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1  | INTRODUC TION

Fetal growth restriction (FGR) is one of the leading causes of fetal 
and neonatal morbidity and mortality. Preeclampsia is also an im-
portant cause of fetal, neonatal, and maternal morbidity and mor-
tality. Decreased fetal growth and FGR can be caused by maternal 
factors (eg, hypertension, preeclampsia and maternal malnutrition), 
fetal factors (chromosomal abnormalities and multiple fetuses), or 
placental factors, but most cases are because of placental dysfunc-
tion.1 Maternal malnutrition and hypertension may be among the 

causes leading to the development of placental insufficiency, but 
nearly 60% of cases are idiopathic, where there is a physiological 
deficiency in the remodelling of the uterus and placental spiral arter-
ies, which reduces uteroplacental perfusion.1 Early- onset FGR (<32 
gestational week) is more severely associated with the phenotype 
impairment of placental perfusion causing chronic fetal hypoxia, fol-
lowed by in utero fetal cardiovascular adaptation.1 Late- onset FGR 
(>32 weeks of gestation) is the more common form (80% of FGRs) 
that usually leads to a lower degree of fetal hemodynamic adapta-
tion with a milder placental insufficiency.1
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Abstract
Aim: In this study, we aimed to investigate the soluble endoglin (sEng) levels in preg-
nant women with fetal growth restriction (FGR) and to examine the possible rela-
tion of the sEng levels with the time remaining to delivery and maternal and fetal 
complications.
Methods: A	total	of	42	pregnant	women	diagnosed	with	FGR	were	retrospectively	
reviewed.	Using	the	maternal	blood	samples	it	is	at	the	collected	24-	37	gestational	
weeks, the sEng levels were measured. Fetal biometry measurements, umbilical ar-
tery, uterine artery, middle cerebral artery Doppler indices were documented.
Results: Of all patients, 17 (40%) were diagnosed with early- onset FGR, while 25 
(60%)	were	diagnosed	with	late-	onset	FGR.	Abnormal	Doppler	findings	were	present	
in 25 (60%) patients. Of 42 newborns, 18 (42%) were hospitalised in the neonatal 
unit.	The	mean	sEng	level	calculated	by	taking	the	average	of	the	first	and	second	
blood samples was 63.24 ±	49.83	ng/mL.	There	was	no	statistically	significant	dif-
ference in the mean sEng levels between those who gave birth within four, three, 
and	two	weeks	after	the	diagnosis	of	FGR	and	those	who	did	not.	There	was	a	posi-
tive significant correlation between the mean sEng levels and systolic blood pressure 
(r = 0.319, P = .04).
Conclusions: We did not find a statistically significant relationship between the sEng 
level and the time remaining to the time of delivery in pregnant women with FGR. We 
found no statistically significant difference in sEng level between the groups in preg-
nant women with fetuses with FGR with or without maternal and fetal complications.
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Abnormal	placentation	is	defined	as	a	condition	that	occurs	in	the	
absence of trophoblastic invasion of spiral arterioles into the myo-
metrial strips.2 Placental insufficiency results from abnormal placen-
tal growth and this failure in the vascular alterations are considered 
to be the main pathology in FGR and preeclampsia.3 Reduced utero-
placental perfusion is the leading cause of FGR in a healthy fetus.4 
Placental abruption, FGR, and preeclampsia are diseases associated 
with	 placental	 dysfunction.	Angiogenic	 factors	 decrease	 and	 anti-	
angiogenic factors increase in conditions, such as FGR, preeclamp-
sia, unexplained fetal death and twin- twin transfusion syndrome. 
The	disruption	in	the	delicate	equilibrium	between	these	angiogenic	
and anti- angiogenic factors is the most important triggering factor 
in the underlying mechanism of placental dysfunction and endo-
thelial damage. Demonstrating the imbalance between angiogenic 
and anti- angiogenic factors as the cause of placental dysfunction 
in the pathophysiology is useful in establishing early diagnosis and 
prognosis.5

