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Abstract
Introduction: Severe	 early‐onset	 fetal	 growth	 restriction	 is	 an	 obstetric	 condition	
with	significant	risks	of	perinatal	mortality,	major	and	minor	neonatal	morbidity,	and	
long‐term	health	sequelae.	The	prognosis	of	a	 fetus	 is	 influenced	by	the	extent	of	
prematurity	and	fetal	weight.	Clinical	care	is	individually	adjusted.	In	literature,	sur-
vival	rates	vary	and	studies	often	only	include	live‐born	neonates	with	missing	rates	
of	antenatal	death.	This	systematic	review	aims	to	summarize	the	literature	on	mor-
tality	and	morbidity.
Material and methods: A	broad	literature	search	was	conducted	in	OVID	MEDLINE	
from	2000	to	26	April	2019	to	identify	studies	on	fetal	growth	restriction	and	perina-
tal	death.	Studies	were	excluded	when	all	included	children	were	born	before	2000	
because	(neonatal)	health	care	has	considerably	improved	since	this	period.	Studies	
were	included	that	described	fetal	growth	restriction	diagnosed	before	32	weeks	of	
gestation	and	antenatal	mortality	and	neonatal	mortality	and/or	morbidity	as	out-
come.	Quality	of	evidence	was	rated	with	the	GRADE	instrument.
Results: Of	the	2604	publications	identified,	25	studies,	reporting	2895	pregnancies,	
were	included	in	the	systematic	review.	Overall	risk	of	bias	in	most	studies	was	judged	
as	low.	The	quality	of	evidence	was	generally	rated	as	very	low	to	moderate,	except	
for	3	large	well‐designed	randomized	controlled	trials.	When	combining	all	data	on	
mortality,	in	355	of	2895	pregnancies	(12%)	the	fetus	died	antenatally,	192	died	in	the	
neonatal	period	(8%	of	live‐born	neonates)	and	2347	(81%	of	all	pregnancies)	children	
survived.	Of	the	neonatal	morbidities	recorded,	respiratory	distress	syndrome	(34%	
of	the	live‐born	neonates),	retinopathy	of	prematurity	(13%)	and	sepsis	(30%)	were	
most	common.	Of	476	children	that	underwent	neurodevelopmental	assessment,	58	
(12%	of	surviving	children,	9%	of	all	pregnancies)	suffered	from	cognitive	impairment	
and/or	cerebral	palsy.
Conclusions: When	 combining	 the	 data	 of	 25	 included	 studies,	 survival	 in	 fetal	
growth	restriction	pregnancies,	diagnosed	before	32	weeks	of	gestation,	was	81%.	
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1  | INTRODUC TION

Severe	early‐onset	fetal	growth	restriction	(FGR)	with	placental	in-
sufficiency	as	its	mechanism1	is	an	obstetric	condition	that	is	mostly	
managed	in	tertiary‐care	hospitals.	By	consensus,	FGR	is	defined	as	
onset	before	32	weeks	of	gestation,	a	fetal	abdominal	circumference	
or	estimated	fetal	weight	(EFW)	below	the	3rd	centile	or	absent	end‐
diastolic	flow	in	the	umbilical	artery,	or	abdominal	circumference	or	
EFW	below	the	10th	centile	combined	with	a	pulsatility	index	of	the	
uterine	artery	above	the	95th	centile	and/or	pulsatility	index	of	the	
umbilical	artery	above	 the	95th	centile.2	This	patient	group	needs	
high	amounts	of	care	and	has	a	high	likelihood	of	iatrogenic	prema-
ture	delivery,	both	for	fetal	and	for	secondary	maternal	indications,	
such	as	the	development	of	the	maternal	syndrome	of	preeclamp-
sia.3	As	these	FGR	children	are	usually	born	very	preterm,	the	condi-
tion	carries	significant	risks	of	neonatal	mortality,	major	and	minor	
morbidity,	and	long‐term	health	sequelae.4,5	These	risks	are	not	only	
strongly	related	to	gestational	age,	but	also	to	the	extent	of	growth	
restriction.	Reported	survival	rates	vary.3

