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Abstract 

Objectives
To	investigate,	in	growth-restricted	fetuses,	whether	prenatal	Doppler	parameters	are	
correlated	with	neonatal	circulatory	changes.	

Methods
In	43	cases	of	suspected	FGR,	serial	Doppler	measurements	of	the	umbilical	artery	(UA)	
and	the	middle	cerebral	artery	(MCA)	were	performed	(last	measurement,	closest	to	
delivery:	<1	week	before	birth).	Neonatal	circulation	was	assessed	for	2	hours/day	on	
Days	1-5,	8,	 and	15	by	near-infrared	 spectroscopy	 (NIRS)	of	 the	 cerebral,	 renal,	 and	
splanchnic	 regions.	The	 following	ratios	were	calculated:	 cerebroplacental	 (CPR),	 i.e.	
MCA/UA,	 cerebrorenal	 (CRR),	 i.e.	 cerebral/renal	NIRS,	 and	 cerebrosplanchnic	 (CSR),	
i.e.	cerebral/splanchnic	NIRS.	Correlation	coef�icients	were	calculated	between	Doppler	
parameters	and	neonatal	NIRS.	These	analyses	were	carried	out	for	the	entire	group,	
and	separately	for	early	FGR	(cases	delivered	before	34	weeks’	GA)	and	late	FGR	(≥34	
weeks’	GA).	

Results
On	Days	1-3	postnatally,	 fetal	Doppler	parameters	 correlated	 strongly	with	neonatal	
NIRS:	UA	correlated	with	renal	NIRS	(Day	1:	rho	=	.454,	P <.01)	and	CRR	(Day	1:	rho	=	
-.517,	P<.001).	MCA	correlated	with	cerebral	NIRS	on	Days	2	and	3,	but	not	on	Day	1	
(Day	2:	rho=.469,	P<.01).	CPR	correlated	with	CRR	(Day	1:	rho	=.474,	P<.01).	In	early	
and	late	FGR	separately,	most	associations	lost	their	statistical	signi�icance.

Conclusion
Low	MCA	pulsatility	index	(PI)	and	low	CPR,	indicating	brain	sparing	before	birth,	are	
associated	with	low	CRR	after	birth,	indicating	relatively	greater	blood	volumes	to	the	
cerebrum	 than	 to	 the	 renal	 region.	Based	on	 the	 results	 from	 this	 study,	 it	 could	be	
speculated	that	if	brain	sparing	is	present	in	fetal	circulation,	it	persists	during	the	�irst	
three	days	after	birth.	
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Introduction 