Soluble	 endoglin	 (sEng),	 a	 soluble	 coreceptor	 of	 transforming	
growth	factor-	beta	1	(TGF-	β1) and transforming growth factor- beta 
3	 (TGF-	β3), is an anti- angiogenic protein and inhibits angiogenesis 
by	 antagonising	 the	 effect	 of	 TGF-	β. Endoglin (Eng) inhibits nitric 
oxide	 synthesis	mediated	by	TGF-	β in endothelial cells by antago-
nising	the	effect	of	TGF-	β1.	Abnormal	Engexpression	plays	a	role	in	
several vascular diseases such as telangiectasia, preeclampsia, sys-
temic sclerosis, endometriosis, and tumour angiogenesis.6- 8	Similar	
to the level of sFlt- 1, the level of sEng has been shown to increase in 
the placentas of preeclamptic pregnant.9 In addition, the sEng lev-
els increase in the maternal blood weeks before the appearance of 
clinical signs of preeclampsia.9	The	combination	of	Eng	with	sFlt-	1	
has strengthened endothelial dysfunction with more severe clinical 
sings	 of	 preeclampsia,	 including	 glomerular	 endotheliosis,	 HELLP	
syndrome, cerebral oedema and eclampsia.10	However,	it	is	still	un-
clear that these findings are related to sEng level in FGR.

In the present study, we aimed to investigate the sEng levels in 
the pregnant women with FGR and to examine the possible relation 
of the sEng levels with the time remaining to delivery and maternal 
and fetal complications.

2  | MATERIAL S AND METHODS

This	 single-	centre,	 retrospective	 study	was	 conducted	 at	 Akdeniz	
University,	 Faculty	 of	 Medicine,	 Department	 of	 Obstetrics	 and	
Gynecology	from	August	2018	to	January	2020.	A	total	of	42	preg-
nant	women	with	FGR	who	participated	in	the	study	of	“To	investi-
gate the prognostic value of serial soluble fms- like tyrosine kinase- 1 
(sFlt- 1)/placental growth factor (PlGF) (sFlt- 1/PlGF) ratio measure-
ments in predicting the timing of delivery and maternal- fetal compli-
cations in singleton pregnancies with fetal growth restriction (FGR)” 
with	 the	 Project	 No	 TTU-	2019-	4143	were	 included.	We	 included	
pregnant women referred for FGR from 24 + 0 to 36 + 0 weeks 
of gestation. Multiple pregnancies and pregnant women having 
a fetus with major congenital anomalies were excluded from the 

study. Prior to the study, all patients were informed about the na-
ture	of	the	study	and	a	written	informed	consent	was	obtained.	The	
study	protocol	was	approved	by	the	Akdeniz	University,	Faculty	of	
Medicine, Clinical Research and Ethics Committee (26/08/2020- 
657).	The	study	was	conducted	in	accordance	with	the	principles	of	
the	Declaration	of	Helsinki.

Fetal growth restriction was defined as the sonographic esti-
mated fetal weight (EFW) below the 10th percentile.11 Early- onset 
FGR was defined as that diagnosed at 24- 32 weeks of gestation, 
while late- onset FGR was defined as that diagnosed >32 weeks of 
gestation.	 Abnormal	 Doppler	 findings	 included	 end-	diastolic	 flow	
loss, inverse flow, or umbilical artery Doppler indices above the 95th 
percentile of pulsatility index (PI), uterine artery Doppler indices 
above	the	95th	percentile	of	PI,	and	middle	cerebral	artery	 (MCA)	
Doppler indices below the 5th percentile of PI. Fetal Medicine 
Barcelona	 calculator	 application	 (Spanish	 v2017	 calculator)	 was	
used for Doppler calculation.12 Preeclampsia was diagnosed accord-
ing	to	the	National	High	Blood	Pressure	Education	Program	Working	
Group	on	High	Blood	Pressure	in	Pregnancy	criteria13 and defined as 
a	systolic	blood	pressure	of	≥140	mm	Hg	or	diastolic	blood	pressure	
of	≥90	mm	Hg	arising	after	20	weeks	of	gestation	and	proteinuria	
(≥300	mg	on	a	24-	hour	urine	collection).	The	patients	who	were	at	
24th– 34th weeks of gestation and expected delivery because of 
fetal distress within one week were administered corticosteroid 
for fetal lung maturation (two doses of betamethasone 12 mg/day, 
q.o.d.).	 The	 pregnant	 women	 expected	 delivery	 because	 of	 fetal	
distress within one week, before the 32nd weeks of gestation were 
given magnesium sulphate treatment for fetal neuroprotection 
(magnesium sulphate loading dose of 4.5 g, followed by 1 g/hour 
maintenance treatment over 24 hours).