Counseling	patients	with	severe	early‐onset	FGR	about	perinatal	
prognosis	is	difficult	because	of	the	uncertain	influence	of	different	
prognostic	variables	of	the	condition.	Furthermore,	the	widespread	
variability	 of	 existing	 data	 on	 survival	 and	 long‐term	 prognosis	 of	
the	 fetus	makes	 decision‐making	 in	 this	 patient	 group	 even	more	
difficult.

Overview	of	total	mortality	is	often	lacking	in	literature	on	this	
subject.	For	example,	many	studies	describe	the	prognosis	of	 live‐
born	neonates	after	FGR	and	do	not	 take	antenatal	death	 into	ac-
count.	From	an	obstetric	perspective,	long‐term	outcomes	can	only	
be	interpreted	optimally	if	they	are	presented	together	with	the	pro-
portions	of	antenatal	and	neonatal	death.6	The	aim	of	this	systematic	
review	is	to	describe	the	chances	of	overall	(antenatal	and	neonatal)	
survival,	and	long‐term	morbidity	and	neurodevelopment	based	on	
the	total	number	of	fetuses	at	first	FGR	diagnosis	to	inform	patients	
and	obstetricians	in	their	counseling	and	decision‐making.

2  | MATERIAL AND METHODS

2.1 | Data sources

An	 information	 specialist	 (JL)	 performed	 a	 broad	 search	 in	 OVID	
MEDLINE	from	2000	to	27	April	2019.	The	search	consisted	of	con-
trolled	 terms,	 including	MeSH	 terms,	 and	 text	words	 for	FGR	and	

antenatal/perinatal	mortality	or	neurodevelopment	 in	 infants	with	
demonstrated	FGR,	combined	with	search	filters	to	retrieve	primary	
and	secondary	studies	(the	latter	only	as	a	check).	We	searched	from	
2000	 onwards	 because	 neonatal	 health	 care	 has	 changed	 funda-
mentally	in	the	current	millennium.	No	further	restrictions	were	ap-
plied.	The	complete	search	strategy	is	shown	in	the	Supplementary	
material	(Table	S1).	The	retrieved	records	were	imported	and	de‐du-
plicated	in	endnote	X7.	The	included	studies	were	screened	for	ad-
ditional	relevant	cited	or	citing	references.

2.2 | Main outcomes measures

Six	important	research	questions	were	identified:

1.	 What	 is,	 in	 severe	 early‐onset	 FGR,	 the	 chance	 of	 intrauterine	
death?

2.	 What	is,	in	live‐born	neonates	after	severe	early‐onset	FGR,	the	
chance	of	neonatal	death?

3.	 What	 is,	 in	surviving	children	after	severe	early‐onset	FGR,	 the	
chance	 of	 neurodevelopmental	 impairment	 (NDI)	 at	 or	 before	
5	years	of	age	in	long‐term	follow	up?

4.	 What	 is,	 in	surviving	children	after	severe	early‐onset	FGR,	 the	
mean	cognitive	score	at	or	before	5	years	of	age?

5.	 What	 is,	 in	surviving	children	after	severe	early‐onset	FGR,	 the	
mean	motor	score	at	or	before	5	years	of	age?

6.	 What	 is,	 in	surviving	children	after	severe	early‐onset	FGR,	 the	
chance	of	cerebral	palsy	at	or	before	5	years	of	age?

2.3 | Eligibility criteria

Records	 covering	 singleton	 pregnancies	 diagnosed	 with	 FGR,	 as	
defined	by	trialists,	diagnosed	before	32	weeks	of	gestation,	were	
included	when	the	antenatal	and	perinatal	data	on	mortality	were	

Neurodevelopmental	 impairment	was	 assessed	 in	 a	minority	 of	 surviving	 children.	
Individual	prognostic	counseling	on	the	basis	of	these	results	is	hampered	by	differ-
ences	in	patient	and	pregnancy	characteristics	within	the	included	patient	groups.

