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ABSTRACT  
 

BACKGROUND 

Preeclampsia (PE) is a hypertensive disorder of pregnancy characterized by hypertension and proteinuria. 

The HELLP syndrome is the most severe form of PE. The aim of the present study was to determine different 

potential biomarkers that may help us perform an early diagnosis of the disease, assess on the severity of 

the disease, and/or predict maternal or fetal adverse outcomes. 

 

METHODS 

We measured serum levels of total and fetal circulating cell-free DNA (cfDNA), soluble endoglin, soluble 

form of vascular endothelial growth factor receptor, and placental growth factor in a healthy control group 

of pregnant women (n = 26), patients with mild (n = 37) and severe PE (n = 25), and patients with HELLP 

syndrome (n = 16). 

 

RESULTS 

We observed a gradual and strong relationship between all the biomarkers mentioned and the range of 

severity of PE, with the highest levels in patients with HELLP syndrome. Nevertheless, only the values of 

total cfDNA were able to significantly differentiate severe PE and HELLP syndrome (20 957 ± 2 784 vs. 43 

184 ± 8 647 GE/ml, P = 0.01). Receiver operating characteristic (ROC) curves were constructed (i) for the 

healthy group with respect to the groups with PE 

and (ii) for patients with PE with respect to the group with HELLP syndrome; sensitivity and specificity 

values at different cutoff levels were calculated in each case. The maximum ROC area under the curve value 

for PE and HELLP syndrome (with respect to controls) was 0.91 (P < 0.001) 

 

CONCLUSIONS 

The measured biomarkers of cell damage, angiogenesis, and antiangiogenesis may reflect the severity of 

PE, with higher levels in patients who develop HELLP syndrome. In addition, these biomarkers may also 

help predict adverse fetal and maternal outcomes. 

 

Keywords: angiogenic factors; antiangiogenic factors; blood pressure; cell-free DNA; HELLP syndrome; 

hypertension; hypertension in pregnancy; maternal-fetal adverse outcomes; preeclampsia. 

 



 

 

INTRODUCTION 

 

Preeclampsia (PE) is a hypertensive disorder of pregnancy that affects 2–8% of pregnancies and is 

characterized by the presence of hypertension and proteinuria, although the last is not required in the new 

definition of PE.1,2 Although the physiopathology of PE is not yet well under- stood, the presence of an 

ineffective placentation resulting in placental ischemia seems to play a key role in the development of the 

disease.3 One of the most severe syndromesrelated to PE is the so-called HELLP syndrome (hemolysis, 

 elevated liver enzymes, and low platelet count), resulting from microangiopathic hemolytic anemia, 

thrombocytopenia and hepatolysis.4 The HELLP syndrome has been related to 1% of cases of maternal 

mortality and about 20% of perinatal mortality.5  

Although the diagnosis of PE is mainly based on the measurement of maternal blood pressure and 

proteinuria, 

the sensitivity and specificity of these parameters are low to accurately predict adverse maternal and fetal 

outcomes in routine clinical practice.6 Therefore, there is an urgent demand for widely applicable and 

affordable tests that allow clinicians to accurately identify women at risk and to predict potential maternal 

and fetal complications. 

Different markers related to ischemia (such as circulating cell-free DNA [cfDNA]), and 

angiogenic/antiangiogenic factors (such as soluble endoglin [sEng], soluble vascular endothelial growth 

factor receptor [soluble FMS-like tyrosine kinase-1, sFlt-1], and placental growth factor [PIGF]), have been 

proposed as novel biomarkers in PE. In a preliminary report from our group,7 we observed a gradual and 

strong relationship between cfDNA levels and the severity of PE, with the highest levels corresponding to 

those patients with HELLP syndrome. Thus, cfDNA levels, both fetal and total, may represent a biomarker 

probably related to the aforementioned placental ischemia.5,8 In fact, its levels have been observed to be 

increased in pathologies involving ischemia9–12 or situations related to hypoxia, such as experimental acute 

pulmonary thromboembolism13 or obstructive sleep apnea–hypopnea syndrome.14 sEng, an antiangiogenic 

factor highly expressed on endothelial cell membranes and syncytiotrophoblasts,15 has been found to be 

higher in women with PE and to correlate with the severity of the symptoms.16 Similarly, sFlt-1 levels are 

increased and PIGF levels are decreased throughout gestation in patients with PE.17 

 

As far as we know, cfDNA, sEng, sFlt-1, and PIGF have not been previously studied together in patients 

with HELLP syndrome and compared with other severity stages of PE. Therefore, the main aim of our study 

was to measure these novel biomarkers in the third trimester of healthy pregnant women, in women with 

mild and severe PE and in patients with HELLP syndrome. The secondary aims of this study were (i) to 

determine the relationship between serum levels of cfDNA and adverse maternal-fetal outcomes in HELLP 

syndrome and (ii) to determine cutoff values of cell-free DNA that may predict the presence of HELLP 

syndrome among women with healthy pregnancy and/or PE. 

 

 

 

 



 

 

 

MATERIALS AND METHODS 

 

Participants 

 

Patients and controls were recruited at the Women’s Hospital of the Virgen del Rocio University Hospitals, 

Seville, Spain. We studied a control group of healthy pregnant women; healthy staff recruited at our hospital 

who consented to participate in the study and provided written informed consent (n = 26), patients with mild 

PE (n = 37), patients with severe PE (n = 25), and patients with HELLP syndrome (n = 16). The blood 

samples were collected at the time of disease onset in case of mild PE, severe PE, and HELLP groups and 

at gestational week 34 in the case of control group. 

 

The diagnosis and severity of PE were established according to the 2010 National Institute for Health and 

Care Excellence (NICE) clinical guidelines on hypertension in pregnancy18; the HELLP syndrome was 

diagnosed according to the criteria described by Sibai et al.,19 including a platelet count ≤150.000/μl, 

plasma aspartate aminotransferase levels ≥70 U/l, and the presence of schistocytes, lactic dehydrogenase 

levels ≥600 U/l, or bilirubin levels >1.2 mg/dl. Intrauterine growth restriction was defined as a fetus with an 

individualized weight percentile <10% and with asymmetry in several ultrasound measurements, including 

a significant decrease in abdominal perimeter compared with long bone length and bi-parietal diameter. We 

considered preterms all newborns that were born before the 37 weeks of pregnancy. The composite of Apgar 

score <8, neonatal intensive care unit admission, and fetal death was defined as neonatal adverse outcome. 