What’s known

Endoglin is primarily expressed on endothelial cells and in-
duces pro- angiogenic proliferation and migration of these 
cells, it has also been demonstrated, erythroid precursors, 
syncytiotrophoblast,	 and	 stromal	 cells.	 Soluble	 endoglin	
(sEng)	 inhibits	 TGFβ1 binding to its receptor, disordering 
signalling and preventing stimulation of endothelial nitric 
oxide synthase and vessel dilatation and is known to be el-
evated in preeclampsia, fetal growth restriction and severe 
placental disease.

What’s new

In this study, we did not find a statistically significant re-
lationship between the sEng level and the time remaining 
to the time of delivery in pregnant women with FGR. We 
found no statistically significant difference in sEng level 
between the groups in pregnant women with fetuses with 
FGR with or without maternal and fetal complications.
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Archival	 plasma	 samples	 were	 collected	 from	 the	 antecubital	
vein on the day of diagnosis of FGR, at the time of conduct of Project 
No. Plasma from maternal blood samples was first collected when 
FGR	(estimated	fetal	weight	≤10th	percentile)	was	diagnosed	 (first	
sample) and then at one week after the diagnosis (second sample). 
TTU-	2019-	4143	and	centrifuged	at	+4°C at 4000 rpm for 5 minutes 
and	stored	at	−80°C	and	the	second	plasma	samples	collected	one	
week later were obtained. First and second samples were measured 
and the average of both samples was calculated, and the mean sEng 
was	estimated.	Using	these	samples,	maternal	sEng	levels	were	an-
alysed	 using	 the	 enzyme-	linked	 immunosorbent	 assay	 (ELISA)	 kit	
(Catalog	No.	E0316Hu;	Bioassay	Technology	Laboratory).	The	lower	
detection limit of the kit was 0.50 pg/mL, and the upper detection 
limit	was	200	00	pg/mL.	According	to	the	statement	of	the	manufac-
turer; intra- assay coefficient of variation (CV) of sEng kits was below 
8%,	while	the	inter-	assay	CV	was	below	10%.	The	sEng	levels	were	
analysed in the first and second samples separately and combined, 
and the average levels were recoded.

Blood pressure measurements during follow- up, fetal biometry 
measurements using ultrasound, umbilical artery, uterine artery, and 
MCA	Doppler	indices	were	documented.	Postnatal	data	of	pregnant	
women were also noted. Doppler abnormality was defined as at 
least	one	of	the	following:	UA	pulsatility	index	(PI)	>95th percentile, 
absent	or	reversed	diastolic	flow,	mean	UtA	PI	>95th percentile, and 
fetal	MCA	PI	<5th	percentile.	Adverse	perinatal	outcomes	were	de-
fined as preeclampsia, stillbirth, placental abruption, neonatal unit 
admission and neonatal death.

2.1 | Statistical analysis

Statistical	analysis	was	performed	using	the	SPSS	version	23.0	soft-
ware (IBM Corp.). Descriptive data were presented in mean ± stand-
ard	 deviation	 (SD),	 median	 (min-	max)	 or	 number	 and	 frequency,	
where applicable. Normality assumption was checked using the 
Shapiro-	Wilk	 test,	 skewness-	kurtosis	 values	 and	 q-	q	 plot	 graphs.	
The	Fisher’s	exact	test	was	used	to	analyse	categorical	variables.	The	
independent samples t test was performed to analyse the significant 
difference between the normally distributed numerical data of the 
two	groups.	The	Mann-	Whitney	U test was used, when the normal 
distribution	assumption	was	unmet.	The	Spearman	correlation	anal-
ysis was carried out to examine the relationship between the nu-
merical	variables.	A	P < .05 was considered statistically significant.

3  | RESULTS

A	total	of	42	pregnant	women	with	FGR	were	included	in	this	study.	
Corticosteroid treatment for fetal lung maturation and magne-
sium sulphate for fetal neuroprotection were administered to 11 
(26%) and 4 (9.5%) of the patients, respectively. Of all patients, 17 
(40%) were diagnosed with early- onset FGR, while 25 (60%) were 
diagnosed	 with	 late-	onset	 FGR.	 Abnormal	 Doppler	 findings	 were	

present in 25 (60%) patients. During follow- up, preeclampsia devel-
oped as a maternal hypertensive complication in six patients (14%). 
After	the	first	blood	sample	collection,	23	(55%)	of	the	patients	gave	
birth within four weeks, 20 (48%) within three weeks, and 11 (26%) 
within two weeks. Of 42 newborns, 18 (42%) were hospitalised in 
the	neonatal	unit.	The	overall	perinatal	survival	rate	was	97%.

