FGR has been
established, it raises several questions. First, diagnosis at
delivery (neonatal growth restriction (NGR)) presents the
same challenges as does the diagnosis of FGR. The rela-
tionship between FGR and NGR needs to be evaluated
using the new definitions. A definition of NGR based
solely on size is unlikely to be optimal for identifying those
at risk for adverse outcome. Second, the diagnoses of FGR
and growth restriction at delivery need to be connected to
relevant outcomes. It is important not only to use uniform
and meaningful diagnostic definitions, but also to come
to agreement on what the relevant outcomes are that
should be reported in all trials, much like the CONSORT
statement and the CROWN initiative26,27. Subsequently,
a similar Delphi procedure concerning growth restriction
of the newborn and outcomes will be performed.
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1. Is this the right chart? 

Livebirth (BW) charts will systematically under-diagnose fetal growth restriction prior to term 

These babies…… 

…are not as happy and well 
nourished as these babies… 

Dobbins (replace Roberts and Lancaster) are a ‘left skewed ‘population 

Which	growth	chart:	birthweight	vs	fetal	weight	

Live	birth	charts	will	systemaEcally	underdiagnose	FGR	prior	to	term	

Babies	in	the	NICU	are	
not	the	same………..	

As	babies	that	remain	
in-utero	unEl	term!	

Which	growth	chart:	Standard	vs	Reference	charts	

Growth	standards	charts	describe	how	a	baby	should	
grow…..based	on	data	from	only	healthy	pregnancies	

	
Whereas	growth	reference	charts	describe	how	all	babies	in	a	
popula7on	grow	including	those	that	subsequently	develop	

complicaEons			
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which	increase	the	risks	of	adverse	perinatal	outcomes	
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When	should	I	deliver	a	baby	with	early	onset	FGR?		

Placental	dysfuncEon	 CompensaEng	 DecompensaEng	 Damage	&	death	

HYPOXIA	&	ACIDOSIS	

Increased	placental	resistance,	slowing	growth,	centralisaEon,	cardiac	failure		

The pattern of preterm intra-uterine growth restriction 

Uteroplacental IUGR Slowing of fetal growth, progressively 
abnormal umbilical artery dopplers 

x x 

Progressive worsening of  
placental disease 

Reversed end diastolic flow 

Absent end diastolic flow 

Raised SD ratio 

www.fetalmedicinebarcelona.org/

Fetal I+D Protocol early-onset IUGR 
Sequence Doppler (and CTG) changes

CPRCPR
<p5<p5

Ut A Ut A 
>p95>p95

MCAMCA
<p5<p5

DV DV 
(a rev)(a rev)

CGT decelerations ofCGT decelerations of
reduced short-termreduced short-term

variabilityvariability

REDVREDVDV >p95DV >p95 UVpulsUVpuls

I    Doppler normal but EFW<p3

II   Increased resistance 
        Initial redistribution

III  Severely increased resistance
        and/or redistribution 

IV  Severe hemodynamic alteration

V   High risk of death

AEDVAEDV AoI >p95AoI >p95

k
0
HG
LFL
QD
�)
HW
DO
�%
DU
FH
OR
QD

Ut	Art	>	95	 UA	>	95	

The pattern of preterm intra-uterine growth restriction 

Uteroplacental IUGR Slowing of fetal growth, progressively 
abnormal umbilical artery dopplers 

x x 

Progressive worsening of  
placental disease 

Reversed end diastolic flow 

Absent end diastolic flow 

Raised SD ratio 

AEDF	

The pattern of preterm intra-uterine growth restriction 

Uteroplacental IUGR Slowing of fetal growth, progressively 
abnormal umbilical artery dopplers 

x x 

Progressive worsening of  
placental disease 

Reversed end diastolic flow 

Absent end diastolic flow 

Raised SD ratio 

REDF	

The pattern of preterm intra-uterine growth restriction 

Uteroplacental IUGR 

Fetal compensation in the 
face of hypoxia 

Slowing of fetal growth, progressively 
abnormal umbilical artery dopplers 

Redistribution of cardiac output: 
oligohydramnios, and increased cerebral 
blood flow (falling MCA PI, elevated MCA 
PSV, abnormal CPR) 

Redistribution of 
blood flow 
toward cerebral 
arteries 

MCA	<	5	

k0
HG
LFL
QD
�)H
WDO
�%D
UFH
ORQ
D

Ao	I	>	95	

The ductus venosus 

Early in FGR 

increased flow through the DV, as the fetus preferentially 
streams blood through the DV toward to LV, brain and 
coronaries, bypassing the liver 