 

The exclusion criteria included patients suffering from any other disease related to ischemia and/or hypoxia; 

patients receiving treatment with angiotensin-converting enzyme inhibitors, angiotensin receptor blockers 

or statins; coexistence of any inflammatory or autoimmune disease; evidence of any chronic illness that in 

the opinion of the investigator contraindicated inclusion in the study (chronic hypertension and prior diabetes 

mellitus were allowed in patients with PE as these conditions are well-established common risk factors for 

the development of PE); hypercholesterolemia; current tobacco consumption; pre-pregnancy body mass 

index >35 kg/m2; and women who carried fetuses with chromosomal abnormalities or congenital 

malformations. In the control group, women with hypertensive disorders were excluded. The present study 

was approved by the Committee for the Review of Human Research at the Virgen del Rocio University 

Hospitals. All participants provided written informed consent before inclusion. This study was performed 

according to the principles of the Declaration of Helsinki and the Code of Federal Regulation regarding 

Protection of Human Subjects. 

 

Blood pressure measurement 

Brachial systolic and diastolic blood pressure were measured in seated position according to the 

recommendations of the Seventh Report of the Joint National Committee on Prevention, Detection, 

evaluation, and Treatment of High Blood Pressure.20 

 

sEng, sFlt-1, and PIGF measurements 
 

Blood samples were collected into tubes containing clot activator and separator gel. The samples were 

centrifuged at 3,000 rpm for 10 minutes within 3 hours from collection and the serum was then immediately 

stored in aliquots at −80 °C until testing. 

Maternal serum concentrations of sEng, sFlt-1, and PIGF were determined by high-sensitivity indirect 

sandwich enzyme-linked immunosorbent assay validated for serum determinations of the analytes (R&D 

Systems, Minneapolis, MN) using a modular analyzer power Wave XS (Biotek, Winooski, UT) following 

the manufacturer instructions. Each sample was analyzed in duplicate and the mean was taken as the final 

result. 



 

 

 

 

Total and fetal cfDNA measurement 
 

Maternal peripheral blood samples were centrifuged for 10 minutes at 3,500 rpm and the serum was frozen 

at −80 °C for later DNA extraction. Total cfDNA was extracted automatically from the stored serum samples 

(1 ml) using a Compact MagnaPure Instrument (Roche Diagnostics, Bassel, Switzerland). Total cfDNA was 

measured using a real-time quantitative PCR assay for the β-globin gene. Quantitative PCR analysis was 

performed using a LightCycler 480 Real- Time PCR Instrument (Roche Diagnostics) by 5′nuclease assay 

(Taqman assay).The cfDNA was resuspended in a final volume of 90 μl of RNase/DNase-free water, and 

the cfDNA was amplified in a total reaction volume of 20 μl, containing 2 μl of cfDNA, using 10 μl 

LightCycler 480 Probes Master (Roche Diagnostics), 0.4 μl 10 μM of primers (TIB MOLBIOL GmbH, 

Germany), and 0.2 μl 10 μM of Taqman probe (TIB MOLBIOL GmbH) 

The β-globin Taqman system uses the following primers: beta-globin-354F (5′-GTG CAC CTG ACT CCT 

GAG GAG A-3′); beta-globin-455R (5′-CCT TGA TAC CAA CCT GCC CAG-3′); and a dual-labeled 

fluorescent probe betaglobin- 402T (5′-(FAM) AAG GTG AAC GTG GAT GAA GTT GGT GG 

(TAMRA)-3′). The thermal profile was carried out using 2-minute incubation at 95 °C, followed by an initial 

denaturation step at 95 °C for 5 seconds, followed by 48 cycles of 20 seconds at 62 °C. Final size of the 

amplicon was 102 bp. To determinate the cfDNA concentration, we ran a standard dilution curve using a 

known concentration of a commercially available genomic DNA (DNA Control Kit—Roche Diagnostics). 

We used 4 serial 10-fold dilutions, which ranged from 1.5ng/μl–1.5pg/μl. 

 

 

To measure fetal cell-free DNA (cffDNA), 44 μl of template cfDNA were digested with 10U of a 

methylation-sensitive enzyme, BstUI (New England Biolabs, MA), at 60 °C for 16 hours. qRT-PCR analysis 

was performed using a PCR cycler CFX96 (Bio-Rad, CA). Ras-association domain family 1 isoform A 

(RASSF1A) and β-actin sequences were amplified simultaneously by a duplex PCR assay. The 

enzymedigested RASSF1A sequence was used to quantify cffDNA. The sequences of the primers and probes 

were designed as described previously.21,22 The reactions were set up in a total volume of 20 μl, containing 

6.8 μl of DNA after enzyme digestion, using 10 μl TaqMan Fast Advanced Master Mix (Applied 

Biosystems, Waltham, MA), 0.6 μl 10 μM of primers (Sigma-Aldrich, Germany), and 0.4 μl 10 μM of 

Taqman probe (Applied Biosystems). PCR conditions included a first denaturation/activation step at 50 °C 

for 2 minutes and at 95 °C for 20 seconds, followed by 50 cycles of 95 °C for 3 seconds and at 60 °C for 30 

seconds. When there was no amplification of β-actin after enzyme digestion the demonstrated 

hypomethylated RASSF1A gene had been digested completely. The amplification of postdigestion RASSF1A 

was performed and recorded. To determine the number of copies of RASSF1A in the serum sample, a 

calibration curve (logarithmic scale) was run in parallel with each analysis, plotting the threshold cycle 

against known concentrations of a serially diluted DNA reference samples (Control genomic 

DNA [Human], Applied Biosystems). 

All samples were analyzed in triplicated. Both in the measurement of cfDNA and in the measurement of 

cffDNA, a negative reaction and blank control were included to minimize the risk of contamination. A 

conversion factor of 6.6 pgof DNA per cell was used to express the result as number of  copies or genome 

equivalents (GE/ml). 

 

 

 

 

 



 

 

 

Statistical analysis 
 

 

Categorical variables are represented by absolute frequencies and percentages (n, %). Noncategorical 

variables are shown as mean •} SEM in case of normal distribution of the variables, and as median and 

interquartile range otherwise. 