The	mean	sEng	level	was	63.59	± 50.86 ng/mL in the first blood 
samples and 62.89 ±	49.38	ng/mL	in	the	second	blood	samples.	The	
mean sEng level calculated by taking the average of the first and sec-
ond blood samples was 63.24 ± 49.83 ng/mL. Maternal character-
istics	of	the	patients	are	summarised	in	Table	1.	Maternal	and	fetal	
outcomes	are	shown	in	Table	2.

There	was	no	statistically	significant	difference	in	the	mean	sEng	
levels between those who gave birth within 4, 3 and 2 weeks after 
the	diagnosis	of	FGR	and	those	who	did	not.	The	sEng	levels	in	pa-
tients who delivered within 2, 3 and 4 weeks in pregnancies with 
fetal	growth	restriction	are	presented	in	Table	3.	Median	(P50),	25th	

TA B L E  1   Maternal characteristics of the patients

Variable FGR (n = 42)

Maternal age 28.14 ± 6.17

Height 160.81 ± 6.04

Body weight 66.38 ± 10.7

BMI 25.73 ± 4.36

Nulliparous

No 24

Yes 18

Smoking	status

No 40

Yes 2

Alcohol	use

No 42

Yes 0

History	of	preeclampsia

No 41

Yes 1

History	of	FGR

No 39

Yes 3

Trombophilia

No 39

Yes 3

Low- dose acetylsalicylic acid

No 34

Yes 8

Low- dose heparin

No 38

Yes 4

Mean systolic blood pressure 107.67 ± 19.2

Mean diastolic blood pressure 70.24 ± 11.37
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percentile (P25) and 75th percentile (P75) of the data are presented 
in	Tables	3	and	4.

The	patients	with	FGR	were	divided	 into	 two	groups	 as	 those	
with	and	without	preeclampsia.	There	was	no	statistically	significant	
difference in the mean sEng levels between the FGR groups with 
and without preeclampsia (P = .495). In addition, the patients with 
FGR were divided into two groups as those with and without abnor-
mal	Doppler	 findings.	 There	was	 no	 statistically	 significant	 differ-
ence between the mean sEng levels in the FGR group with abnormal 
Doppler findings and in the FGR group without abnormal Doppler 
findings (P =	 .617).	There	was	no	statistically	significant	difference	
between the mean sEng levels in the early- onset FGR and late- onset 
FGR (P =	.337).	There	was	no	statistically	significant	difference	be-
tween the patients whose infants were hospitalised in the neona-
tal unit and the patients whose infants were not hospitalised in the 
neonatal unit (P =	.839).	Table	4	shows	sEng	levels	in	the	early-	late	
fetal growth restriction (FGR), who did develop preeclampsia- who 
did not develop preeclampsia, who were hospitalised in the neonatal 

unit- who were not hospitalised in the neonatal unit, who did have 
abnormal Doppler findings- who did not have abnormal Doppler 
findings.

According	 to	 the	 correlation	 analysis,	we	 found	 a	 positive	 and	
significant correlation between the mean sEng levels and systolic 
blood pressure (r = 0.319, P = .04).

4  | DISCUSSION

In the present study, we found no statistically significant relation-
ship between the mean sEng level and the time remaining to de-
livery	in	pregnant	women	with	FGR.	There	was	also	no	statistically	
significant difference in the mean sEng level between the groups in 
pregnant women diagnosed with FGR with or without maternal and 
fetal complications. On the other hand, we found a positive and sig-
nificant correlation between the mean sEng levels and systolic blood 
pressure.