The	circulation	of	growth-restricted	fetuses	adapts	to	diminished	availability	of	oxygen	
and	nutrients	in	such	a	way	as	to	spare	the	brain	-	a	mechanism	known	as	brain	sparing.
(1,2)	In	fetal	growth	restriction	(FGR),	it	is	under	debate	whether	brain	sparing	functions	
as	a	protective	mechanism,	or	whether	it	is	as	an	expression	of	circulatory	failure.(3,4)	
In	addition,	consequences	of	brain	sparing	might	be	different	between	early	FGR	and	
late	FGR.
	 Doppler	velocimetry	of	the	umbilical	artery	(UA)	and	of	the	middle	cerebral	artery	
(MCA)	 is	 a	 well-established,	 non-invasive,	 and	 reproducible	 method	 to	 measure	
fetoplacental	circulation.(2)	Abnormal	 �low	patterns	of	 the	UA	and	MCA	can	be	used	
as	an	indicator	of	the	severity	of	FGR	and	the	degree	of	fetal	hypoxemia.(5-8)	The	ratio	
between	the	cerebral	and	fetoplacental	circulation,	also	known	as	the	cerebroplacental	
ratio	(CPR),	i.e.	MCA/UA,	has	been	suggested	as	a	strong	predictor	of	fetal	outcome.(9-
13)	
	 Although	Doppler	adaptations	during	fetal	life	in	FGR	have	been	widely	studied,	little	
is	known	about	the	persistence	of	hemodynamic	adjustments	when,	after	birth,	chronic	
hypoxia	ceases.	Insight	into	circulatory	changes	of	the	growth	restricted	infant	may	aid	
neonatal	care.	
	 Near-infrared	 spectroscopy	 (NIRS),	 a	 light-based	 technology	 used	 to	measure	 the	
status	 of	 tissue	 oxygen,	 is	 a	 non-invasive	method	 to	 study	 neonatal	 hemodynamics.
(14-16)	NIRS	sensors	are	easily	applicable	and	do	not	disturb	the	vulnerable	neonate.	
Therefore,	 particularly	 in	 a	 neonatal	 intensive	 care	 setting,	 it	 is	 preferred	 over,	 for	
example,	 Doppler	 ultrasound.	 Previously,	 NIRS	was	 used	 solely	 to	measure	 cerebral	
perfusion.(17)	Lately,	multisite	NIRS	has	been	introduced.	It	provides	the	opportunity	
to	measure	not	only	the	cerebral,	but	renal	and	splanchnic	circulation	as	well	–	hence	the	
de�inition	multisite.(18-20)	Since	NIRS	measures	perfusion,	a	ratio	of	cerebral	to	renal	
and	cerebral	to	splanchnic	perfusion	can	be	calculated.(21)	These	ratios	may	represent	
neonatal	circulatory	distribution	and	are,	therefore,	a	possible	postnatal	equivalent	of	
the	fetal	Doppler	CPR.	
	 The	 aim	 of	 this	 study	was	 to	 investigate	whether	 in	 early	 and	 late	 FGR,	 Doppler	
velocimetry	 of	 the	 fetal	 circulation	 are	 associated	 with	 measurements	 of	 neonatal	
circulation.