The normality of the distributions was studied using the test of Saphiro–Willk. The Student’s t test and U 

Mann–Whitney test were used to compare noncategorical variables in the different groups in case of 

normally and nonnormally distributed variables, respectively. Categorical variables were compared with 

Pearson χ2 tests or Fisher’s exact test as appropriate. When comparing variables with more than 2 categories 

the analysis of variance test or the Kruskal–Wallis test were used for data normally and nonnormally 

distributed, respectively. A post-hoc analysis was performed using the test of Bonferroni. The relationships 

between quantitative variables were assessed by means of the Spearman test. Receiver operating 

characteristic (ROC) curves were created for total and fetal cfDNA, sEng, sFlt-1, PIGF and the sEng/ PIGF, 

and sFlt-1/PIGF ratios for the healthy control group with respect to PE (mild and severe) and HELLP 

syndrome, and for the PE groups (mild and severe) with respect to the HELLP syndrome. The area under 

the curve (AUC) and the accuracy, sensitivity, and specificity values were estimated for the different cutoff 

levels of the biomarkers. A P value <0.05 was considered significant. The 95% confidence intervals (95% 

CI) were calculated where appropriate. Statistical analyses were performed using IBM SPSS software 

(version 19.0; IBM, Armonk, NY).
  
 

RESULTS 
 
 

We studied 104 mother–offspring pairs (78 with PE and 26 controls). Based on the severity of PE, these 

women were classified as having mild PE (n = 37), severe PE (n = 25), and HELLP syndrome (n = 16). 

Maternal and neonatal characteristics at enrolment/onset are shown in Table 1. Briefly, 6 subjects in the PE 

group and 2 subjects in the HELLP group had preexisting chronic hypertension. Gestational age and fetal 

weight at enrollment/onset were lower in patients with severe PE and HELLP syndrome. Hemoglobin levels 

were similar among groups but platelet counts were lower in patients with HELLP syndrome. Aaspartate 

aminotransferase, lactic dehydrogenase, and urine protein excretion were higher in patients with HELLP 

syndrome. Table 2 describes the maternal and newborn characteristics at delivery. The gestational week at 

delivery was lower in 

those women with severe PE and HELLP syndrome compared with healthy and mild PE women. The 

number of cesarean delivery was higher in the PE/HELLP groups compared to controls. 



 

 

 

Table 1.   Maternal and neonatal demographic and at enrollment characteristics 
 

Healthy (n = 26) Mild PE (n = 37) Severe PE (n = 25) HELLP syndrome (n = 16) P for trend* 

Age (years) 34 [29–35] 32 [29–35] 34 [29.5–37.5] 33.5 [29.2–36.5] 0.739 

Primipara, n (%) 13 (52) 25 (69.4) 20 (80) 11 (66.7) 0.198 

IVF, n (%) 2 (7.7) 6 (16.2) 5 (20) 5 (31.3) NA 

Singleton pregnancy, n (%) 24 (92.3) 27 (73) 21 (84) 13 (81.3) 0.321 

Pregestational BMI (kg/m2) 22.8 [20.5–25] 27.4 [23.3–34.1] 23.2 [21.6–29.4] 24.4 [21.8–30.5] 0.06 

Previous medical history    

HT, n (%) 0 3 (8.1) 3 (12) 2 (12.5) NA 

DM, n (%) 0 1 (2.7) 1 (4) 1 (6.2) NA 

At enrollment/onset    

Gestational age (wk) 34 [30.7–39.2] 35 [33–36.5] 31 [29–33] 32 [29.5–35.7] 0.012 

Gestational weight (kg) – 2,101.5 ± 141.7 1,584.2 ± 123.2 1,866 ± 168.1 0.032 

Gestational diabetes, n (%) 1 (3.8) 2 (5.4) 0 0 NA 

IGR, n (%) 2 (7.1) 18 (38.3) 8 (27.6) 0 NA 

Proteinuria (mg/l) 0 358 (29) 425 (98) 382 (73) NA 

Highest SBP (mm Hg) 111 [89–123] 150 [140–162.5] 166.5 [151–170] 153 [140–181] <0.001 

Highest DBP (mm Hg) 71 [58–79] 95 [83.7–100] 93.5 [90–106.2] 93 [90–103] <0.001 

Antihypertensive use    

0 drug, n (%) 26 (100) 0 0 0 NA 

1 drug, n (%) – 17 (56.7) 1 (4.5) 6 (40)  

2 drugs, n (%) – 13 (43.3) 13 (59.1) 8 (53.3)  

≥3 drugs, n (%) – 0 8 (36.4) 1 (6.7)  

Clinical and biochemical characteristics    

Schistocytosis, n (%) – 0 0 12 (85.7) NA 

Placental abruption, n (%) – 0 4 (16) 3 (18.7) NA 

LDH (U/l)a – 212 [185–232] 227 [195–266.5] 304.5 [268–383.7] <0.001 

Hb (g/l) – 109.29 ± 1.94 106 ± 3.1 103.23 ± 3.5 0.297 

AST (UI/l) – 15.5 [10.2–22.7] 12 [10–36.5] 86 [47.2–209] 0.011 

Platelet (109/l) – 192.8 ± 9.42 184.2 ± 8.4 103.8 ± 7.0 <0.001 

 

Categorical variables are represented by absolute frequencies and percentages (n, %). Noncategorical variables are represented by mean ± 

SEM. Categorical variables were analyzed with Pearson χ2 tests. P values are from comparison of control, preeclampsia, and HELLP groups. 

Noncategorical variables that were normally distributed were analyzed with 1-way ANOVA test. Non categorical variables that were not normally 

distributed were analyzed with Kruskal–Wallis tests. Abbreviations: ANOVA, analysis of variance; AST, aspartate aminotransferase; BMI, body 

mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; Hb, hemoglobin; HT, chronic hypertension; IGR, intrauterine growth restric- 

tion; IVF, in vitro fertilization; LDH, lactic dehydrogenase; NA, not applicable; PE, preeclampsia; SBP, systolic blood pressure. *P value for trend 

based on increasing severity of the samples groups. 

 
aValues for LDH level are from n = 19 mild PE, 13 Severe PE, and 12 HELLP syndrome. 

 

The levels of the different biomarkers for the different groups studied are shown in Figure 1 (cfDNA and 

cffDNA), Figure 2 (sFlt-1, sEng, and PIGF), and Figure 3 (sFlt-1/PIGF and sEng/PIGF ratios). When we 

carried out correlations between the different biomarkers, we found moderate positive correlations between 

total and fetal cfDNA with sFlt-1 and sEng levels restricted healthy patients and mild PE (all P < 0.05). 

 

Table 3 shows the levels of total and fetal cfDNA, sEng, sFlt-1, PIGF and sFlt-1/PIGF and sEng/PIGF ratios 

in relation to the different maternal and fetal outcomes in the entire sample (n = 104). All these parameters 

were significantly different in women who needed a cesarean delivery, pregnancies who had a preterm labor 

(delivery before 37 weeks) or in newborns who suffered an adverse outcome. 