In	a	 large-	scale,	case-	control,	prospective	study,	Aswold	et	al14 
collected serum samples from 26 000 pregnant women at 10th and 
23rd weeks of gestation. In the control group, the sEng levels re-
mained stable at 6 ng/mL until 26th week of gestation, followed by 
a	rapid	 increase.	The	sEng	 level	 in	pregnant	women	with	small	 for	
gestational	age	(SGA)	was	similar	to	the	control	group	until	the	16th	
gestational	week,	while	the	sEng	level	in	the	SGA	group	was	consis-
tently higher than the control group afterwards. In this study, the 
women with high sEng (highest third) at the second sampling had 
nearly	 3.5-	fold	 increased	 risk	 for	 SGA.	 Similarly,	 in	 previous	 stud-
ies,	pregnant	women	with	SGA	had	higher	sEng	levels.9,15 Zamarian 
et al16 examined the sEng levels in 66 pregnant women at 24th– 41st 
weeks of gestation who were diagnosed with FGR and 64 healthy 
pregnant	women	as	the	control	group.	The	sEng	levels	were	signifi-
cantly higher in the FGR group, compared with the control group.

The	increase	in	the	sEng	level	in	preeclamptic	pregnant	women	
was also shown in the study of Reddy et al.17	Similarly,	in	a	retrospec-
tive	study,	Stepan	et	al18 found significantly higher sEng concentra-
tions in the maternal blood in the preeclampsia group, compared 
with the control group. In the FGR group, the maternal sEng level 
was also significantly higher than the control group. In our study, the 
mean sEng level was significantly higher in the FGR group, consis-
tent with the literature. In the study conducted by Laskowska et al,19 
serum Eng levels were compared between the control group, FGR 
group, preeclampsia group, and preeclampsia group associated with 
FGR.	Serum	Eng	levels	of	pregnant	women	in	the	FGR	group	was	sig-
nificantly	higher	than	the	control	group.	The	highest	sEng	level	was	
found in the FGR group with preeclampsia, indicating a statistically 
significantly higher level than the control group and the FGR group. 
The	sEng	level	in	the	preeclampsia	group	was	also	significantly	higher	
than	the	control	group.	Serum	Eng	 levels	were	found	to	be	higher	
in	pregnant	women	with	HELLP	syndrome	and	eclamptic	pregnant	
women. Furthermore, the authors found a positive correlation be-
tween the systolic blood pressure and sEng levels in FGR and pre-
eclampsia groups. In all groups, there was also a positive correlation 

TA B L E  2   Maternal and fetal outcomes

Maternal and fetal outcomes FGR (n = 42)

Gestational age at the time of FGR diagnosis 31.73 ± 3.16

EFW at the time of FGR diagnosis 1536.79 ± 520.19

EFW percentile at the time of FGR diagnosis 4.57 ± 2.05

Abnormal	Doppler	findings	at	the	time	of	FGR	diagnosis

No 17

Yes 25

Time	from	FGR	diagnosis	to	delivery	(day) 30.4 ± 20.72

Gestational age at the time of delivery (week) 36.19 ± 3.11

Birth weight 2091.02 ± 683.66

Birth percentile 5.79 ± 14.48

Type	of	delivery

Vaginal delivery 5

C/S 37

5.	min	APGAR	score	<7 4

Admission	to	neonatal	unit

No 24

Yes 18

Corticosteroid used for fetal maturation

No 31

Yes 11

Magnesium sulphate used for fetal neuroprotection

No 38

Yes 4

Maternal hypertensive complications

No 36

Yes 6

1. sEng (ng/mL) 63.59 ± 50.86

2. sEng (ng/mL) 62.89 ± 49.38

Mean 1. and 2. sEng (ng/mL) 63.24 ± 49.83
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between the sEng level and diastolic blood pressure. In our study, 
the mean sEng level in the FGR group with preeclampsia was found 
to be significantly higher than in the FGR group without preeclamp-
sia; however, the difference did not reach statistical significance. 
Similarly,	in	our	study,	we	found	a	positive	and	significant	correlation	
between the mean sEng levels and systolic blood pressure, but not 
diastolic	blood	pressure.	 In	a	 study	by	Toft	et	al,20 the expression 
of placental Eng was significantly higher in the pregnant women di-
agnosed	with	FGR	with	SGA	and	preeclampsia,	compared	with	the	
preeclampsia	and	FGR	groups.	Additionally,	Masuyama	et	al21 and 
Purwosunu et al22 found the increased Eng levels in the placentas of 
preeclamptic pregnant women with a positive correlation between 
the	systolic	blood	pressure	and	Eng	and	Eng	mRNA	levels.