Methods

A	 prospective	 observational	 cohort	 study	 was	 performed	 between	 June	 2012	 and	
September	 2014	 at	 the	 Department	 of	 Obstetrics	 and	 the	 Fetal	 Medicine	 Unit	 of	
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University	Medical	 Center	 Groningen	 (UMCG),	 in	 the	Netherlands.	 Exclusion	 criteria	
were	multiple	pregnancy,	structural	and/or	chromosomal	abnormalities,	or	evidence	
of	fetal	infection.	All	pregnancies	were	delivered	at	UMCG.	If	indicated,	neonates	were	
admitted	to	the	Neonatology	ward	of	the	same	hospital.	Data	on	obstetric,	birth,	and	
neonatal	characteristics	were	collected	 from	the	 two	departments.	Written	 informed	
parental	consent	was	obtained	in	all	cases.	The	study	was	approved	by	the	hospital’s	
Medical	Board	and	Medical	Research	Ethics	Committee.	
	 We	 de�ined	 FGR	 as	 fetal	 abdominal	 circumference	 or	 estimated	 fetal	weight	 (22)	
below	 the	 10th	 percentile,	 or	 de�lecting	 fetal	 growth	 of	 at	 least	 30	 percentiles	 with	
respect	 to	previous	measurements	 (reduced	growth	according	 to	 the	 fetus’	expected	
growth	potential).	On	average,	prior	to	maternal	admission,	fetal	Doppler	parameters	
were	measured	serially	once	a	week,	and	twice	a	week	for	the	duration	of	admission.	
We	 used	 the	measurement	 that	was	 closest	 to	 delivery,	with	 a	maximum	of	 1	week	
before	birth.	Measurements	included	PI	of	the	UA	and	MCA.	Care	was	taken	to	perform	
the	last	measurement	as	close	to	the	day	of	delivery	as	possible	and	never	at	an	interval	
of	more	than	one	week	to	delivery.	Left	and	right	maternal	uterine	artery	Dopplers	were	
measured	during	the	�irst	visit.	Two	experienced	operators	performed	all	the	Doppler	
measurements.	All	the	measurements	were	transformed	to	z	scores	(standard	deviation	
from	the	gestational	age	mean)	for	further	analysis.(23,24)	In	case	of	absent	end	diastolic	
�low	in	the	UA,	the	PI	was	calculated	by	manually	tracing	the	end	diastolic	velocity	along	the	
time	axis.	The	cerebroplacental	ratio	(CPR)	was	calculated	as	MCA	divided	by	UA.(9,11)	
	 For	postnatal	hemodynamic	measurements	we	used	the	INVOS	5100C	near-infrared	
spectrometer	 (Covidien,	 Mans�ield,	 MA,	 USA).	 NIRS	 is	 a	 non-invasive	 method	 to	
assess	 tissue	oxygen	delivery	and	consumption.	To	measure	NIRS,	we	used	neonatal	
SomaSensors	 (Covidien).	 The	 optical	 sensor	 measures	 the	 quantity	 of	 re�lected	
light	 photons	 as	 a	 function	 of	 two	 wavelengths	 (730	 and	 805	 nm)	 and	 determines	
the	 spectral	 absorption	 of	 the	 underlying	 tissue.	 As	 oxygenated	 and	 deoxygenated	
haemoglobin	 have	 distinct	 absorption	 spectra,	 NIRS	 can	 differentiate	 between	 the	
two.	The	ratio	of	oxygenated	haemoglobin	 to	 total	haemoglobin	re�lects	 the	regional	
tissue	oxygen	saturation	(rSO2)	of	the	underlying	tissue.(25-27)	When	transcutaneous	
arterial	oxygen	saturation	(spO2)	is	measured	simultaneously,	fractional	tissue	oxygen	
extraction	 (FTOE)	 can	 be	 calculated	 as	 FTOE	 =	 (spO2	-	 rSO2)/	 spO2.	 If	 tissue	 oxygen	
metabolism	is	constant,	FTOE	may	serve	as	an	indicator	of	tissue	perfusion.	More	blood	
�low	 to	a	 tissue	results	 in	a	 lower	FTOE,	whereas	 less	blood	 �low	results	 in	a	higher	
FTOE.	We	used	FTOE	as	a	measure	of	postnatal	tissue	perfusion.	We	then	calculated	the	
cerebrorenal	ratio	(CRR)	and	cerebrosplanchnic	ratio	(CSR)	as	cerebral	FTOE	divided	
by	 renal	 and	 splanchnic	FTOE,	 respectively.	NIRS	 sensors	were	placed	on	 the	 left	 or	
right	 frontoparietal	 side	of	 the	 infant’s	head	depending	on	 the	position	of	 the	 infant	
(cerebral),	on	the	left	lateral	posterior	�lank	(renal),	and	infraumbilical	on	the	central	
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abdomen	(splanchnic).	We	measured	rSO2	using	NIRS	during	a	2-hour	period	on	Days	1	
(within	18	hours	after	birth),	2,	3,	4,	5,	8,	and	15	after	birth.	

Statistical analyses
Mean	and	median	values	for	rSO2	and	FTOE	were	calculated	for	the	2-hour	recording	
period.	For	the	analyses	we	used	only	FTOE.	Spearman	rank	order	correlation	tests	were	
used	to	determine	correlations	between	Doppler	and	NIRS	parameters.	The	analyses	
were	repeated	for	the	early	FGR	group	(<	34	weeks’	GA)	and	the	late	FGR	group	(≥	34	
weeks’	GA).	Data	were	analysed	with	IBM	SPSS	Statistics	22	(IBM	Corp.,	Armonk,	NY,	
USA).	A	P	value	<	.05	was	considered	statistically	signi�icant.	