 



 

 

 

With respect to maternal characteristics, we found that patients having placental abruption had significantly 

higher values of sEng, sFlt-1, and higher values of sFlt-1/PIGF ratio. Patients needing a cesarean section 

had significantly higher values of cfDNA, cffDNA, sEng, sFlt-1, sFlt-1/PIGF and sEng/PIGF ratios and 

lower values of PIGF. Finally, patients needing a blood transfusion had higher values of cfDNA and cffDNA 

but not of the other parameters studied. Regarding fetal outcomes all the studied parameters were clearly 

different in preterm newborns and in newborns having the composite variable named “neonatal adverse 

outcome”. Levels of cfDNA and cffDNA were also higher in fetuses having intrauterine growth retardation. 

ROC curves were produced to determine the cutoff values of the studied markers that may determine the 

probability of having a PE or HELLP syndrome in comparison to the healthy group (Table 4), as well as the 

probability of having HELLP syndrome in comparison with the 2 PE groups (mild and severe) (Table 4). In 

the first case, the highest AUC value was that of sFLT-1 (0.91 [0.83–0.99]), followed by the level of sFLT-

1/PIGF (0.91 [0.83–0.98]) and the level of cffDNA (0.89 [0.82–0.96]). The corresponding cut off values 

were 8,768.2 pg/ml, 20.4 and 156.4 GE/ml, respectively. In the second case, the highest AUC was that of 

sFlt-1/PIGF ratio (0.77 [0.66–0.88]), followed by sEng (0.74 [0.63–0.87]) and sEng/PIGF ratio (0.74 [0.63–

0.86]). The corresponding cutoff values were 144.9, 43.5 ng/ml and 296.2, respectively. The levels of 

accuracy, sensitivity, and specificity are shown in Table 4.  
 

Table 2.   Maternal and Newborn characteristics at delivery 
 

Maternal Healthy (n = 26) Mild PE (n = 37) Severe PE (n = 25) HELLP syndrome (n = 16) P for trend* 

Gestational week 39 [38–40.5] 37 [34–37] 34 [31.5–34.5] 34 [30.2–37.7] 0.012 

Weight gain (kg) 16.5 [18–21.5] 14.5 [9.6–17] 13 [7.5–23.2] 10 [6.5–16] 0.195 

Cesarean, n (%) 8 (30.8) 20 (54.1) 19 (76) 14 (87.5) 0.037 

Newborn Healthy (n = 28) Mild PE (n = 47) Severe PE (n = 30) HELLP syndrome (n = 19) P 

Preterm, n (%) 1 (3.6) 18 (41.9) 21 (72.2) 16 (84.2) <0.001 

Birth weight (kg) 3,186.8 ± 107.9 2,297 ± 107.2 1,842.9 ± 115.2 1,900.7 ± 149.1 <0.001 

Sex: male, n (%) 16 (57.1) 18 (38.3) 14 (46.6) 5 (26.3) 0.215 

Fetal death, n (%) 0 2 (4.3) 1 (3.3) 1 (5.3) 0.824 

 

Categorical variables are represented by absolute frequencies and percentages (n, %). Noncategorical variables are represented by mean ± 

SEM. Categorical variables were analyzed with Pearson χ2 tests or Fisher’s exact test. P values are from comparison of control, preeclampsia, 

and HELLP groups. Noncategorical variables that were normally distributed were analyzed with the 1-way ANOVA test. Noncategorical vari- 

ables that were not normally distributed were analyzed with Kruskal–Wallis tests. *P value for trend based on increasing severity of the samples 

groups. Abbreviations: ANOVA, analysis of variance; PE, preeclampsia. 

 

 

 

Figure 1. Total cfDNA level in control, mild PE, severe PE, and HELLP syndrome (a) and cffDNA in control, mild PE, severe PE, and HELLP syndrome (b). 
Data are represented as medians and inter quartile range. Abbreviations: cfDNA, cell-free DNA; cffDNA, fetal cell-free DNA; PE, preeclampsia. 
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DISCUSSION 

 
The HELLP syndrome is considered the most severe form of PE, thus requiring a prompt delivery of the 

newborn to avoid the progression of the disease and complications.23 This circumstance (short duration of 

the process) together with the low incidence of the disease result in a lack of studies assessing the 

physiopathology of the disease; as a consequence, many of the mechanisms underlying the onset of the 

syndrome remains unknown. 

We have recently reported increased serum levels of total cfDNA in patients with severe PE and HELLP 

syndrome.7 The present study confirms our previous results in total cfDNA and, in addition, it provides new 

information on fetal cfDNA and on the relationship of cfDNA with angiogenic/ antiangiogenic factors 

(parameters not assessed in our previous work).7 We also report that only values of total cfDNA were able 

to significantly differentiate severe PE fromHELLP syndrome (20,957 •} 2,784 vs. 43,184 •} 8,647 GE/ 

ml, P = 0.01). As far as we know, there are only few studies 

which have measured total and/or fetal circulating cfDNA in patients with HELLP syndrome, and their 

results are contradictory24– 26 In these studies, the measurement of fetal cfDNA levels were based on the 

detection of Y-chromosomal sequences.24,25 On the contrary, the analyses of fetal cfDNA levels in our 

study were based on the detection of hypermethylated RASSF1A gene. Therefore, our results may be more 

reliable than those from others studies that have measured fetal cfDNA in pregnant women carrying only 

male fetuses. On the other hand, several observations have demonstrated an imbalance in proangiogenic and 

antiangiogenic factors in PE, mainly arising from (i) a reduced vascular endothelial growth factor activity 

as a result of increased sFlt-1 levels,27,28 (ii) a reduced transforming growth factor-β activity due to 

increased sEng levels,29,30 and (iii) reduced PIGF levels.31 

 

To our knowledge, the present study represents the first report that investigates the relationship between the 

levels of total or fetal cfDNA and sEng, sFlt-1, or PIGF in PE and to assess these levels in the HELLP 

syndrome as a distinct subgroup from severe PE. We observed that total and fetal cfDNA levels were 

significantly different amongst healthy, mild-PE, severe-PE, and HELLP syndrome pregnant women, with 

higher levels in those women with a more severe disease. In post-hoc analyses, fetal cfDNA levels in control 

women were significantly different from each PE/HELLP group; however, this parameter was unable to 

significantly differentiate the 3 pathological categories among them. On the contrary, total cfDNA levels 

allowed us to differentiate any category from each other, including severe PE vs. HELLP syndrome. These 

findings suggest that total cfDNA levels may be a promising novel biomarker to identify women with PE 

and assess its severity in clinical practice. 

