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1. Introduction 
Recurrent miscarriage is a primary health problem for women 
of reproductive age, with at least two consecutive miscarriages 
before 20 weeks of gestation. It affects approximately 1% to 
5% of couples trying to conceive (1). Several conditions are 
involved in recurrent miscarriages, including antiphospholipid 
syndrome, acquired thrombophilia, and heritable 
thrombophilia, such as factor V Leiden and the prothrombin 
G20210A mutation, but half of the pregnancy losses remain 
unexplained (2). 

It is likely that unexplained recurrent pregnancy loss may 
reflect a prothrombotic situation and that miscarriage in 
affected women may be caused by thrombosis in decidual 
vessels. However, beyond the "thrombosis hypothesis", 
angiogenic imbalance is an important cause of insufficient 
utero-placental circulation in the pathophysiology of recurrent 
miscarriage (3). Despite various discrepancies about the 
pathophysiology in the literature, many studies show that the 
treatment with heparin, aspirin or both is associated with a 

significantly higher rate of live births in women with a history 
of recurrent miscarriage (4, 5). Heparin has been reported to 
organize angiogenesis and support endovascular 
communication between the trophoblast and endothelial cells 
besides the anticoagulant effects (6). Regulation of 
angiogenesis is mainly controlled by the pro-angiogenic and 
anti-angiogenic factors released from the placental unit, such 
as placenta growth factor (PGF), vascular endothelial growth 
factor (VEGF), soluble FMS-like tyrosine kinase-1 (sFlt-1) 
and soluble endoglin. Heparin could demonstrate its 
effectiveness through complex interactions with pro-and anti-
angiogenic factors (7). The literature includes several in-vivo 
and in-vitro studies evaluating the effects of anticoagulation 
therapy on angiogenesis; however, little is known about the 
fetal side (7-9). It is well known that the abnormality of 
angiogenesis plays a critical role in certain prematurity 
complications such as retinopathy of prematurity and 
bronchopulmonary dysplasia (10). 
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In the current case-controlled prospective study, we aimed 
to investigate cord blood VEGF-A and sFlt-1 levels of women 
with recurrent miscarriages receiving anticoagulant treatment.  

2. Materials and Methods  
We conducted this study prospectively over 11 months (April 
2012–March 2013) at Hacettepe University School of 
Medicine. Our institution's ethics committee (12-HEK-033) 
approved the study, and we obtained informed consent from all 
families before including the infants in the study.  

2.1. Study population 
We included term infants (≥ 37 weeks of gestation) in the 
study. We prospectively included newborns whose mothers 
were treated with LMWH and low dose aspirin due to recurrent 
miscarriages. The control group consisted of healthy 
gestational age-matched infants born in the same period 
without an adverse perinatal outcome. We excluded infants 
with a history of antenatal cigarette or alcohol exposure, 
maternal infection, hypertension, pre-eclampsia, chronic renal 
or cardiac disease, thyroid disease, epilepsy active asthma. We 
also excluded infants with congenital heart disease and other 
congenital and chromosomal abnormalities if determined after 
birth. 

Two or more failed pregnancies before 20 weeks of 
gestation are considered recurrent miscarriages. We did not 
include biochemical, ectopic, and molar pregnancies. We 
excluded women who had uterine anatomic abnormalities, 
endocrine or chromosomal disorders, history of venous or 
arterial thromboembolism, and an exact indication for 
anticoagulant treatment during pregnancy rather than a 
recurrent miscarriage. We tested all participating women with 
recurrent miscarriages for acquired thrombophilia, 
antiphospholipid syndrome and heritable thrombophilia such 
as factor V Leiden, prothrombin G20210A, plasminogen 
activator inhibitor mutations and plasma activity levels of 
Protein C, Protein S and antithrombin.  