Results

Patient characteristics, Doppler measurements, and NIRS values
Characteristics	of	the	43	FGR	patients	included	in	the	study	are	reported	in	Table	1.	In	
Figure	1	we	show	the	distribution	of	z scores	of	mean	UtA,	UA,	MCA,	and	CPR	for	the	
entire,	early,	and	late	group.	In	Figure	2	we	present	the	percentage	of	abnormal	Doppler	
PI	scores	of	the	mean	of	the	left	and	right	uterine	artery	(UtA)	(>	95th	percentile),	UA	(>	
95th	percentile),	and	MCA	(<	5th	percentile)	for	the	entire,	early,	and	late	group.	In	seven	
out	of	43	cases	diastolic	�low	in	the	UA	was	absent,	and	reversed	in	one	case.	FTOE	of	the	
cerebral,	renal,	and	splanchnic	region	from	Day	1	to	15	in	early	and	late	FGR	are	shown	
in	Figures	3A,	B,	and	C.

Figure 1. Prenatal Doppler PI z scores of the left and right UtA, UA, and MCA and CPR in the FGR group, early, 
and late FGR
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Table 1. Patient characteristics

Early FGR Late FGR

Cases 20 23

Maternal	BMI	(kg/m2) 27.2	(19.1-34.7) 20.4	(17.7-36.0)

Caucasian	mother	 18	(90) 19	(83)

Caucasian	father 16	(84) 20	(87)

Antenatal	steroids	 19	(95) 2	(8)

Cesarean	section	 18	(90) 9	(39)

Preeclampsia	 6	(30) 1	(4)

HELLP	 3	(15) 0	(0)

(Stopped)	smoking*	 7	(35) 13	(57)

Gender	(male) 10	(50) 10	(44)

GA	at	scan 30	(25-32) 37	(33-39)

Days	between	Doppler	and	NIRS 2	(0-7) 2	(0-7)

GA	at	birth	(weeks) 31	(26-33) 38	(34-39)

BW	(grams) 1060	(560-1575) 2420	(1550-3035)

BW	z score	 -1.38	(-2.43	to	-.61) -1.56	(-3.17	to	.04)

BW	percentile 8	(1-27) 6	(1-52)

Head	circumference	at	birth	(cm) 25.7	(21.2-29.4) 31.0	(28.5-34.0)

Apgar	1’ 5.5	(2-9) 9	(2-9)

Apgar	5’ 7	(4-10) 9	(5-10)

pH	venous	(n	=	13/18)	 7.29	(7.02-7.37) 7.26	(7.15-7.41)

pH	arterial	(n	=	14/18) 7.24	(6.88-7.37) 7.21	(7.10-7.35)

Base	excess	(n	=	8/19) -3.5	(-11	to	-1) -6	(-10	to	-2)

Transcutaneous	oxygen		saturation	(%)** 95	(85-99) 98	(90-100)

NICU	admission	(days)	 20	(100) 4	(17)

Days	of	admission	 18.5	(0-90) 5	(2-24)

Mechanical	ventilation	 12	(60) 3	(13)

RDS	 12	(60) 0	(0)

BPD 4	(20) 0	(0)

Sepsis 4	(20) 0	(0)

NEC 2	(10) 0	(0)

IVH 2	(10) 0	(0)

Data given as median (min-max), or number (%). 
Abbreviations: FGR - fetal growth restriction, BMI - body mass index, NIRS – near-infrared spectroscopy, GA - 
gestational age, BW - birth weight, NICU – neonatal intensive care unit, RDS - respiratory distress syndrome, 
BPD - brochopulmonary dysplasia, NEC - necrotizing enterocolitis, IVH - intraventricular haemorrhage.
* Stopped smoking after the fi rst trimester of pregnancy or later
** Saturation on Day 1 during NIRS measurement
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Figure 2. Distribution in % of abnormal versus normal CPR and Doppler PI z scores (abnormal in black) of mean 
UtA, UA, and MCA