K E Y W O R D S

estimated	fetal	weight,	fetal	growth	restriction,	fetal	mortality,	infant	mortality,	morbidity,	
neurodevelopmental	impairment

Key message

The	data	of	25	included	studies,	reporting	2895	pregnan-
cies	 complicated	 by	 fetal	 growth	 restriction,	 diagnosed	
before	32	weeks	of	gestation	indicate	that	overall	survival	
was	81%.	In	12%	of	the	surviving	children	cognitive	impair-
ment	and/or	cerebral	palsy	was	diagnosed.
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reported.	 If	 a	 study	 included	 patients	 diagnosed	with	 FGR	before	
and	 after	 32	 weeks	 of	 gestation	 (for	 example	 between	 24	 and	
38	weeks	of	gestation)	 the	study	was	only	 included	 if	data	on	the	
subgroup	below	32	weeks	of	gestation	was	reported	separately	 in	
the	publication.	Because	of	the	progress	of	quality	of	obstetric	and	
neonatal	care,	only	patient	groups	(partially)	born	in	or	after	the	year	
2000	were	included.	Furthermore,	only	records	published	in	English	
and	with	an	available	full	text	were	included.

Records	 were	 excluded	 if	 they	 only	 described	 neonates	 born	
after	FGR,	evaluating	the	postnatal	data,	without	describing	the	an-
tenatal	and	perinatal	mortality.

2.4 | Data collection

Titles	and	abstracts	of	all	search	results	were	independently	screened	
by	2	researchers	(AP	and	IMB).	Discrepancies	were	resolved	by	dis-
cussion	with	a	third	researcher	(WG).	The	full	text	of	potentially	eli-
gible	studies	was	assessed.	Relevant	data	were	extracted	from	the	
full	text	by	2	researchers	independently	(AP	and	IMB)	and	compared	
for	purpose	of	completeness	and	correctness.

The	 quality	 of	 the	 evidence	 was	 rated	 using	 the	 GRADE	
instrument.7

3  | RESULTS

The	literature	search	identified	2602	unique	records,	and	2	additional	
records	were	identified	through	reference	and	citation	checks.	After	
title	and	abstract	screening,	269	full‐text	records	were	assessed	for	
eligibility;	25	studies	comprising	2895	patients	were	included	in	the	
systematic	review	(Figure	1).

3.1 | General characteristics of the studies

Table	1	summarizes	the	characteristics	of	the	included	studies.	The	
number	of	included	pregnancies	varied	from	8	to	503.	FGR	was	de-
fined	differently	among	the	included	studies;	some	studies	focused	
on	the	EFW	or	abdominal	circumference	only,	whereas	other	studies	
included	Doppler	measurements	as	well	(Table	1).

Table	S2A,B	 (see	Supplementary	material)	shows	the	 judgment	
of	risk	of	bias	of	the	individual	studies.	Two8,9	of	the	5	included	ran-
domized	controlled	trials	(RCT)8-12	were	judged	as	“unknown”	risk	of	
bias.	This	judgment	was	mostly	based	on	the	fact	that	these	studies	
were	 retrospectively	 registered	and	not	blinded,	and	that	some	of	
the	baseline	criteria	and	outcomes	were	not	reported	for	pregnan-
cies	that	involved	neonatal	death.	The	other	RCTs	and	the	observa-
tional	studies	included	were	generally	judged	as	“low”	risk	of	bias.

3.2 | Synthesis of the results

The	results	on	mortality	are	summarized	in	Table	2.	When	com-
bining	 all	 data	 on	 mortality,	 of	 2895	 pregnancies,	 355	 (12.3%;	
range	0%‐53%)	ended	 in	an	antenatal	death.	Of	2540	 live‐born	

children,	1	child	was	 lost	to	follow	up.	 In	all,	192	(7.6%	of	2539	
and	6.6%	of	the	total	of	2895	pregnancies;	range	0%‐71%)	neo-
natal	deaths	occurred,	and	2347	(81%;	range	14%‐100%)	of	preg-
nancies survived.