2.2. Treatment protocol 
We treated pregnant women diagnosed with recurrent 
miscarriages with enoxaparin (Clexane; Rhone-Poulet Rorer, 
France) subcutaneously in combination with low dose aspirin 
administered orally. We started both LMWH and aspirin 
treatments before six weeks of gestation in all cases. We 
maintained heparin treatment throughout delivery while 
stopping aspirin treatment approximately one week before 
delivery and noted the daily and cumulative doses of LMWH 
within the initiation time of the treatment. We calculated 
cumulative LMWH dosage between the multiplication of daily 
drug dose and total days of treatment.  

2.3. Analytic procedure 
We obtained mixed arterial-venous cord blood samples and 
temporarily stored them on ice upon delivery. We centrifuged 
all the samples at 3000 rpm within 15 min of collection. A 
technician, unaware of the patient's condition until assayed, 
aliquoted and froze serum at -80°C. We assayed the 

concentrations of VEGF-A and sFlt 1 in cord blood by ELISA 
(eBioscience, Bender MedSystems, Vienna, Austria), 
according to the protocol recommended by the manufacturer. 
The minimum detectable concentrations in the assays for 
VEGF-A and sFlt1 were 7.9 pg/ml and 30 pg/ml, respectively. 
The calculated overall inter-assay and intra-assay coefficients 
of variation were 4.3% and 6.2% for VEGF-A and 5.1% and 
5.5% for sFlt-1, respectively. 

2.4. Statistical analysis 
We carried out statistical analysis using Statistical Package for 
Social Sciences (SPSS) version 19 (IBM SPSS Statistics for 
Windows, Armonk, NY: IBM Corp; 2010) and calculated 
statistical differences between the studied groups using the 
Student t-test for the data normally distributed. We used the 
Mann-Whitney U-test for the data not normally distributed and 
the chi-square or Fisher's exact tests to compare categorical 
variables. We performed correlation between studied 
parameters using Spearman's coefficient of correlation. We 
considered differences to be statistically significant at P<0.05. 

3. Results 
We included Forty-four infants with a maternal LMWH and 
low dose aspirin usage during pregnancy in the study group 
and 42 healthy infants in the control group. There were no 
significant differences between the two groups' mean 
gestational ages, birth weight, gender and maternal ages (Table 
I). Median gravity was 3.5 (3-7) in the study group and 2 (1-5) 
in the control group (p=0.000). Median parities were 1 (1-3) 
and 1 (1-4) in the study and control groups, respectively 
(p=0.75). Mean first and fifth minute Apgar scores were 
significantly lower in the study group than in the control group 
(p=0.000).  

Table 1. Comparison of the characteristics of the study and control 
group 
Gestational age 
(weeks)*  37.2±0.6 37.4±0.7 0.18 

Birth weight (g)*  3013±358 3106±344 0.22 
Maternal age 
(years)*  30.4±5 30.7±4.7 0.79 

Gender M/F (%)  30/14 (68.2/31.8) 25/17 (59.5/40.5) 0.54 
Type of birth 
(NVD/CS)  6/38 (13.6/86.4) 9/33 (21.4/78.6) 0.40 

Apgar 1.minute*  8.3±0.9 8.9±0.4 0.00 
Apgar 5.minute*  9.2±1 9.9±0.3 0.00 
Gravida** (min-
max)  3.5 (3-7) 2 (1-5) 0.00 

Parity** (min-
max)  1 (1-3) 1 (1-4) 0.70 

VEGF (pg/ml)*  301.4±220.9 360.5±174.9 0.16 
sFlt-1 (pg/ml)*  530±610 380±520 0.52 
Cumulative 
LMWH dosage 
(mg)*  

6009±2067 -  

*Mean±standard deviation, **Median, M: male, F: female, NVD: Normal 
Vaginal Delivery, CS: Cesarean Section, VEGF: Vascular Endothelial Growth 
Factor, sFlt-1: soluble FMS-like tyrosine kinase-1, LMWH: Low Molecular 
Weight Heparin 
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We found the detectable thrombophilia etiologies of 
recurrent miscarriages as the following: Factor V Leiden 
heterozygous mutation in 8, plasminogen activator inhibitor 
heterozygous mutation in 2, Prothrombin G20210 A 
heterozygous mutation in 3 women, Protein C deficiency in 1, 
and Protein S deficiency in 1 woman (some women had two 
diagnoses) 