Number of measurements
In	two	cases,	MCA	PI	could	not	be	measured	at	the	last	examination	before	delivery	due	
to	the	degree	of	engagement	of	the	fetal	head	into	the	pelvis	and	as	a	consequence	only	
the	UA	PI	was	measured.	Cerebral	and	renal	rSO2	were	measured	in	all	43	infants	on	Day	
1	after	birth,	in	39	on	Day	2,	in	35	on	Day	3,	in	27	on	Days	4	and	5,	in	16	on	Day	8,	and	
in	9	on	Day	15.	Splanchnic	rSO2	was	measured	in	33	infants	on	Day	1	after	birth,	in	30	
on	Day	2,	in	25	on	Day	3,	in	17	on	Day	4,	in	16	on	Day	5,	in	11	on	Day	8,	in	5	on	Day	15.	
Decreasing	numbers	of	NIRS	measurements	were	due	to	the	infants	being	discharged,	
or,	alternatively,	in	case	of	splanchnic	NIRS,	to	the	presence	of	an	umbilical	catheter	in	
some	infants	who	had	been	admitted	to	the	neonatal	intensive	care	unit.

Correlation coeffi  cients between Doppler measurements and multisite NIRS
In	Tables	2A,	B,	and	C	we	present	the	correlation	coef�icients	between	fetal	Doppler	PI	
measurements	and	NIRS	values	on	Days	1	to	3	after	birth	for	all	FGR	cases	and	for	early	
and	late	FGR	separately.	Regarding	UA	PI	z scores,	highly	signi�icant	correlations	were	
found	with	cerebral	and	renal	FTOE,	CRR,	and	CSR.	Correlation	coef�icients	of	MCA	z 
scores	and	cerebral	FTOE	and	CSR	were	higher	on	Days	2	and	3	than	on	Day	1,	both	in	
the	entire	group	as	well	as	 in	 the	early	and	 late	FGR	subgroups	separately.	However,	
associations	 lost	 their	 statistical	 signi�icance	when	 groups	were	 separated.	 The	 one	
exception	was	the	correlation	coef�icient	of	MCA	z score	and	CSR	in	the	early	group	on	
Day	2.	For	MCA	z scores	and	CPR,	high	correlation	coef�icients	were	found	with	renal	
FTOE	and	CRR	in	the	entire	group.
	 We	 found	no	 signi�icant	 correlations	 for	 the	 entire	 group	 on	Days	 4,	 5,	 8,	 and	15	
except	for	UA	and	splanchnic	FTOE	on	Day	4	(r	.505	P =	.039)	and	Day	8	(r	.624	P =	.040),	
UA	and	CSR	on	Day	8	(r	-.718	P =	.028),	MCA	and	splanchnic	FTOE	on	Day	15	(r	.900	P =	
.037),	MCA	and	CRR	on	Day	15	(r	.850	P =	.004),	and	CPR	and	CRR	on	Day	15	(r	.700	P =	
.036)	In	early	FGR,	correlations	on	Days	4,	5,	8	were	not	signi�icant,	but	on	Day	15	only	
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Figure 3A. The course of cerebral FTOE in early and late FGR cases during the fi rst 15 days after birth. Boxplots 
represent median, interquartile ranges, and ranges.

Figure 3B. The course of renal FTOE in early and late FGR cases during the fi rst 15 days after birth. Boxplots 
represent median, interquartile ranges, and ranges.

Figure 3C. The course of splanchnic FTOE in early and late FGR cases during the fi rst 15 days after birth. 
Boxplots represent median, interquartile ranges, and ranges.
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MCA	and	CRR	were	signi�icantly	correlated	(r	.929	P =	.001).	In	late	FGR	correlations	on	
Days	4,	5,	8,	and	15	were	not	signi�icant	except	for	MCA	and	CSR	on	Day	4	(rho	.786	P =	
.021),	and	CPR	and	splanchnic	FTOE	on	Day	4	(rho	-.833	P =	.010).	These	results	are	not	
presented	in	a	table.