A	 subset	 of	 the	 studies	 report	 neonatal	 morbidity	 (see	
Supplementary	material,	Table	S3).	When	combining	the	data,	34%	
of	the	live‐born	neonates	experienced	respiratory	distress	syndrome	
(2	studies,	range	34%‐36%),	9.1%	had	bronchopulmonary	dysplasia	
(4	studies,	range	4%‐19%),	4.3%	had	intraventricular	hemorrhage	(10	
studies,	range	0%‐25%),	5.6%	had	necrotizing	enterocolitis	(9	stud-
ies,	range	0%‐22%),	2.6%	had	persistent	pulmonary	hypertension	of	
the	 newborn	 (2	 studies,	 range	1.9%‐9.1%),	 12.5%	had	 retinopathy	
of	 prematurity	 (4	 studies,	 range	 2%‐29%)	 and	 30%	 had	 sepsis	 (4	
studies,	range	25%‐64%).	One	study	used	a	composite	outcome	for	
severe	neonatal	morbidity13	and	1	study	used	a	composite	for	respi-
ratory	distress	syndrome	and	chronic	lung	disease.14

The	 ages	 at	 which	 the	 neurodevelopmental	 outcome	 was	 as-
sessed,	 the	 types	 of	 tests	 used	 for	 the	 assessment	 and	 the	 defi-
nition	 of	NDI	 differed	 between	 studies.	 Therefore,	 not	 all	 studies	
could	be	included	in	the	evidence	table.	From	the	476	children	(402	
from	1	 larger	 study,	 the	 remainder	 from	6	 small	 studies)	who	 un-
derwent	 neurodevelopmental	 assessment	 (Table	 3),	 58	 children	
(12%;	0%‐27%)	suffered	from	cognitive	impairment	and/or	cerebral	
palsy.	Overall,	cerebral	palsy	rates	in	the	7	studies	were	low:	varying	
from	1%	to	10%.	NDI	was	diagnosed	in	50	children	(11%	of	surviv-
ing	children	assessed).	Eight	percent	of	629	pregnancies	resulted	in	
a	 surviving	 infant	with	NDI.	Only	Lees	et	 al,10	 reporting	10%	NDI	
among	the	assessed	children,	included	all	important	domains	in	the	
definition	of	NDI	 (Bayley	 III	 score,	cerebral	palsy,	hearing	 loss	and	
visual	loss).

Tables	4	and	5	present	the	quality	of	evidence	for	our	research	
questions	 on	 the	 mortality	 and	 long‐term	 neurodevelopment,	 re-
spectively.	 Our	 fourth	 and	 fifth	 research	 questions	 were	 not	 ad-
dressed	in	any	of	the	included	studies.

4  | DISCUSSION

The	 aim	 of	 this	 systematic	 review	was	 to	 collate	 evidence	 on	 the	
perinatal	 mortality,	 morbidity	 and	 long‐term	 (neuro‐)development	
of	 pregnancies	 complicated	 by	 early‐onset	 FGR.	 Particularly	 in	
pregnancies	 with	 fetal	 compromise	 around	 the	 limits	 of	 viability,	
information	on	fetal	and	neonatal	prognosis	could	offer	a	guide	 in	
decision‐making	for	parents	and	obstetricians.