We measured the serum VEGF-A levels in all samples. The 
mean cord blood VEGF-A level was 301.4±220.9 pg/ml in the 
study group and 360.5±174.9 pg/ml in the control group 
(p=0.16). Twenty-nine of 86 samples were not within the 
detectable limit for sFlt-1 (18 in the study group and 11 in the 
control group). Cord blood sFlt-1 levels were 530 ± 610 pg/ml 
and 380 ± 520 pg/ml in study and control groups, respectively 
(p=0.52).  

Mothers received LMWH with a range of 20 to 60 mg per 
day. The cumulative mean maternal heparin dosage was 
6009±2067 mg. Women received 100 mg of aspirin per day 
and stopped approximately before one week of delivery. There 
was no correlation between the cumulative heparin dosage and 
serum VEGF-A level (r=-0.082 and p=0.59). Although it did 
not reach statistical significance, there was a trend of negative 
correlation between the cumulative heparin dose and serum 
sFlt-1 (r=-0.41 and p=0.051). 

4. Discussion 
This study shows that the circulating VEGF-A and sFlt-1 levels 
do not alter in women with recurrent miscarriages receiving 
anticoagulant treatment. While there is no correlation between 
the cumulative dose of enoxoparine and cord blood VEGF-A, 
there is a negative correlation between total enoxoparine dose 
and cord blood sFlt-1.  

Adequate uteroplacental blood flow during healthy 
pregnancies is necessary to maintain optimal fetal growth. 
Angiogenic growth factors play an essential role in 
cytotrophoblast differentiation, the remodeling of the spiral 
arteries, and the vascular development of the fetus (11). 
Angiogenic imbalance of the placenta is one of the prominent 
pathophysiologic mechanisms underlying pregnancy 
complications like recurrent miscarriage, pre-eclampsia, 
intrauterine growth restriction, and death (2, 12). 

VEGF and sFlt-1 appear to be promising biomarkers for 
understanding the pathophysiology of angiogenesis in such 
conditions (7). VEGF is a pro-angiogenic key mediator of other 
angiogenic pathways with mitogenic, anti-antiapoptotic, and 
vascular permeability-enhancing activities primarily for 
vascular endothelium. VEGF family consists of VEGF-A, 
VEGF-B, VEGF-C, VEGF-D and PGF. VEGF-A is the most 
important member of this family (13, 14). The effects of VEGF 
are mediated by binding to tyrosine kinase receptors, the two 
main ones being FMS-like tyrosine kinase 1 (Flt-1) and the 
fetal liver kinase-1 (Flk-1). Flt-1 is a weak transmembrane 
tyrosine kinase-type VEGF receptor expressed in vascular 

endothelial cells, placental trophoblast cells, macrophages and 
monocytes. The soluble form of the Flt-1 receptor (a variant 
with a ligand-binding domain) is generated through alternative 
splicing of the same pre mRNA that encodes Ft-1 and 
proteolytic cleavage of Flt's ectodomain sFlt-1. It captures free 
VEGF with high affinity and functions as a circulating VEGF 
antagonist. Thus, sFlt can inhibit the pro-angiogenic role of 
VEGF competitively (15, 16). 

It is known that VEGF and its receptor, sFlt-1, play a key 
role in cytotrophoblast differentiation and survival during 
placentation (17). In normal pregnancies, sFlt-1 increases 
excessively during gestation and decreases sharply soon after 
delivery. This condition suggests that the placenta is the 
primary origin of this circulating factor (18). Growing 
evidence shows that an altered balance between the levels of 
VEGF and sFlt-1 has been proposed as an indicator of placental 
hypoxia-ischemia and endothelial dysfunction leading to 
recurrent miscarriage (19). There are conflicting results on the 
levels and mRNA expressions of VEGF and sFlt-1 in women 
with recurrent miscarriage. In some studies, decreased sFlt-1 
levels in maternal blood are proposed as a potential marker for 
predicting the risk of recurrent miscarriage (20-22). On the 
other hand, other reports found placental expressions of sFLt-
1 and VEGF mRNA significantly higher in women with 
recurrent miscarriage than in the control group (19, 23). Wide 
variation of the study design and relatively low sample size 
might be the reasons for inconsistent results.  

