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Preeclampsia (PE) is a hypertensive disorder 
of the third trimester of pregnancy, typically 
characterized by hypertension and protei- 
nuria, although the last is not required in the 
new definition of PE. The disease is caused 
by an ineffective placentation resulting in 
placental ischemia.1,2 The most severe form 
of PE is the so-called hemolysis, elevated liver 
enzymes and low platelet count (HELLP) 
syndrome resulting from microan- giopathic 
hemolytic anemia, thrombocytope- nia and 
hepatolysis. HELLP syndrome is associated 
with 1% maternal mortality and a perinatal 
mortality of about 20%, and the only known 
cure is delivery of the placenta. Several 
important complications have been 

observed in ~ 38–44% of HELLP syndrome, 

including disseminated intravascular coagula- 
tion, acute renal failure, subcapsular liver 
hematoma and liver rupture, heart failure, 
placental abruption, retinal detachment, 
intracranial hemorrhage, posterior reversible 
encephalopathy, and many other clinical 

manifestations.2–7 

The diagnosis of PE is mainly based on the 
measurement of blood pressure and 
proteinuria. However, the sensitivity and 
specificity of these parameters are low.8 
Therefore, there is an urgent demand for 
widely applicable and affordable tests that 
allow accurately identifying women at risk 
for developing PE or for developing a HELLP 
syndrome from a preexisting PE. 

It has recently been observed that circulat- 
ing cell-free DNA (cfDNA) levels rise in 
pathologies involving ischemia, such as 
acute coronary syndrome, ischemic heart 
failure, stroke and mesenteric ischemia, as 
well as in patients who have suffered cardiac 
arrest outside the hospital. Similarly, 
increases in circulating cfDNA have been 

 
documented in situations involving hypoxia, 
such as experimental acute pulmonary 
thromboembolism or obstructive sleep 
apnea/hypopnea syndrome. In PE, as a result 
of placental ischemia, we have also documen- 
ted increased levels of cfDNA in patients 
having the HELLP syndrome with the highest 

values.9–11 

In this paper, we studied a sample of 
consecutive cases of 16 patients with HELLP 
syndrome diagnosed and recruited at the 

Women’s Hospital of the Virgen del Rocio 

University Hospital, Seville, Spain since 

January 2002–December 2017. The HELLP 

syndrome was diagnosed according to the 
criteria described by Sibai.12 

Maternal peripheral blood was centrifuged 
for 10 min at 3500 r.p.m. 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, Basel, Switzerland). The DNA 

was resuspended in a final volume of 90 μl of 

RNase/DNase-free cryotubes, and the serum 
DNA template was amplified in a total 
reaction volume of 20 μl using a real-time- PCR 

assay for the β-globin sequence on a Light-
Cycler-480 (Roche Diagnostics), according to 
the manufacturer’s instructions. The β-globin 
Taqman system uses the follow- ing primers: 
beta-globin-354F (5′-GTGCA 

CCTGACTCCTGAGGAGA-3′); beta-globin- 

455R    (5′-CCTTGATACCAACCTGCCCAG-3′); 
and a dual-labeled fluorescent probe beta- 
globin-402 T (5′-(FAM)AAGGTGAACGTGG 

ATGAAGTTGGTGG(TAMRA)-3′).        Amplifi- 

cation was carried out over 48 cycles at 95 ° 
C for 5 min and at 62 °C for 20 min. The 
quantification standard curve is referred to 
base 10 dilutions of a human genomic DNA 

 

control sample initiated at 50 ng μl− 1 (ref: 11 
691 112 001; Roche Diagnostics). All samples 
were analyzed in triplicate. In each analysis, 

 

Table 1 Maternal and neonatal demographic, 

and at-enrollment characteristics 
 

 

HELLP syndrome (n = 16) 

Age (years) 32.1 ± 1.3 

Primipara, n (%) 11 (66.7) 

IVF, n (%) 5 (31.3) 

Singleton pregnancy, n (%) 13 (81.3) 