Furthermore, Nanjo et al23 examined maternal serum angiogenic 
marker profiles within one week prior to delivery in 165 women with 
singleton pregnancies with gestational hypertension, preeclampsia, 
and/or	FGR	with	distinct	 clinical	 conditions.	The	 sEng	 level	 in	 the	
preeclampsia group was found to be significantly higher than the 
term	controls.	The	values	in	pregnant	women	with	preeclampsia	and	
diagnosed with FGR were comparable to those in the preeclampsia 
group.	However,	 the	sEng	 level	 in	the	FGR	group	was	significantly	
higher than the control group. In the group with preeclampsia and 
FGR coexistence, the sEng level was significantly higher than the 
group with those with preeclampsia or FGR only. On the other hand, 
in	a	study	conducted	by	Jeyabalan	et	al,24 higher sEng levels were 
found in the preeclampsia group, compared with normal pregnant 
women; however, there was no significant difference in the sEng 
levels between pregnant women diagnosed with FGR and healthy 
pregnant women.

Currently, there is no effective antenatal treatment for FGR, 
so delivery of the fetus is the only viable option for a severely af-
fected pregnancy.25	However,	here	in	the	management	of	pregnancy	
complicated with FGR; It is necessary to establish a good balance 
between organ development below its potential because of conical 
hypoxia, the need for intensive care after early postpartum and the 
risks of morbidity because of intensive care. Early recognition of 
FGR	and	close	follow-	up	with	Doppler,	NST	and	biochemical	mark-
ers and good planning of delivery time seem to be the most import-
ant factors in reducing fetal mortality and morbidity.

Although	we	found	no	significant	correlation	between	the	sEng	
levels and time remaining to delivery, we found a positive signifi-
cant correlation between the mean sEng levels and systolic blood 
pressure. We believe that these findings would provide a contribu-
tion to the body of knowledge in the literature. Nonetheless, the 
relatively	low	sample	size,	particularly	those	with	preeclampsia	and	
FGR coexistence, and retrospective nature of the study are the main 
limitations.

5  | CONCLUSIONS

In conclusion, we did not find a statistically significant relation-
ship between the sEng level and the time remaining to the time of 

delivery in pregnant women with FGR. We found no statistically 
significant difference in sEng level between the groups in preg-
nant women with fetuses with FGR with or without maternal and 
fetal complications.

Further large- scale, prospective studies are warranted to gain a 
better understanding of the role of sEng in this patient population 
and to elucidate the relation of sEng levels with maternal and fetal 
complications and delivery time.

E THIC S APPROVAL AND CONSENT TO PARTICIPATE
The	study	protocol	was	approved	by	the	Akdeniz	University,	Faculty	
of Medicine, Clinical Research and Ethics Committee (26/08/2020- 
657).	The	study	was	conducted	in	accordance	with	the	principles	of	
the	Declaration	of	Helsinki.

DISCLOSURE S
The	authors	have	declared	no	disclosures.

AUTHORS’  CONTRIBUTIONS

MED designed the study, collected data, interpreted the data and 
wrote the manuscript and contributed to revision of the manuscript. 
AD	designed	the	study,	 interpreted	the	data	and	wrote	the	manu-
script and contributed to revision of the manuscript. IM design the 
study	and	contributed	to	revision	of	the	manuscript.	CS	contributed	
to	 revision	 of	 the	manuscript.	 SO	 and	 IOK	made	 the	 biochemical	
analysis.	HK	contributed	to	revision	of	the	manuscript.	All	authors	
read and approved the final manuscript.

DATA AVAIL ABILIT Y S TATEMENT
Raw	data	of	the	study	are	available	upon	request	to	the	correspond-
ing author.

ORCID
Merve Erol Deniz  https://orcid.org/0000-0003-3806-0407 
Alparslan Deniz  https://orcid.org/0000-0003-1421-9962 
Inanc Mendilcioglu  https://orcid.org/0000-0001-5611-5518 
Cem Yasar Sanhal  https://orcid.org/0000-0003-0007-5769 
Sebahat Ozdem  https://orcid.org/0000-0002-0619-1405 
Ikbal Ozen Kucukcetin  https://orcid.org/0000-0002-4541-013X 

R E FE R E N C E S
	 1.	 Malhotra	A,	Allison	BJ,	Castillo-	Melendez	M,	et	al.	Neonatal	mor-

bidities of fetal growth restriction: pathophysiology and impact. 
Front Endocrinol (Lausanne). 2019;10:55.