Late in FGR 

reduction in forward flow through the DV reflecting the 
cardiac dysfunction associated with hypoxia and acidemia 

DV and acidemia 

elevated umbilical artery and brain sparing generally associated with a normal pH, 
elevated venous indices best predictor of acidemia 

The pattern of preterm intra-uterine growth restriction 

Uteroplacental IUGR 

Fetal compensation in the 
face of hypoxia 

Fetal decompensation in 
the face of acidosis 

Slowing of fetal growth, progressively 
abnormal umbilical artery dopplers 

Redistribution of cardiac output: 
oligohydramnios, and altered cerebral 
blood flow 

Abnormal venous waveforms:   cardiac 
dysfunction (R>L, S>D)  predict acidemia 
with sens/ spec 70-90%  

UV	puls	

DV	a	rev	

The pattern of preterm intra-uterine growth restriction 

Uteroplacental IUGR 

Fetal compensation in the 
face of hypoxia 

Fetal decompensation in 
the face of acidosis 

Slowing of fetal growth, progressively 
abnormal umbilical artery dopplers 

Redistribution of cardiac output: 
oligohydramnios, and altered cerebral 
blood flow 

Abnormal CTG: 

Loss of variability, presence of 
spontaneous decelerations 

Computerised CTG: ? reduction in PNMR 
(RR 0.2; 0.04-0.88)  

Grivell, Cochrane 2012 

Abn	CTG	

The pattern of preterm intra-uterine growth restriction 

Uteroplacental IUGR 

Fetal compensation in the 
face of hypoxia 

Fetal decompensation in 
the face of acidosis 

Slowing of fetal growth, progressively 
abnormal umbilical artery dopplers 

Redistribution of cardiac output: 
oligohydramnios, and altered cerebral 
blood flow 

Abnormal venous waveforms:   cardiac 
dysfunction (R>L, S>D)  predict acidemia 
with sens/ spec 70-90%  

DV	>	95	

2-4	weeks	 10	days	 4	–	7	
days	 1-2	days	

DON’T	FORGET	PREECLAMPSIA!	

Highest	number	of	
survivors	without	
impairment	in	the	
group	assigned	to	
delivery	when	there	
was	an	absent	a	wave	in	
the	ductus	venosus	
	
	
DV	no	a	–	85%	
DV	>95			-		84%	
CTG	STV		-	77%	
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One major challenge in doing a trial in this area is the 
diffi  culty in reliance on one marker to trigger delivery. 
Delivery was indicated for maternal indication in 54 (11%) 
of 503 with severe pre-eclampsia or HELLP syndrome. 
Many women had hypertension on enrolment (303 [60%] 
of 503) and this percentage increased (362 [72%]) by the 
time of delivery. In 55 (11%) women, the diagnosis of fetal 
distress was not based on study protocol, but on visual 
CTG assessment because computerised assessment was 
not available at that time, or there was insuffi  cient time for 
a complete computerised assessment because of acute 
deterioration of fetal condition. In the remaining women, 
the delivery was indicated as specifi ed in the protocol, 
although in about half of these women the safety-net 
criteria were used. Safety net indicated delivery was most 
prevalent in the late ductus venosus group (DV no A; 
33%), less so in the early ductus venosus group (DV p95; 
23%), and least in the CTG STV group (15%). Further 
exploratory analysis is needed to understand the eff ects of 
per protocol and safety net indications on outcomes. 
Although the criteria for delivery were precisely described 
in our protocol, inevitably, in a large clinical management 
trial, deviations from protocol did occur. 

Only one previous trial that randomly allocated delivery 
timing in fetal growth restriction has been done (GRIT). 
GRIT recruited a similar number of women between 
1996 and 2002. By contrast with the clear delivery 
indications used in TRUFFLE, GRIT allocated women to 
immediate or delayed delivery based on clinical judgment 
using a Bayesian design. GRIT reported that 17% of their 
cohort died or had severe neuromorbidity compared with 
18% in TRUFFLE but the median gestation at delivery for 
GRIT was more than 1 week later than in babies in this 
TRUFFLE study.6,7 Outcomes between the two GRIT trial 
groups at 2 years or at school age did not diff er and thus 
GRIT did not give any specifi c clues as to the optimum 
timing or indications for delivery. Entry to GRIT was 
predicated on the attending obstetrician being in 
equipoise about delivery. The use of clear entry and 
delivery criteria in TRUFFLE resulted in a more 
homogeneous group of babies recruited from clinicians 
in 20 units who had shared training and validation for 
their fetal assessment techniques to achieve a 
standardised approach to management in the prenatal 
period. The TRUFFLE study was targeted at a lower 
gestational age, where exact timing of delivery is probably 
more important. Furthermore, the Bayley III assessment 
is more recent and better standardised compared with 
the Griffi  ths Scales used in GRIT.