Pregestational BMI, (kg m−2) 24.7 ± 2.1 

 

Previous medical history 

Chronic hypertension (%) 2 (12.5) 

Diabetes mellitus, n (%) 1 (6.2) 

 
At enrollment/onset 

Gestational age (weeks) 32.8 ± 0.7 

Gestational weight (kg) 1866 ± 168.1 

Gestational diabetes, n (%)  0 

IGR, n (%) 0 

Highest SBP (mm Hg) 159 ± 6.2 

Highest DBP (mm Hg) 98.2 ± 2.9 

 
Antihypertensive use 

1 drug, n (%) 6 (40) 

2 drugs, n (%) 8 (53.3) 

⩾ 3 drugs, n (%) 2 (12.5) 

 
Clinical and biochemical characteristics 

Schistocytosis, n (%) 12 (85.7) 

Placental abruption, n (%) 3 (18.7) 

LDH (U l− 1) 340 ± 34.5 

Hb (g l− 1) 103.2 ± 3.5 

AST (UI l− 1) 123.19 ± 33.6 

Platelet (109 per l) 103.8 ± 7.0 
 

 

Abbreviations: AST, aspartate transaminase; BMI, body mass 
index; DBP, diastolic blood pressure; HELLP, hemolysis, 
elevated liver enzymes and low platelet count; IGR, 
intrauterine growth restriction; IVF, in vitro fertilization; LDH, 
lactate dehydrogenase; PE, preeclampsia; SBP, systolic blood 
pressure. 
Categorical variables are represented by absolute frequencies 
and percentages (n, %). Non-categorical variables are 
represented by mean ± s.e.m. 



 

 
Figure 1 Relationship between total cell-free DNA (cfDNA) and platelets (a), aspartate transaminase 

(AST) (b) and lactate dehydrogenase (LDH) (c) in the HELLP syndrome. GE, genome equivalents. 

 

laboratory parameters in a group of controls 

(n = 70) and a group of patients with PE 

(n = 67). They found a significant relationship 
between   cfDNA   levels   and   serum   AST 

(r = 0.31, P = 0.012) values, as well as between 

cfDNA and serum ALT levels (r = 0.46, 

Po0.001). In the Methods section, it was 

mentioned that pregnant women with 
eclampsia   or   HELLP    syndrome    were not 
enrolled. Nevertheless, ALT was signifi- 
cantly different between women with PE 

and controls (respectively, 15 (6–233) vs. 

12 (7–32), Po0.05). Although AST was not 
significantly different between groups, the 
range of variation in the PE group (10–148) 

vs. the control group (10–35) leads us to 
suspect that perhaps some patients with 
incomplete forms of HELLP syndrome were 
enrolled in the PE group. As far as we know, 
our study is   the   first   report   describing a 
relation among cfDNA levels and the 
parameters that name the syndrome. Further 
studies are needed to evaluate the usefulness 
of this determination at early diagnosis of 
hypertension in pregnancy or at debut of PE 
before diagnosis of HELLP in the third 
trimester. Also the predictive value of cfDNA 
for diagnosis of PE in the first trimester 
remains unknown. Finally, its applicability on 
the differential diagnosis with other acute 
liver diseases in the third trimester also 
remains unknown. 
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a negative reaction and blank control were 

included to minimize the risk of con- 

tamination. A conversion factor of 6.6 pg of 

DNA per cell was used to express the result as 

copy number or genome equivalents (GE per 

ml). 

Finally, serum AST, LDH and the platelet 

count were measured by standard methods. 

Maternal and neonatal demographic, and 
at-enrollment characteristics are shown in 

Table 1. At delivery, all of the newborn were 

preterm, five were males (26.3%), on average 

the newborn weighed 1907 ± 149 g and one of 

them was complicated by the intrauterine 

death (5.3%). 