The results of the angiogenic/antiangiogenic markers are shown in Figures 2 and 3. Again the analysis of 

variance was clearly different (P < 0.0001) but the post-hoc analysis failed to find significant differences 

among groups and particularly between severe PE and HELLP syndrome. Leanos-Miranda et al.32 studied 

a group of women with PE attended at a tertiary care hospital. Serum concentrations of sFlt-1, PIGF, and 

sEng, were measured. In agreement with our results, these authors showed that the risk of any adverse



 

 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Values of sFlt-1 (a), sEng (b), and PIGF (c) in control, mild PE, 

severe  PE, and HELLP syndrome. Data are represented as medians and 
inter quartile range. Abbreviations: sEng, soluble endoglin; sFLT-1, soluble 
FMS-like tyrosine kinase 1; PE, preeclampsia; PIGF, placental growth factor. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 

 

 
 

Figure 3. sFlt-1/PIGF ratio (a) and sEng/PIGF ratio (b) values in in control, mild PE, severe PE, and HELLP syndrome. Data are represented as medians 
and inter quartile range. Abbreviations: sEng, soluble endoglin; sFLT-1, soluble FMS-like tyrosine kinase 1; PE, preeclampsia; PIGF, placental growth factor. 



 

 

 
 
 
 
 

 

Table 3. Maternal and neonatal/fetal outcome related to the levels of cell-free DNA, angiogenic and antiangiogenic factors. 
 

 Maternal 

Placental abruption  

 
Yes 

C-section  

 
No 

 

 
P 

Transfusion 

Yes No P Yes No P 

cfDNA (GE/ml) × 
1,000 

9.5 [8.1–2.5] 11.4 [5.4–26.4] 0.906 16.1 [9.4–28.5] 8.5 [3.2–18.3] <0.001 28.5 [24–64.6] 10.4 [4.6–20.5] <0.001 

cffDNA (GE/ml) 278.4 [111.7–830.7] 282.1 [112.9–564.2] 0.713 355 [133.1–917.7] 241.7 [63.1–448.9] 0.016 581.7 [417.1–1066.7] 269.9 [100.4–618.1] 0.008 

sEng (ng/ml) 87.6 [64.1–103.2] 38.9 [15.9–71.9] 0.006 54.9 [32.1–86.4] 24.9 [11.9–44] <0.001 45.9 [23.8–78.9] 36.6 [18.7–74.3] 0.398 

PIGF (ng/ml) 55.6 [32.4–302.8] 174.2 [63.6–477.3] 0.194 106.3 [39.8–292.3] 247.2 [123.7–914.9] 0.018 72.1 [39.2–198.1] 168.8 [54.4–482.4] 0.255 

sFLT-1 (pg/ml) × 
1,000 

40.8 [33.6–54.6] 14.4 [5.5–23.3] <0.001 20.5 [11.1–28] 11.2 [3.2–18] 0.001 20.7 [13.3–26.5] 14.8 [5.5–25.4] 0.118 

sFLT-1/PIGF 589.9 [195.9–1178.2] 74.9 [14.9–365.9] 0.026 189.1 [47.1–660.9] 45.79 [2.4–215.3] 0.010 307.6 [75.7–656.0] 77.0 [13.8–415.8] 0.178 

sEng/PIGF 1,593.9 [262.9–2,415.8] 188.8 [57.6–840.4] 0.070 458.5 [118.6–1,593.9] 100.9 [24.6–300.3] 0.002 646.6 [119.5–1,572.5] 203.3 [57–1,087.9] 0.292 

 
 
 

 
cfDNA (GE/ml) × 
1,000 

21.4 [9.4–34] 9.3 [4.2–17.7] <0.001 24.3 [9.6–46.4] 11.4 [5.4–21.6] 0.002 21.1 [9.4–34] 8.7 [3.4–18.4] <0.001 

cffDNA (GE/ml) 540.9 [263.8–1,015.3] 179.7 [81–712.2] 0.001 602 [261.7–1,215] 300.4 [103.7–870.8] 0.009 429.1 [214.1–997.6] 175.1 [80.2–601.9] 0.006 

sEng (ng/ml) 54.9 [36.6–88.7] 30.5 [10.9–55.9] <0.001 43 [32.7–92.4] 38.9 [17.1–64.6] 0.058 57 [33.5–90.1] 30.3 [11.1–46.3] 0.001 

PLGF (ng/ml) 124.4 [33.7–225.6] 240.9 [78–937.3] 0.003 152 [42.4–320.5] 160.3 [64.1–468.4] 0.510 106.3 [32.4–238.6] 304.7 [117.5–1001] 0.001 

sFLT-1 (pg/ml) × 
1,000 

22.9 [15.9–33.6] 10.8 [4.4–17] <0.001 19.1 [12.2–24.2] 15.5 [0.6–25.8] 0.597 20.8 [12.6–25.9] 10.5 [3.4–21.3] <0.001 

sFLT-1/PLGF 189.1 [74.7–737.8] 31.7 [9.1–323.9] <0.001 95.7 [34.8–506.9] 99.1 [16.3–468.3] 0.537 189.1 [67.9–784.9] 30.1 [2.5–184.5] <0.001 

sEng/PLGF 449.6 [166.4–2,200.9] 117.5 [26.7–549.5] <0.001 472.3 [81.5–2,015] 188.8 [61.1–988] 0.134 537.2 [187.3–1,918.8] 97.7 [23.8–319.2] <0.001 

 

Data are represented as median and interquartile range. Variables were analyzed with Mann–Whitney U tests. Abbreviations: IGR, intrauterine growth restriction; cfDNA, cell-free DNA; 

cffDNA, cell-free fetal DNA; sEng, soluble endoglin; sFLT-1, soluble FMS-like tyrosine kinase 1; PLGF, placental growth factor. 