A recent metanalysis showed that LMWH could decrease 
recurrent miscarriage with a history of women with three or 
more miscarriages (24). Although more solid and assured 
results are needed to clarify LMWH treatment's benefit, it is 
increasingly used to prevent recurrent miscarriage (25, 26).  

Favorable effects of heparin on trophoblast implantation 
and apoptosis inhibition suggest this treatment is a significant 
potential therapeutic agent in managing recurrent miscarriage 
(27). Most angiogenic proteins bind heparin and depend on 
heparan sulfate for their biological activities. Systemic heparin 
treatment may affect these proteins and vascular endothelial 
cells (28). Searle et al. suggested that heparin mobilized the 
sFlt-1 bound to heparan sulfate proteoglycans of the 
extracellular matrix into the circulation (2011). It has been 
shown that LMWH (enoxoparine) increases circulating levels 
of sFlt-1 and enhances urinary elimination in preeclamptic 
mothers (29). Also, a couple of other studies demonstrated that 
heparin elevates serum levels of sFlt-1 in vivo and in vitro (8, 
9, 30, 31). Again, in the study by Searle et al. (8), heparin 
strongly induced sFlt-1 release in patients who underwent 
coronary angiography and sFlt-1 returned to baseline values 6 
to 10 hours after heparin administration. In the study of 
Rosenberg et al. (9), sFlt-1 levels increased, and VEGF levels 
did not alter in women receiving heparin treatment in the third 
trimester compared to healthy controls. 

The same study evinced that upregulation in the levels of 
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sFlt-1 is generated from heparin-induced shedding of Flt-1 
receptor ectodomain both in vivo and in vitro (9). Recently, 
Moore et al. (32) clearly demonstrated that the placenta is a 
source of a large amount of sFlt-1, and chronic unfractionated 
heparin can display matrix-bound sFlt to the maternal 
circulation. In our study, cord blood sFlt-1 and VEGF-A levels 
did not alter within the maternal LMWH and low dose aspirin 
usage. Although numerous studies investigated the serum or 
plasma levels of sFlt-1 and VEGF in heparin-treated pregnant 
women, the circulatory profile of these factors has not been 
studied in the fetal site yet. As LMWH does not cross the 
placenta, non-altered cord blood levels may be a common 
condition. However, complex molecular interactions between 
the fetal and maternal side of the placenta under maternal 
anticoagulant therapy could not be ignored. The recognized or 
unrecognized causes of recurrent miscarriage and heparin 
usage may have different effects on circulating cord blood 
VEGF-A and sFlt-1 levels. Thus, further studies comparing 
women who have recurrent miscarriages with or without 
heparin treatment may be helpful to understand better the 
effects of anticoagulant treatment on the circulatory profile of 
cord blood angiogenic factors. It is common knowledge that 
heparin exerts its effects on VEGF and VEGF receptors in a 
dose and time manner (9, 33). Therefore, we calculated the 
cumulative LMWH dose for each woman during pregnancy 
and did not find any correlation between the heparin dose and 
the levels of both factors. Although the result did not reach 
statistical significance, the results indicate that there may be an 
association between the cumulative heparin dose and sFlt-1 
level (p=0.051 and r=-0.46). 

In conclusion, cord blood VEGF-A and sFlt-1 levels are not 
affected in women with recurrent miscarriage by maternal 
LMWH and low-dose aspirin treatment. These findings will 
improve our understanding of the complex interactions 
between maternal anticoagulant therapy and angiogenic factors 
on the fetal side. On the other hand, it is difficult to make a 
strong comment on the cord blood sFlt-1 level due to the low 
sample size. 
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