Regarding cfDNA and the biochemical 
parameters that define the syndrome, we 
observed an inverse relation of cfDNA with 

the platelet count (r = − 0.949, Po0.001), and 

a positive relation to levels of AST and LDH (r 

= 0.878, Po0.001 and r = 0.874, P = 0.004, 

respectively) (Figure 1). 
Our finding might be of interest since 

hemolysis   (LDH    values),    hepatolysis (AST 

values) and thrombocytopenia are the 

elements that define the syndrome. We did 

not find a similar description in the literature 

in patients with HELLP syndrome. However, 

Lazar et al.13 measured cfDNA levels together 

with several clinical characteristics and 

2012 to Dr Villar) de la Junta de Andalucía, and 
Instituto de Salud Carlos III (PI10/02473 to PS). 

 

 
 



 
 

 
Hospital Universitario Virgen del Roc´ıo, 

Seville, Spain 
E-mail: stiefel@cica.es 

 
 

 
1 The American College of Obstetricians and Gynecolo- 

gists. Hypertension in pregnancy. Report of the 

American College of Obstetricians and Gynecologists' 

Task Force on Hypertension in Pregnancy. Obstet 

Gynecol 2013; 122: 1122–1131 

2 Matsubara K, Matsubara Y, Mori M, Uchiokura Y, 

Hamada K, Fujioka T, Hashimoto H, Matsumoto T. 

Immune activation during the implantation phase 

causes preeclampsia-like symptoms viz the CD40- 

CD40 ligand pathway in pregnant mice. Hypertens 

Res 2016; 39: 407–414. 

3 Vallejo-Maroto I, Miranda-Guisado ML, Stiefel García- 

Junco P, Pamies-Andreu E, Marenco MD, Castro de 

Gavilan D, Carneado de la Fuente J. Clinical and biolo- 

gical characteristics of a group of 54 pregnant women 

with HELLP syndrome. Med Clin 2004; 122: 259–261. 

 

 

 
4 Miranda ML, Vallejo A, Villar J, Cerrillo L, Marenco ML, 

Stiefel P. The syndrome of hemolysis, elevated liver 

enzymes and low platelet count (HELLP syndrome): 

clinical characteristics and maternal-fetal outcome in a 

series of 172 consecutive patients. Pregnancy Hyper- 

tens 2011; 1: 164–169. 

5 Vallejo-Vaz AJ, Stiefel P, Alfaro V, Miranda ML. Isolated 

abducens nerve palsy in preeclampsia and hypertension 

in pregnancy. Hypertens Res 2013; 36: 834–835. 

6 Liu L, Han X, Huang Q, Zhu X, Jang J, Liu H. Increased 

neuronal seizure activity correlates with excessive 
systemic inflammation in a rat model of severe 

preeclampsia. Hypertens Res 2016; 39: 701–708. 

7 Mell B, Abdul-Majeed S, Kumarasamy S, Waghulde H, 

Pillai R, Nie Y, Joe B. Multiple blood pressure loci with 

opposing blood pressure effects on rat chromo- some 

1 in a homologous region linked to hypertension on 

human chromosome 15. Hypertens Res 2015; 38: 

61–67. 
8 Anumba 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. 

 
 
 

 
 

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 Uzuelli   JA,   Dias-Junior   CA,   Izidoro-Toledo   TC, 

Gerlach RF, Tanus-Santos JE. Circulating cell-free 
DNA levels increase with severity in experimental acute 
pulmonary thromboembolism. Clin Chim Acta 2009; 

409: 112–116. 

11 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. 

12 Sibai   BM.   The   HELLP   syndrome   (hemolysis, 

elevated liver enzymes, and low platelets): much ado 
about nothing? Am J Obstet Gynecol 1990; 162: 

311–316. 

13 Lazar L, Rigó J, Nagy B, Balogh K, Makó V, Cervenak L. 

Relationship of circulating cell-free DNA levels to cell- 
free fetal DNA levels, clinical characteristics and 
laboratory parameters in preeclampsia. BMC Med Genet 

2009; 10: 120–126. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Hypertension Research 

mailto:stiefel@cica.es