We	 found	 that	 antenatal	mortality	was	about	 twice	as	high	as	
neonatal	mortality.	Only	a	 few	studies	reported	on	the	number	of	
children	diagnosed	with	relevant	neonatal	morbidity,	such	as	respi-
ratory	 distress	 syndrome,	 bronchopulmonary	 dysplasia,	 persistent	
pulmonary	hypertension	of	the	newborn	and	retinopathy	of	prema-
turity.	 Also,	 a	minority	 of	 the	 studies	 reported	 outcomes	 of	 long‐
term	 follow	up.	Moreover,	 neurodevelopmental	 assessments	were	
performed	at	different	ages	and	different	neurodevelopmental	mea-
sures were used.
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The	 strength	 of	 this	 systematic	 review	 is	 the	 broad	 literature	
search	 and	 the	 strict	 inclusion	 criteria.	We	 excluded	 studies	 that	
included	 all	 their	 patients	 before	 2000,	 as	 the	 level	 of	 (neonatal)	
health	 care	was	 essentially	 different	 in	 that	 period.	Many	 studies	
that	reported	long‐term	follow	up	did	not	include	the	antenatal	and/
or	 neonatal	 mortality	 of	 the	 sample	 studied,5,15	 which	 could	 cre-
ate	selection	bias	and	may	 lead	 to	numbers	on	healthy	survival	of	

early‐onset	severe	FGR	to	be	too	optimistic.	Therefore,	we	also	pre-
defined	to	exclude	studies	that	used	live	birth	or	survival	as	starting	
criteria,	as	we	consider	it	crucial	to	include	data	on	all‐type	mortality	
to	allow	proper	conclusions	about	prognosis	from	the	obstetric	per-
spective.	Severity	of	brain	damage	is	not	only	associated	with	FGR,	
but	also	with	perinatal/neonatal	management,	and	survival	bias	was	
therefore	taken	into	account.

F I G U R E  1  Flowchart	article	selection.	FGR,	fetal	growth	restriction;	GA,	gestational	age	[Color	figure	can	be	viewed	at	
wileyonlinelibrary.com]
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One	weakness	of	this	systematic	review	is	the	lack	of	consistency	
in	the	definition	of	FGR	in	the	included	studies.	As	is	highlighted	in	
Table	1,	only	the	minority	of	the	included	studies	report	in	detail	on	
the	 definition	 of	 FGR	 that	was	 used.	 Studies	 basing	 the	 diagnosis	
of	FGR	only	on	growth	parameters	are	especially	at	 risk	of	having	
included	small‐for‐gestational‐age	pregnancies	as	well,	even	though	
the	 risk	of	 including	 small‐for‐gestational‐age	pregnancies	without	
placental	insufficiency	is	higher	above	32	weeks	of	gestation	com-
pared	with	pregnancies	below	32	weeks	of	gestation.16	In	particular,	
the	study	of	Fox	et	al17	included	a	wide	range	of	pregnancies	based	
on	the	EFW	<25th	centile.	Due	to	the	fact	that	these	pregnancies	
were	 antenatally	 diagnosed	 as	 being	 complicated	by	FGR,	 despite	
the	wide	definition	used	to	diagnose	the	FGR	and	the	possible	bias	
that	this	could	cause,	we	decided	to	include	the	study	in	the	system-
atic	review.	Exclusion	of	this	study	led	to	an	increase	in	the	overall	
mortality	from	18.9%	to	20.4%:	 in	total,	351	pregnancies	ended	in	
antenatal	death	and	190	in	neonatal	death,	out	of	2643	pregnancies	
(mortalities	 of	 13.2%	 and	 7.2%,	 respectively).	 The	 gestational	 age	
and	EFW	at	diagnosis	of	FGR	varied	between	the	included	studies	
and	within	some	of	the	individual	studies	(with	wide	ranges	or	SD),	
possibly	representing	pregnancies	with	variable	prognosis.	The	vari-
ety	of	definitions	of	FGR	used	and	the	range	of	gestational	age	and/
or	EFW	of	 the	 included	pregnancies	are	2	of	 the	reasons	why	the	
quality	of	evidence	for	most	outcomes	was	rated	very	 low,	 low	or	
moderate,	because	the	quality	of	evidence	was	downgraded	due	to	
serious	indirectness18	based	on	differences	in	study	populations.