Table 2A. Correlation coeffi  cients (rho values) between UA z score and neonatal circulation 

Early + Late FGR Early FGR Late FGR

1
Days
2 3 1

Days
2 3 1

Days
2 3

Cerebral	FTOE -.247 -.208 -.354* -.140 -.037 -.357 -.131 .033 -.232

Renal	FTOE .454# .312 .406* .137 .268 .223 .345 .156 -.009

Splanchnic	FTOE .382* .001 .288 .723* -.322 -.433 .269 .021 .329

CRR -.517† -.465# -.563† -.316 -.294 -.518* -.491* -.215 -.182

CSR -.395* -.067 -.440* -.758* .212 -.500 -.318 .069 -.453

*P < .05  # P < .01 † P < .001. UA - umbilical artery, FGR - fetal growth restriction, FTOE - fractional tissue oxygen 
extraction, CRR - cerebrorenal ratio, CSR - cerebrosplanchnic ratio.

Table 2B. Correlation coeffi  cients (rho values) between MCA z score and neonatal circulation

Early + Late FGR Early FGR Late FGR

1
Days
2 3 1

Days
2 3 1

Days
2 3

Cerebral	FTOE .159 .469# .331 -.026 .222 .103 .072 .311 .309

Renal	FTOE -.332* -.060 -.375* -.137 .141 -.230 .194 .254 -.112

Splanchnic	FTOE -.238 -.248 -.202 -.517 -.301 .405 .057 -.090 -.168

CRR .456# .416# .504# .233 .098 .162 .039 .060 .297

CSR .169 .443* .435* .283 .733* .333 -.057 .155 .282

* P < .05  # P < .01 † P < .001. MCA - middle cerebral artery, FGR - fetal growth restriction, FTOE - fractional tissue 
oxygen extraction, CRR - cerebrorenal ratio, CSR - cerebrosplanchnic ratio.

Table 2C. Correlation coeffi  cients (rho values) between CPR and neonatal circulation

Early + Late FGR Early FGR Late FGR

1
Days
2 3 1

Days
2 3 1

Days
2 3

Cerebral	FTOE .154 .285 .339 .107 .149 .261 -.054 .051 .150

Renal	FTOE -.336* -.139 -.397* -.192 -.077 -.366 -.033 .231 -.174

Splanchnic	FTOE -.242 -.002 -.064 -.700* .368 .357 -.001 -.053 -.255

CRR .474# .398* .551# .421 .223 .460 .260 -.017 .263

CSR .154 .131 .289 .667 .067 .500 -.069 -.028 .265

*P < .05  # P < .01 † P < .001. CPR - cerebroplacental ratio, FGR - fetal growth restriction, FTOE - fractional tissue 
oxygen extraction, CRR - cerebrorenal ratio, CSR - cerebrosplanchnic ratio.
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Discussion 