We have previously reported TRUFFLE neonatal 
cohort outcomes based upon the gestational age at 
enrolment. The TRUFFLE neonatal cohort is a high-risk 
group with 8% mortality and in whom 25% met criteria 
for severe neonatal morbidity.14 Other studies have 
reported very high rates of bronchopulmonary dysplasia3 
and poorer 2 year neurodevelopmental outcomes27 in 
preterm fetal growth restriction; these fi ndings are not 

borne out by the prospectively collected TRUFFLE data. 
Furthermore, when analysed by randomised group 
(table 3), the neonatal outcomes (as death or severe 
neonatal morbidity or combined) did not diff er between 
the three groups. These data are by contrast with a 
previous case series of severe fetal growth restriction 
where substantially higher rates of death or neonatal 
morbidity were associated with an absent or reversed 
A wave in the ductus venosus.2

We were also encouraged by the low prevalence of 
neuroimpairment in this cohort. Outcomes for very 
preterm fetuses with identifi ed fetal growth restriction in 
TRUFFLE seem to be much better than appreciated 
previously; 82% of children with known outcome 
survived without impairment. We had predicted much 
higher rates of poor outcome in designing TRUFFLE; 
however, good outcomes could possibly be more frequent 
in those populations entered into randomised trials than 
in those receiving standard care. In this case, delivery 
was predicated on specifi c criteria and clinical monitoring 
was very frequent. Comparison with other studies is 
diffi  cult as the TRUFFLE cohort was identifi ed at a very 
low gestational age. In GRIT, 83% of infants survived 
without disability but deaths were twice as frequent as 
impairment, which was defi ned using an older 
developmental test that tended to produce much higher 
scores in modern populations, and thus might have been 
an underestimate. By contrast, data from a cohort of 
113 women with fetal growth restriction delivered by 
abnormal biophysical profi le or maternal condition 
between 2000 and 2008, with a similar gestational age 
at delivery to TRUFFLE, identifi ed 26% mortality and 
30% of survivors with abnormal neuromotor outcomes;28 
only 44% survived without impairment. A randomised 
controlled trial of volume expansion in preeclampsia or 
gestational hypertension29 included 210 women in 

Figure 2: Outcome for all cases
The bars present the percentages for the three allocation groups, separately for those cases included before 29 weeks 
and for those at 29 weeks or later. The total number of cases for the subgroups is presented in the middle of each bar. 
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2 year neurodevelopmental and intermediate perinatal 
outcomes in infants with very preterm fetal growth 
restriction (TRUFFLE): a randomised trial
Christoph C Lees, Neil Marlow, Aleid van Wassenaer-Leemhuis, Birgit Arabin, Caterina M Bilardo, Christoph Brezinka, Sandra Calvert, Jan B Derks, 
Anke Diemert, Johannes J Duvekot, Enrico Ferrazzi, Tiziana Frusca, Wessel Ganzevoort, Kurt Hecher, Pasquale Martinelli, Eva Ostermayer, 
Aris T Papageorghiou, Dietmar Schlembach, K T M Schneider, Baskaran Thilaganathan, Tullia Todros, Adriana Valcamonico, Gerard H A Visser, 
Hans Wolf, for the TRUFFLE study group*

Summary
Background No consensus exists for the best way to monitor and when to trigger delivery in mothers of babies with fetal 
growth restriction. We aimed to assess whether changes in the fetal ductus venosus Doppler waveform (DV) could be 
used as indications for delivery instead of cardiotocography short-term variation (STV). 