 Neonatal/fetal 

Preterm  IGR   Adverse outcome 

Yes No P Yes 
 

No P Yes No P 

 



 

 

 
 
 
 
 
 
 
 
 
 

 

Table 4.   Cutoff values in the healthy group and preeclampsia groups (mild and severe) for the diagnosis of PE or HELLP syndrome 
 

Cutoff Sensitivity (%) Specificity (%) Accuracy (%) AUC P 

Healthy group      

cfDNA (GE/ml) 9,000 78.7 [68.1–86.4] 76.9 [57.9–89] 78.2 [69.2–85.2] 0.87 [0.79–0.95] <0.001 

cffDNA (GE/ml) 156.39 82.7 [72.6–89.6] 80.8 [62.1–91.5] 82.2 [73.6–88.4] 0.89 [0.82–0.96] <0.001 

sEng (ng/ml) 26.45 78.4 [67.7–86.2] 75 [55.1–88] 77.6 [68.3–84.7] 0.83 [0.72–0.94] <0.001 

PIGF (ng/ml) <308.36 83.3 [72.7–90.1] 72 [52.4–85.7] 80.2 [71.1–86.9] 0.86 [0.77–0.94] <0.001 

sFLT-1 (pg/ml) 8,768.22 89.5 [80.6–94.6] 80 [60.9–91.1] 87.1 [79.2–92.3] 0.91 [0.83–0.99] <0.001 

sFLT-1/PIGF 20.36 88.7 [79.3–94.2] 79.1 [59.5–90.8] 86.3 [78–91.8] 0.91 [0.83–0.98] <0.001 

sEng/PIGF 97.70 82.9 [72.4–89.9] 79.2 [59.5–90.8] 81.9 [72.9–88.4] 0.89 [0.80–0.97] <0.001 

Preeclampsia groups (mild and severe)      

cfDNA (GE/ml) 12,750 77.5 [62.5–87.5] 58 [40.9–72] 68 [56.8–77.5] 0.69 [0.57–0.81] 0.003 

cffDNA (GE/ml) – – – – – 0.202 

sEng (ng/ml) 43.53 79 [63.7–88.9] 69.4 [53.1–82] 74.4 [63.3–82.9] 0.74 [0.63–0.87] <0.001 

PIGF (ng/ml) – – – – – 0.108 

sFLT-1 (pg/ml) 17,542.10 72 [56.2–83.5] 60 [43.5–73.3] 65.8 [54.6–75.5] 0.72 [0.61–0.83] <0.001 

sFLT-1/PIGF 144.89 76.9 [99.7–91.8] 63.4 [52.6–73] 65.3 [55.3–74.1] 0.77 [0.66–0.88] <0.001 

sEng/PIGF 296.24 76.9 [49.7–91.8] 59.3 [48.4–69.3] 61.7 [51.6–70.9] 0.74 [0.63–0.86] <0.001 

Data of sensitivity, specificity, accuracy, and AUC are represented with the 95% confidence interval. Abbreviations: AUC, area under curve; cfDNA, cell-free DNA; cffDNA, cell-free fetal 

DNA; sEng, soluble endoglin; sFLT-1, soluble FMS-like tyrosine kinase 1; PIGF, placental growth factor. 



 

 

 
 
 

 

maternal outcome and of having a small-for-gestational-age infant were higher among women with sFlt-

1/PIGF ratios and sEng levels in the highest quartile (odds ratios ≥ 2.7), compared with the lowest quartile. 

Previous studies33,34 have also analyzed the levels of sEng, sFlt-1 and PIGF, and levels of fetal cfDNA 

(only male fetuses) in patients with PE. In agreement with our results these studies have reported that the 

sFlt-1/PIGF ratio had the highest AUC for the detectionof PE but, unlike our study, they did not find a 

significant 

cutoff value for cffDNA levels. The low sample size, the absence of female fetuses, and the lack of patients 

with HELLP syndrome could explain this disagreement. The existence of a relationship between placental 

abruption and an imbalance between angiogenic and antiangiogenic factors have been also reported by other 

authors.35–37 As far as we know, the relationship between the studied parameters and the need of 

transfusion or cesarean section have not been analyzed before. 

Regarding adverse fetal outcomes, in a study including 60 pregnant women (30 with established preterm 

labor) the mean cffDNA levels were approximately 6-fold higher in the pathological group compared with 

the control group.38 Quezada et al.39 examined cffDNA values measured at 10–19 weeks of gestation in 

103 pregnancies that delivered <37 weeks, in 21 that delivered <34 weeks and in 82 that delivered between 

34 and 37 weeks of gestation out of a total of 3,169 pregnancies. Conversely to the previous study these 

authors found no significant differences between the spontaneouspreterm delivery groups and the term 

delivery group. 

Now, we describe that in a population including preeclamptic  women and patients with HELLP syndrome 

the levels of cfDNA, cffDNA, and all the angiogenic/antiangiogenic factors studied are significantly 

different between women who had a preterm labor compared with women having a term labor. Similarly, 

there is contradictory evidence in the literature as to whether any increase in fetal cfDNA precedes the 

clinical presentation of impaired fetal growth.40,41 As far as we know, our study is the first measuring total 

maternal levels of cfDNA in cases of fetal growth restriction. 

Very recently, it has been published that a sFlt-1:PIGF ratio of 38 or lower could be used to predict the 

short-term absence of PE in women in whom the syndrome is suspected clinically.42 Specifically, a sFlt-

1/PIGF ratio of 38 or lower had a negative predictive value of 99.3% (95% CI, 97.9–99.9), with 80.0% 

sensitivity (95% CI, 51.9–95.7), and 78.3% specificity (95% CI, 74.6–81.7). On the other hand, the positive 

predictive value of a sFlt-1/PIGF ratio above 38 for a diagnosis of PE within 4 weeks was 36.7% (95% CI, 

28.4 to 45.7), with 66.2% sensitivity (95% CI, 54.0–77.0), and 83.1% specificity (95% CI, 79.4–86.3). To 

the best of our knowledge, the predictive values of different cutoff points for sEng, cfDNA, or cffDNA 

levels and risk of PE or HELLP syndrome have not been published so far and, therefore, we cannot contrast 

our data with others studies. 

There are several potential limitations of our study. For instance, the limited number of patients in the group 

withHELLP syndrome. This limitation is linked to the low prevalence  of the syndrome and its fast clinical 

course. Therefore, further prospective studies are needed in order to confirm our results. Another potential 

limitation is the fact that cfDNA was measured in serum instead of plasma since in serum there are not 

coagulation factors. In conclusion, we measured plasma levels of circulating cell-free total and fetal DNA, 

sEng, soluble form of vascular endothelial growth factor receptor and PIGF in a control group of healthy 

pregnant women, patients with PE without criteria of severity, patients with severe PE and patients 

with HELLP syndrome. We observed a gradual and strong relationship between all the parameters 

mentioned and the range of severity of PE, with the highest levels in patients with HELLP syndrome. We 

hypothesize that an ineffective placentation resulting in placental ischemia would play a key role in these 

pathologies, and that the studied parameters are biomarkers of the disease and severity. These parameters 

were significantly different among women who have had any maternal or fetal adverse event. The maximum 

ROC AUC value for PE and HELLP syndrome (with respect to controls) was 0.91 (P < 0.001) with a cutoff 

point of 8,768.2 pg/ml for sFLT-1 and 20.3 for the sFLT-1/PIGF ratio. 