Another	weakness	 is	 the	 lack	 of	 consistent	 information	 about	
hypertensive	disorders	of	pregnancy	as	they	share	pathophysiology	
and	 often	 coincide.	 Interventions	 in	 the	management	 of	 this	 syn-
drome	may	have	caused	bias	in	an	unknown	direction.19

One	 large	well‐designed	RCT20	 provides	 high‐quality	 evidence	
on	the	mortality	and	morbidity	outcomes	and	neurodevelopmental	
outcomes	at	2	years	of	age.10	Limitations	of	this	study	are	that	it	is	
a	trial	on	patient	management	and	some	pregnancies	were	excluded	
because	of	fetal	distress.	However,	the	advantage	of	this	RCT	was	
the	strict	inclusion	criteria	of	FGR	and	the	relatively	well‐organized	
follow	up	with	high	attrition	rate.

Currently,	 there	are	no	specific	evidence‐based	therapies	 for	
early‐onset	 severe	FGR.	 In	 the	absence	of	 therapeutic	 interven-
tions,	 standard	 management	 consists	 of	 intensive	 maternal	 and	
fetal	 monitoring	 and	 counseling	 with	 timed	 delivery.	 Increased	
fetal	 surveillance	 is	performed	 in	 the	period	of	 fetal	 viability,	 so	
that	decisions	around	management	and	timing	of	delivery,	usually	
by	cesarean	section,	can	be	made.3	 Informed	choices	depend	on	
data	on	fetal	and	neonatal	survival	and	morbidity.	Because	of	the	
higher	antenatal	mortality,	we	hypothesize	that	changing	thresh-
olds	for	intervention	to	decrease	antenatal	mortality	may	result	in	
increased	postnatal	mortality	or	increased	rates	of	NDIs.	The	aim	
for	joint	obstetric	and	neonatal	care	is	to	improve	overall	survival	
without	impairments.

Regarding	the	variability	of	prognostic	profiles	between	patients,	
a	systematic	review	of	individual	patient	data	would	be	useful,	to	be	
able	to	individualize	prognostic	counseling	as	much	as	possible.	We	 
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excluded	studies	reporting	on	wider	ranges	of	gestational	age.	This	
included	2	well‐designed	 studies	 investigating	 long‐term	neurode-
velopment.6,21	 In	 these	 studies,	10	out	of	34	 (29%)	and	14	out	of	
149	(10%)	children,	respectively,	had	an	abnormal	IQ	score,	of	which	
the	 latter	percentage	 is	 in	 line	with	the	findings	of	 this	systematic	
review.	Together	with	the	studies	included	in	our	analyses	that	re-
ported	on	 long‐term	neurodevelopment,	 it	 illustrates	 the	need	 for	
more	prospective	studies	starting	at	diagnosis	of	FGR	and	extending	
to	early	school	age	development	of	the	surviving	children.

5  | CONCLUSION

In	this	systematic	review	based	on	25	studies	comprising	2895	preg-
nancies	 complicated	 by	 severe	 early‐onset	 FGR,	we	 found	 that	 the	
overall	rates	of	antenatal	and	neonatal	death	were	12.3%	and	6.6%,	
respectively.	 Of	 the	 476	 children	 included	 in	 the	 long‐term	 follow	
up,	12.2%	of	the	survivors	(7.9%	of	all	pregnancies)	were	affected	by	
NDI	 and/or	 cerebral	 palsy.	 Data	 on	 neurodevelopment	 were	much	
less	 reported	 and	mostly	 during	 toddler	 years,	 and	 not	 school	 age.	
Conclusions	 at	 an	 individual	 level	 are	 hampered	 by	 the	 differences	
in	 study	 quality	 and	 prognostic	 characteristics.	 A	 future	 analysis	
with	individual	patient	data	might	further	improve	individual	patient	
counseling.	Longer	follow	up	in	prospective	FGR	cohorts	is	needed	to	
	provide	data	on	the	balance	between	mortality	and	NDI.
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