Methods In this prospective, European multicentre, unblinded, randomised study, we included women with singleton 
fetuses at 26–32 weeks of gestation who had very preterm fetal growth restriction (ie, low abdominal circumference 
[<10th percentile] and a high umbilical artery Doppler pulsatility index [>95th percentile]). We randomly allocated 
women 1:1:1, with randomly sized blocks and stratifi ed by participating centre and gestational age (<29 weeks vs 
≥29 weeks), to three timing of delivery plans, which diff ered according to antenatal monitoring strategies: reduced 
cardiotocograph fetal heart rate STV (CTG STV), early DV changes (pulsatility index >95th percentile; DV p95), or late 
DV changes (A wave [the defl ection within the venous waveform signifying atrial contraction] at or below baseline; DV 
no A). The primary outcome was survival without cerebral palsy or neurosensory impairment, or a Bayley III 
developmental score of less than 85, at 2 years of age. We assessed outcomes in surviving infants with known outcomes 
at 2 years. We did an intention to treat study for all participants for whom we had data. Safety outcomes were deaths in 
utero and neonatal deaths and were assessed in all randomly allocated women. This study is registered with ISRCTN, 
number 56204499. 

Findings Between Jan 1, 2005 and Oct 1, 2010, 503 of 542 eligible women were randomly allocated to monitoring 
groups (166 to CTG STV, 167 to DV p95, and 170 to DV no A). The median gestational age at delivery was 30·7 weeks 
(IQR 29·1–32·1) and mean birthweight was 1019 g (SD 322). The proportion of infants surviving without 
neuroimpairment did not diff er between the CTG STV (111 [77%] of 144 infants with known outcome), DV p95 
(119 [84%] of 142), and DV no A (133 [85%] of 157) groups (ptrend=0·09). 12 fetuses (2%) died in utero and 27 (6%) 
neonatal deaths occurred. Of survivors, more infants where women were randomly assigned to delivery according to 
late ductus changes (133 [95%] of 140, 95%, 95% CI 90–98) were free of neuroimpairment when compared with those 
randomly assigned to CTG (111 [85%] of 131, 95% CI 78–90; p=0.005), but this was accompanied by a non-signifi cant 
increase in perinatal and infant mortality.

Interpretation Although the diff erence in the proportion of infants surviving without neuroimpairment was 
non-signifi cant at the primary endpoint, timing of delivery based on the study protocol using late changes in the DV 
waveform might produce an improvement in developmental outcomes at 2 years of age.

Funding ZonMw, The Netherlands and Dr Hans Ludwig Geisenhofer Foundation, Germany.

Introduction
When a fetus is diagnosed with early onset growth 
restriction, the main priority for the obstetrician, fetal 
medicine specialist, neonatologist, and parent is for the 
fetus to be delivered in optimum condition and survive 
the neonatal period. Nevertheless, outcomes in later life 
relating to neuro disability are of potentially greater 
importance than survival, are rarely reported, and cannot 
be inferred from whether or not complications occur in 
the neonatal period.1 Most studies of early onset fetal 
growth restriction have focused on short-term neonatal 
outcomes2–4 and only one, the GRIT study,5 was both 

randomised and reported infant follow-up at 2 years and 
the age at which the infant began school. The GRIT study 
randomly allocated women to early or delayed delivery 
when signs of fetal compromise were present, but the 
obstetrician was in equipoise as to whether delivery was 
indicated. Neonatal outcomes,6 childhood morbidity at 
2 years,7 and at morbidity at school age8 did not show 
benefi t for either group, thus not further informing 
management.

Several methods exist for surveillance of the at-risk 
fetus—eg, cardiotocography, arterial and venous Doppler 
examination, and biophysical profi les.9 The temporal 
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Early	onset	FGR:	What	did	TRUFFLE	say?	

But	52%	of	late	DV	group	delivered	because	of	abnormal	cCTG!		
Best	predictor	of	outcome	was	GA	and	birthweight	at	delivery		

RESEARCH

Induction versus expectant monitoring for intrauterine
growth restriction at term: randomised equivalence trial
(DIGITAT)

K E Boers, obstetrician,1 S M C Vijgen, health economist ,2 D Bijlenga, psychologist, senior researcher ,2 J A M
van der Post, obstetrician ,2 D J Bekedam, obstetrician ,3 A Kwee, obstetrician,4 P C M van der Salm,
obstetrician,5 M G van Pampus, obstetrician,3 M E A Spaanderman, obstetrician,6 K de Boer, obstetrician,7 J J
Duvekot, obstetrician,8 H A Bremer, obstetrician,9 T H M Hasaart, obstetrician,10 F M C Delemarre,
obstetrician,11 K W M Bloemenkamp, obstetrician,1 C A van Meir, obstetrician,12 C Willekes, obstetrician,13 E J
Wijnen, obstetrician,14 M Rijken, neonatologist,1 S le Cessie, statistician,1 F J M E Roumen, obstetrician ,15 J G
Thornton, obstetrician,16 J M M van Lith, obstetrician,1 B W J Mol, obstetrician,2 S A Scherjon, obstetrician1 on
behalf of the DIGITAT study Group

ABSTRACT
Objective To compare the effect of induction of labour

with a policy of expectant monitoring for intrauterine

growth restriction near term.