 

 

 

 

 



 

 

 

ACKNOWLEDGMENT 

This original contribution is dedicated to Prof. Dr Jose Villar, passed away after an excellent 
contribution to the hypertension and lipids field both in clinical and experimen- tal fields. Our unit 
sincerely laments for having missed his excellent knowledge and work of supervision. Rocío Muñoz 
Hernández is a recipient of a Juan de la Cierva- Mineco grant Consejería de Igualdad, Salud y Políticas 
Sociales (PI-0082- 2012 to Dr Villar) de la Junta de Andalucía, and Instituto de Salud Carlos III 
(PI10/02473 to Dr Stiefel). 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

REFERENCES 

1. Milne F, Redman C, Walker J, Baker P, Bradley J, Cooper C, de Swiet M, Fletcher G, Jokinen M, Murphy 
D, Nelson-Piercy C, Osgood V, Robson S, Shennan A, Tuffnell A, Twaddle S, Waugh J. The pre-eclampsia 
com- munity guideline (PRECOG): how to screen for and detect onset of pre- eclampsia in the 
community. BMJ 2005; 330:576–580. 

2. The American college of Obstetricians and Gynecologists. Hypertension in Pregnancy. Report of the 
American College of Obstetricians and Gynecologists’ Task Force on Hypertension in Pregnancy. 
Obstet Gynecol 2013; 122:1122–1231. 

3. Young BC, Levine RJ, Karumanchi SA. Pathogenesis of preeclampsia. 
Annu Rev Pathol 2010; 5:173–192. 

4. Sibai BM, Ramadan MK, Usta I, Salama M, Mercer BM, Friedman SA. Maternal morbidity and 
mortality in 442 pregnancies with hemolysis, elevated liver enzymes, and low platelets (HELLP 
syndrome). Am J Obstet Gynecol 1993; 169:1000–1006. 

5. Miranda ML, Vallejo-Vaz AJ, Cerrillo L, Marenco ML, Villar J, Stiefel 
P. The HELLP syndrome (hemolysis, elevated liver enzymes and low platelets): clinical characteristics 
and maternal-fetal outcome in 172 patients. Pregnancy Hypertens 2011; 1:164–169. 

6. numba DO, Lincoln K, Robson SC. Predictive value of clinical and laboratory indices at first assessment 
in women referred with suspected gestational hypertension. Hypertens Pregnancy 2010; 29:163–179. 

7. Miranda ML, Macher HC, Muñoz-Hernández R, Vallejo-Vaz A, Moreno-Luna R, Villar J, Guerrero 
JM, Stiefel P. Role of circulating cell-free DNA levels in patients with severe preeclampsia and HELLP 
syndrome. Am J Hypertens 2013; 26:1377–1380. 

8. Alberry MS, Maddocks DG, Hadi MA, Metawi H, Hunt LP, Abdel- Fattah SA, Avent ND, Soothill PW. 
Quantification of cell free fetal DNA in maternal plasma in normal pregnancies and in pregnancies with 
pla- cental dysfunction. Am J Obstet Gynecol 2009; 200:98.e1–98.e6. 

9. Shimony A, Zahger D, Gilutz H, Goldstein H, Orlov G, Merkin M, Shalev A, Ilia R, Douvdevani A. 
Cell free DNA detected by a novel method in acute ST-elevation myocardial infarction patients. Acute 
Card Care 2010; 12:109–111. 

10. Zaravinos A, Tzoras S, Apostolakis S, Lazaridis K, Spandidos DA. Levosimendan reduces plasma cell-
free DNA levels in patients with ischemic cardiomyopathy. J Thromb Thrombolysis 2011; 31:180–187. 

11. Tsai NW, Lin TK, Chen SD, Chang WN, Wang HC, Yang TM, Lin YJ, Jan CR, Huang CR, Liou CW, Lu 
CH. The value of serial plasma nuclear and mitochondrial DNA levels in patients with acute ischemic 
stroke. Clin Chim Acta 2011; 412:476–479. 

12. Arnalich F, Maldifassi MC, Ciria E, Quesada A, Codoceo R, Herruzo R, Garcia-Cerrada C, Montoya F, 
Vazquez JJ, López-Collazo E, Montiel 
C. Association of cell-free plasma DNA with perioperative mortality in patients with suspected acute 
mesenteric ischemia. Clin Chim Acta 2010; 411:1269–1274. 

13. Uzuelli JA, Dias-Junior CA, Izidoro-Toledo TC, Gerlach RF, Tanus- Santos JE. Circulating cell-free 
DNA levels in plasma increase with severity in experimental acute pulmonary thromboembolism. Clin 
Chim Acta 2009; 409:112–116. 

14. Ye L, Ma GH, Chen L, Li M, Liu JL, Yang K, Li QY, Li N, Wan HY. Quantification of circulating cell-
free DNA in the serum of patients with obstructive sleep apnea-hypopnea syndrome. Lung 2010; 
188:469–474. 

15. Luft FC. Soluble endoglin (sEng) joins the soluble fms-like tyros- ine kinase (sFlt) receptor as a pre-
eclampsia molecule. Nephrol Dial Transplant 2006; 21:3052–3054. 

16. Jeyabalan A, McGonigal S, Gilmour C, Hubel CA, Rajakumar A. Circulating and placental endoglin 
concentrations in pregnancies com- plicated by intrauterine growth restriction and preeclampsia. 
Placenta 2008; 29:555–563. 

17. Gurnadi JI, Mose J, Handono B, Satari MH, Anwar AD, Fauziah PN, Yogi Pramatirta A, Rihibiha DD. 
Difference of concentration of placen- tal soluble fms-like tyrosine kinase-1(sFlt-1), placental growth 
factor (PlGF), and sFlt-1/PlGF ratio in severe preeclampsia and normal preg- nancy. BMC Res Notes 
2015; 8:534. 

18. http://www.nice.org.uk, issue date: August 2010. 

http://www.nice.org.uk/


 

 

19. Sibai BM. The HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets): much ado about 
nothing? Am J Obstet Gynecol 1990; 162:311–316. 

20. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones DW, Materson BJ, 
Oparil S, Wright JT Jr, Roccella EJ; National Heart, Lung, and Blood Institute Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure; National High Blood 
Pressure Education Program Coordinating Committee. The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 
report. JAMA 2003; 289:2560–2572. 

21. Chan KC, Ding C, Gerovassili A, Yeung SW, Chiu RW, Leung TN, Lau TK, Chim SS, Chung GT, 
Nicolaides KH, Lo YM. Hypermethylated RASSF1A in maternal plasma: a universal fetal DNA marker 
that improves the reliability of noninvasive prenatal diagnosis. Clin Chem 2006; 52:2211–2218. 