This	 study	 demonstrated	 the	 continuity	 between	 hemodynamic	 adjustments	 before	
and	after	birth	in	case	of	FGR.	We	found	that	prenatal	Doppler	parameters,	indicative	of	
preferential	redistribution	of	blood	�low	to	the	brain,	were	associated	with	circulatory	
parameters	assessed	by	NIRS	after	birth.	Strong	associations	were	found	for	the	�irst	
three	days	after	birth	between	UA	and	renal	FTOE/CRR,	between	CPR	and	CRR,	between	
CPR	and	CSR	and,	 starting	 from	Day	2	after	birth,	between	MCA	and	cerebral	FTOE.	
To	 our	 knowledge	 this	 is	 the	 �irst	 study	 on	 associations	 between	 prenatal	 Doppler	
measurements	and	postnatal	multisite	NIRS	in	FGR	which	showed	that	hemodynamic	
adaptations	present	before	birth	continue	in	the	postnatal	period.	
	 Brain	sparing	continued	until	the	�irst	three	days	after	birth	as	seen	by	a	relatively	high	
cerebral	perfusion	(low	FTOE)	compared	to	renal	perfusion.	Prenatal	brain	sparing	can	
be	expressed	as	high	UA	and	low	MCA	PI	or	low	CPR.	These	parameters	were	positively	
associated	 with	 low	 cerebral	 FTOE	 and	 high	 renal	 FTOE,	 and	 negatively	 associated	
with	 low	CRR.	Since	 these	NIRS	values	can	be	 interpreted	as	postnatal	high	cerebral	
perfusion	in	relation	to	renal	perfusion,	our	data	suggest	that	hemodynamic	changes	
present	before	birth	persist	at	least	for	the	�irst	days	after	birth.	These	associations	lost	
signi�icance	starting	from	Day	4.	This	might	be	due	to	the	disappearance	of	the	brain	
sparing	effect,	or	alternatively,	to	the	decreasing	number	of	measurements	starting	from	
Day	4.	Since	no	other	studies	have	previously	reported	associations	between	prenatal	
Doppler	measurements	and	postnatal	NIRS	measurements,	we	are	unable	to	compare	
our	 results.	 Reports	 on	 solely	 cerebral	 FTOE	 in	 FGR	 do	 exist,	 but	 show	 con�licting	
results.	The	�irst	three	days	after	birth,	cerebral	FTOE	was	found	to	be	consistently	low	
in	SGA	infants,(17)	to	increase	in	severe	FGR	infants,(28)	and	is	relatively	high	in	very	
preterm	extremely	low	birth	weight	infants.(29)	These	differences	may	be	explained	by	
timing	of	the	measurements	and	group	characteristics.
	 In	this	study,	an	exception	to	the	continuation	of	brain	sparing	after	birth,	is	the	�irst	
postnatal	 day	where	MCA	 and	 cerebral	 FTOE	were	 not	 associated.	 Previous	 studies	
reported	a	lack	of	increase	in	left	ventricular	output	in	SGA	infants	the	�irst	days	after	
birth,	 measured	 with	 echocardiography.(30-32)	 Therefore,	 SGA	 infants	 seem	 to	 fall	
short	in	adapting	their	circulation	to	the	postnatal	situation.	Apparently,	on	the	�irst	day	
after	birth	an	acute	adaptation	occurs	after	FGR.	In	fetal	circulation	there	is	preferential	
blood	�low	to	the	fetal	brain	and	heart.(1)	We	speculate	that	the	sudden	change	in	blood	
gases	directly	after	birth	triggers	an	abrupt	reduction	of	preferential	blood	�low	to	the	
brain.	
	 Brain	 sparing	 is	 not	 as	 protective	 as	 previously	 thought,	 but	might	 contribute	 to	
neurological	de�icits.(33)	More	recent	studies	report	that	FGR	fetuses	with	an	abnormal	
MCA	PI	are	at	risk	of	abnormal	neurological	maturation	or	subtle	neurodevelopmental	
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de�icits.(3,4)	In	addition,	in	very	preterm	infants	fetal	brain	sparing	was	associated	with	
poor	cognitive	outcome.(34)	We	speculate	that	brain	sparing	induces	hyperoxygenation	
of	cerebral	tissue	after	birth.	Higher	regional	cerebral	tissue	oxygen	content	is	known	
to	 be	 associated	with	 poor	 cognition	 at	 three	 years.(35)	 Therefore,	 the	 presence	 of	