	 2.	 Robertson	WB,	Brosens	I,	Pijnenborg	R,	et	al.	The	making	of	placen-
tal bed. Eur J Obstet Gyn R B. 1984;18:255- 266.

	 3.	 Kingdom	JCP,	Kaufmann	P.	Oxygen	and	placental	villous	develop-
ment: origins of fetal hypoxia. Placenta. 1997;18:613- 621.

	 4.	 Nardozza	LM,	Araujo	JE,	Barbosa	MM,	et	al.	Fetal	growh	restriction	
: current knowledge to the general Obs/Gyn. Arch Gynecol Obstet. 
2012;286(1):1- 13.

	 5.	 Maynard	 SE,	 Min	 JY,	 Mechan	 J,	 et	 al.	 Excess	 placental	 soluble	
fms- like tyrosine kinase 1 (sFlt1) may contribute to endothelial 

 17421241, 2021, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijcp.14840 by A

L
A

N
Y

A
 A

L
A

A
D

D
IN

 K
E

Y
K

U
B

A
T

 U
N

I, W
iley O

nline L
ibrary on [24/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-3806-0407
https://orcid.org/0000-0003-3806-0407
https://orcid.org/0000-0003-1421-9962
https://orcid.org/0000-0003-1421-9962
https://orcid.org/0000-0001-5611-5518
https://orcid.org/0000-0001-5611-5518
https://orcid.org/0000-0003-0007-5769
https://orcid.org/0000-0003-0007-5769
https://orcid.org/0000-0002-0619-1405
https://orcid.org/0000-0002-0619-1405
https://orcid.org/0000-0002-4541-013X
https://orcid.org/0000-0002-4541-013X


     |  7 of 7EROL DENIZ Et aL.

dysfunction, hypertension, and proteinuria in preeclampsia. J Clin 
Invest. 2003;111:649- 658.

	 6.	 ten	 Dijke	 P,	 Goumans	 MJ,	 Pardali	 E.	 Endoglin	 in	 angiogenesis	 
and vascular diseases. Angiogenesis. 2008;11(1):79- 89. 10.1007/
s1045 6-  008:9101- 9

	 7.	 Wipff	 J,	 Avouac	 J,	 Borderie	 D,	 et	 al.	 Disturbed	 angiogenesis	 in	
systemic sclerosis: high levels of soluble endoglin. Rheumatology 
(Oxford). 2008;47:972- 975.

	 8.	 Fujishita	A,	Hasuo	A,	Khan	KN,	et	al.	 Immunohistochemical	study	
of	angiogenic	factors	 in	endometrıum	and	endometriosis.	Gynecol 
Obstet Invest. 1999;48(1):36- 44.

	 9.	 Levine	RJ,	Lam	C,	Qian	C,	et	al.	CPEP	Study	Group	2006	Soluble	 
endoglin and other circulating antiangiogenic factors in preeclamp-
sia. N Engl J Med. 2006;355(10):992- 1005.

	10.	 Maharaj	 AS,	 Walshe	 TE,	 Saint-	Geniez	 M,	 et	 al.	 VEGF	 and	 TGF-	
beta	are	 required	 for	 the	maintenance	of	 teh	choroid	plexus	and	
ependyma. J Exp Med. 2008;205:491- 501.

	11.	 American	College	of	Obstetricians	and	Gynecologists.	Fetal	growth	
restriction. practice bulletin no. 204 [Internet]. 2019. http://www.
acog.org.	Accessed	December	13,	2019.

 12. Calculators. Fetal medicine Barcelona [Internet]. 2021. https://
medic	inafe	talba	rcelo	na.org.	Accessed	Aug	3,	2021.

	13.	 Tranquilli	 AL,	 Dekker	 G,	Magee	 L,	 et	 al.	 The	 classification,	 diag-
nosis and management of the hypertensive disorders of preg-
nancy:	a	 revised	statement	 from	the	 ISSHP.	Pregnancy Hypertens. 
2014;4(2):97- 104.

	14.	 Aswold	BA,	Vatten	LJ,	Romundstad	PR,	et	al.	Angiogenic	factors	in	
maternal circulation and the risk of severe fetal growth restriction. 
Am J Epidemiol. 2011;173:630- 639.

	15.	 Erez	O,	Romero	R,	Espinoza	J,	et	al.	The	change	in	concentrations	of	
angiogenic and anti- angiogenic factors in maternal plasma between 
the first and second trimesters in risk assessment for the subse-
quent	development	of	preeclampsia	and	small-	for-	gestational	age.	
J Matern- Fetal Neo M. 2008;21(5):279- 287.