DesignMulticentre randomised equivalence trial (the

Disproportionate Intrauterine Growth Intervention Trial At

Term (DIGITAT)).

SettingEightacademicand44non-academichospitals in the

Netherlands between November 2004 and November 2008.

Participants Pregnant women who had a singleton

pregnancy beyond 36+0 weeks’ gestation with suspected

intrauterine growth restriction.

Interventions Induction of labour or expectant monitoring.

Main outcome measures The primary outcome was a

composite measure of adverse neonatal outcome,

defined as death before hospital discharge, five minute

Apgar score of less than 7, umbilical artery pH of less than

7.05, or admission to the intensive care unit. Operative

delivery (vaginal instrumental delivery or caesarean

section) was a secondary outcome. Analysis was by

intention to treat, with confidence intervals calculated for

the differences in percentages or means.

Results 321 pregnant women were randomly allocated to

induction and 329 to expectant monitoring. Induction

group infants were delivered 10 days earlier (mean

difference −9.9 days, 95% CI −11.3 to −8.6) and weighed

130 g less (mean difference −130 g, 95% CI −188 g to

−71 g) than babies in the expectant monitoring group. A

total of 17 (5.3%) infants in the induction group

experienced the composite adverse neonatal outcome,

compared with 20 (61%) in the expectant monitoring

group (difference −0.8%, 95% CI −4.3% to 3.2%).

Caesarean sections were performed on 45 (14.0%)

mothers in the induction group and 45 (13.7%) in the

expectant monitoring group (difference 0.3%, 95% CI

−5.0% to 5.6%).

Conclusions In women with suspected intrauterine

growth restriction at term, we found no important

differences in adverse outcomes between induction of

labour and expectant monitoring. Patients who are keen

on non-intervention can safely choose expectant

management with intensive maternal and fetal

monitoring; however, it is rational to choose induction to

prevent possible neonatal morbidity and stillbirth.

Trial registration International Standard Randomised

Controlled Trial number ISRCTN10363217.

INTRODUCTION

Most infants with intrauterine growth restriction are
born at term.1 Growth restriction so late in gestation
is associated with increased perinatal morbidity in the
form of fetal distress, hypoglycaemia, seizures, beha-
vioural problems, cerebral palsy, and cardiovascular
disease, as well as perinatal mortality.2-11 Obstetricians
often induce labour in cases of intrauterine growth
restriction for fear of neonatal morbidity and later still-
birth. However, observational comparisons of such
infants with matched fetuses delivered after sponta-
neous labour have shown no reduction in short term
adverse neonatal outcomes. Induction might increase
obstetric interventions12-14 and even cause neonatal
morbidity if performed before 39 weeks.15-18 For
these reasons, expectant management with maternal
and fetal monitoring is a commonly followed strategy.
The Disproportionate Intrauterine Growth Inter-

vention Trial At Term (DIGITAT) was designed to
compare the effect of induction of labour with expec-
tant monitoring on a composite adverse neonatal out-
come and on operative delivery rates in infants with
suspected growth restriction beyond 36 weeks’ gesta-
tion. In a pilot trial comparing these two interventions
in 33 women, neonatal outcomes and operative
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‘It	is	more	ra7onale	to	choose	induc7on	of	labour	to	prevent	
possible	neonatal	morbidity	and	s7llbirth	on	the	grounds	that	we	
showed	no	increase	in	opera7ve	&	instrumental	delivery	rates……’	

‘Future	research	should	focus	on	how	to	dis7nguish	fetuses	that	
are	genuinely	growth	restricted	and	those	that	are	
cons7tu7onally	small…..	’	

BMJ	2009	

Late	onset	FGR:	monitoring	and	delivery	 v	The	Barcelona	Protocol	

Figueras	&	Gratacos,	2014	

•  IdenEfy	if	the	baby	is	small		
– Does	it	have	FGR	or	SGA?	

•  IdenEfy	if	the	baby	has	FGR	but	is	not	small	
•  Decide	if	the	baby	is	at	risk	of	compromise	
– Decide	when	you	need	to	deliver		

•  Currently	there	is	no	treatment	for	FGR	other	
than	monitoring	and	delivery		
– Await	further	RCTs	for	new	treatments	

Conclusion	