fetal	and	postnatal	brain	sparing	is	important	to	both	obstetricians	and	paediatricians.	
They	should	be	aware	that	circulatory	changes	in	FGR	could	be	prolonged	until	after	
birth.	Due	to	brain	sparing,	abdominal	organs	are	vulnerable	and	are	therefore	more	
susceptible	 for	 e.g.	 sepsis.	 Paediatricians	 should	 be	 aware	 of	 the	 vulnerability	 of	
abdominal	organs	of	FGR	infants	born	after	prenatal	brain	sparing.	In	addition,	brain	
sparing	could	represent	a	risk	factor	for	later	neurodevelopmental	abnormalities.	
	 Associations	between	prenatal	Doppler	velocimetry	and	postnatal	NIRS	measurements	
seem	 to	 be	mainly	 determined	 by	 the	 early	 FGR	 group.	 Correlations	 (R	 values)	were	
not	 statistically	 signi�icant	 for	 separate	 groups,	 nevertheless	 they	 were	 high	 in	 early	
FGR.	We	offer	two	possible	explanations	for	the	predominance	in	the	early	FGR	group.	
Firstly,	most	of	the	early	FGR	cases	were	born	preterm	due	to	the	severity	of	their	growth	
restriction	and	may,	therefore,	have	had	more	pronounced	blood	�low	redistribution.	The	
non-signi�icant	associations	in	the	growth	restricted	groups	when	they	were	considered	
separately	might	then	have	been	due	to	the	smaller	sample	sizes.	The	second	explanation	
might	be	the	difference	in	renal	and	splanchnic	FTOE	due	to	prematurity.	Previous	studies	
reported	lower	mean	renal	and	splanchnic	rSO2	values	in	preterm	infants	than	in	term	
infants.(36,37)	Lower	rSO2	values	correspond	with	higher	FTOE	values.	We	also	found	
higher	FTOE	values	in	the	renal	and	splanchnic	regions	in	preterm	infants,	compared	with	
term	infants.	It	suggests	that,	apart	from	FGR,	preterm-born	infants	have	a	relatively	low	
perfusion	of	the	abdominal	area	in	the	�irst	days	after	birth,	compared	with	term	infants.	
We	speculate	that	this	might	be	due	to	immaturity	of	the	abdominal	organs	in	preterm	
infants.	As	a	consequence,	CRR	and	CSR	have	more	extreme	values	in	the	early	FGR	group,	
which	might	explain	the	fact	that	correlations	between	Doppler	measurements	and	NIRS	
ratios	were	especially	present	in	the	preterm	group.	
	 This	 study	 has	 several	 strengths	 and	 limitations.	We	 performed	NIRS	 at	multiple	
sites	and	during	the	�irst	two	weeks	after	birth,	which	implies	a	very	extensive	neonatal	
follow-up.	We	 also	 recognize	 some	 limitations.	 Associations	were	 found	 in	 the	 total	
group,	but	 they	 lost	 signi�icance	when	 the	early	 and	 late	FGR	groups	were	analyzed	
separately.	This	may	be	due	 to	 the	small	 sample	sizes	of	 the	subgroups.	We	also	did	
not	 include	 a	 control	 group,	 as	Doppler	measurements	 and	NIRS	 are	not	performed	
routinely	as	part	of	the	standard	care	of	healthy	fetuses	and	infants.	Another	limitation	
is	the	unknown	duration	of	brain	sparing	before	birth.	We	only	included	the	last	Doppler	
measurement	 before	 birth.	 Therefore,	 we	 could	 not	 investigate	 whether	 the	 FGR	
fetuses	with	prolonged	brain	sparing	were	the	ones	showing	cerebral	vasodilatation	as	
neonates.	Moreover,	we	did	not	perform	follow-up	at	later	age.	
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	 In	conclusion,	prenatal	hemodynamic	changes	due	to	FGR	seem	to	persist	after	birth.	
Low	MCA	PI	and	low	CPR	before	birth,	indicating	brain	sparing,	are	strongly	associated	
with	 a	 low	 CRR,	 indicating	 a	 higher	 neonatal	 blood	 supply	 and,	 therefore,	 oxygen	
delivery	to	the	brain	compared	to	the	renal	region.	We	speculate	that	if	brain	sparing	is	
present	prenatally,	it	persists	for	the	�irst	three	days	after	birth.	
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