	16.	 Zamarian	 AC,	 Junıor	 EA,	 Daher	 S,	 et	 al.	 Evaluation	 of	 biochemi-
cal markers combined with uterine artery Doppler parameters in  
fetuses with growth restriction: a case- control study. Arch Gynecol 
Obstet. 2016;294(4):715- 723.

	17.	 Reddy	 A,	 Suri	 S,	 Sargent	 IL,	 et	 al.	 Maternal	 circulating	 levels	 of	 
activin	 A,	 Inhibin	 A,	 sFlt-	1	 and	 endoglin	 at	 parturition	 in	 normal	
pregnancy and preeclampsia. PLoS One. 2009;2(2):44- 53.

	18.	 Stepan	H,	Kramer	T,	Faber	R.	Maternal	plasma	concentrations	of	
soluble endoglin in pregnancies with intrauterine growth restric-
tion. J Clin Endocrin Metab. 2007;92:2831- 2834.

	19.	 Laskowska	M,	 Laskowska	 K,	 Oleszczuk	 J.	 Endoglin	 in	 pregnancy	
complicated by fetal intrauterine growth restriction in normo-
tensive and preeclamptic pregnant women: a comparison be-
tween preeclamptic patients with appropriate- for- gestational- age 
weight infants and healthy pregnant women. J Matern- Fetal Neo M. 
2012;25(6):806- 811.

	20.	 Toft	 JH,	 Lian	 IA,	 Tarca	 AL,	 et	 al.	Whole-	genome	microarray	 and	
targeted analysis of angiogenesis- regulating gene expression (ENG, 
FLT1,	 VEGF,	 PlGF)	 in	 placentas	 from	 pre-	eclamptic	 and	 small-	
for- gestational- age pregnancies. J Matern- Fetal Neo M. 2008;21:  
267- 273.

	21.	 Masuyama	 H,	 Nakatsukasa	 H,	 Takamoto	 N,	 et	 al.	 Correlation	 
between soluble endoglin, vascular endothelial growth factor  
receptor- 1, and adipocytokines in preeclampsia. J Clin Endocrinol 
Metab. 2007;92:2672- 2679.

	22.	 Purwosunu	 Y,	 Sekizawa	 A,	 Farina	 A,	 et	 al.	 Evaluation	 of	 physio-
logical alterations of the placenta through analysis of cell- free 
Messenger ribonucleic acid concentrations of angiogenic factors. 
Am J Obstet Gynecol. 2008;198:124.e1- 124.e7.

	23.	 Nanjo	S,	Minami	S,	Mizoguchi	M,	et	al.	Levels	of	serum-	circulating	
angiogenic factors within 1 week prior to delivery are closely re-
lated to conditions of pregnant women with pre- eclampsia, ges-
tational hypertension, and/or fetal growth restriction. J Obstet 
Gynaecol Re. 2017;43(12):1805- 1814.

	24.	 Jeyabalan	A,	McGonigal	S,	Gilmour	C,	et	al.	Circulating	and	placental	
endoglin concentrations in pregnancies complicated by intrauterine 
growth restriction and preeclampsia. Placenta. 2008;29:555- 563.

	25.	 Parker	SE,	Werler	MM.	Epidemiology	of	ischemic	placental	disease:	
a focus on preterm gestations. Semin Perinatol. 2014;38:133- 138.

How to cite this article:	Erol	Deniz	M,	Deniz	A,	 
Mendilcioglu	I,	et	al.	Serial	measurement	of	soluble	endoglin	
for risk assessment at the diagnosis of fetal growth restriction. 
Int J Clin Pract. 2021;75:e14840. https://doi.org/10.1111/
ijcp.14840

 17421241, 2021, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijcp.14840 by A

L
A

N
Y

A
 A

L
A

A
D

D
IN

 K
E

Y
K

U
B

A
T

 U
N

I, W
iley O

nline L
ibrary on [24/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1007/s10456-008:9101-9
https://doi.org/10.1007/s10456-008:9101-9
http://www.acog.org
http://www.acog.org
https://medicinafetalbarcelona.org
https://medicinafetalbarcelona.org
https://doi.org/10.1111/ijcp.14840
https://doi.org/10.1111/ijcp.14840