22. Chiu RW, Chim SS, Wong IH, Wong CS, Lee WS, To KF, Tong JH, Yuen RK, Shum AS, Chan JK, Chan LY, 
Yuen JW, Tong YK, Weier JF, Ferlatte C, Leung TN, Lau TK, Lo KW, Lo YM. Hypermethylation of 
RASSF1A in human and rhesus placentas. Am J Pathol 2007; 170:941–950. 

23. Vallejo Maroto I, Miranda Guisado ML, Stiefel García-Junco P, Pamies Andreu E, Marenco ML, Castro 
de Gavilan D, Carneado de la Fuente 
J. [Clinical and biological characteristics of a group of 54 pregnant women with HELLP syndrome]. Med 
Clin (Barc) 2004; 122:259–261. 

24. Smid M, Vassallo A, Lagona F, Valsecchi L, Maniscalco L, Danti L, Lojacono A, Ferrari A, Ferrari 
M, Cremonesi L. Quantitativeanalysis of fetal DNA in maternal plasma in pathological conditions 
associated with placental abnormalities. Ann N Y Acad Sci 2001; 945:132–137. 

25. Swinkels DW, de Kok JB, Hendriks JC, Wiegerinck E, Zusterzeel PL, Steegers EA. Hemolysis, 
elevated liver enzymes, and low platelet count (HELLP) syndrome as a complication of preeclampsia 
in pregnant women increases the amount of cell-free fetal and maternal DNA in maternal plasma and 
serum. Clin Chem 2002; 48:650–653. 

26. Li Y, Zhong XY, Kang A, Troeger C, Holzgreve W, Hahn S. Inability to detect cell free fetal DNA in the 
urine of normal pregnant women nor in those affected by preeclampsia associated HELLP syndrome. 
J Soc Gynecol Investig 2003; 10:503–508. 

27. Ahmed A, Dunk C, Kniss D, Wilkes M. Role of VEGF receptor-1 (Flt-1) in mediating calcium-dependent 
nitric oxide release and limiting DNA synthesis in human trophoblast cells. Lab Invest 1997; 76:779–
791. 

28. Ahmad S, Ahmed A. Elevated placental soluble vascular endothelial growth factor receptor-1 inhibits 
angiogenesis in preeclampsia. Circ Res 2004; 95:884–891. 

29. Venkatesha S, Toporsian M, Lam C, Hanai J, Mammoto T, Kim YM, Bdolah Y, Lim KH, Yuan HT, 
Libermann TA, Stillman IE, Roberts D, D’Amore PA, Epstein FH, Sellke FW, Romero R, Sukhatme VP, 
Letarte M, Karumanchi SA. Soluble endoglin contributes to the pathogenesis of preeclampsia. Nat Med 
2006; 12:642–649. 

30. Walshe TE, Dole VS, Maharaj AS, Patten IS, Wagner DD, D’Amore PA. Inhibition of VEGF or TGF-
{beta} signaling activates endothelium and increases leukocyte rolling. Arterioscler Thromb Vasc Biol 
2009; 29:1185–1192. 

31. Mundim GJ, Paschoini MC, Araujo Júnior E, Da Silva Costa F, Rodrigues Júnior V. Assessment of 
angiogenesis modulators in preg- nant women with pre-eclampsia: a case-control study. Arch Gynecol 
Obstet 2016; 293:369–375. 

32. Leaños-Miranda A, Campos-Galicia I, Ramírez-Valenzuela KL, Chinolla-Arellano ZL, Isordia-Salas 
I. Circulating angiogenic factors and urinary prolactin as predictors of adverse outcomes in women with 
preeclampsia. Hypertension 2013; 61:1118–1125. 

33. Kaufmann I, Rusterholz C, Hösli I, Hahn S, Lapaire O. Can detection of late-onset PE at triage by sflt-
1 or PlGF be improved by the use of additional biomarkers? Prenat Diagn 2012; 32:1288–1294. 

34. Molvarec A, Szarka A, Walentin S, Szucs E, Nagy B, Rigó J Jr. Circulating angiogenic factors determined 
by electrochemiluminescence immuno- assay in relation to the clinical features and laboratory 
parameters in women with pre-eclampsia. Hypertens Res 2010; 33:892–898. 



 

 

35. AbdelHalim RM, Ramadan DI, Zeyada R, Nasr AS, Mandour IA. Circulating maternal total cell-free 
DNA, cell-free fetal DNA and sol- uble endoglin levels in preeclampsia: predictors of adverse fetal 
out- come? A cohort study. Mol Diagn Ther 2016; 20:135–149. 

36. Signore C, Mills JL, Qian C, Yu KF, Rana S, Karumanchi SA, Levine RJ. Circulating soluble endoglin 
and placental abruption. Prenat Diagn 2008; 28:852–858. 

37. Tikkanen M, Stenman UH, Nuutila M, Paavonen J, Hiilesmaa V, Ylikorkala O. Failure of second-
trimester measurement of soluble endoglin and other angiogenic factors to predict placental abruption. 
Prenat Diagn 2007; 27:1143–1146. 

38. Bibers M, Azmy O. Assesment of plasma cell-free fetal DNA using hypermethylated RASSF1A in 
maternal plasma in cases of spontaneous preterm labor. Gynecol Obstet 2013; 12:49–52. 

39. Quezada MS, Francisco C, Dumitrascu-Biris D, Nicolaides KH, Poon LC. Fetal fraction of cell-free 
DNA in maternal plasma in the predic- tion of spontaneous preterm delivery. Ultrasound Obstet 
Gynecol 2014; 34:274–282. 

40. Crowley A, Martin C, Fitzpatrick P, Sheils O, O’Herlihy C, O’Leary JJ, Byrne BM. Free fetal DNA is 
not increased before 20 weeks in intrauterine growth restriction or pre-eclampsia. Prenat Diagn 2007; 
27:174–179. 

41. Illanes S, Parra M, Serra R, Pino K, Figueroa-Diesel H, Romero C, Arraztoa JA, Michea L, Soothill 
PW. Increased free fetal DNA lev- els in early pregnancy plasma of women who subsequently develop 
preeclampsia and intrauterine growth restriction. Prenat Diagn 2009; 29:1118–1122. 

42. Zeisler H, Llurba E, Chantraine F, Vatish M, Staff AC, Sennström M, Olovsson M, Brennecke SP, 
Stepan H, Allegranza D, Dilba P, Schoedl M, Hund M, Verlohren S. Predictive value of the sFlt-1:PlGF 
ratio in women with suspected preeclampsia. N Engl J Med 2016; 374:13–22. 


