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Abstract

Objective: To evaluate whether early-onset severe preeclampsia prior to 34 weeks’ gestation is clinically different when associated
with antiphospholipid antibodies. Design: A retrospective case-control study. Setting: Single university-affiliated tertiary refer-
ral center Population: 55 women with singleton pregnancies who delivered prior to 34 weeks’ gestation due to preeclampsia with
severe features. Methods: Out of the 101 women with preeclampsia with severe features, the antiphospholipid antibodies status
of 55 was available for analysis. The study group comprised 20 women with positive antiphospholipid antibodies (positive-aPL
group), while the control group comprised 35 women without antiphospholipid antibodies (negative-aPL group). Main outcome
measures: Obstetric and neonatal outcomes, laboratory results and pregnancy complications. Results: Positive-aPL women
were hospitalized earlier (29, IQR 26.3–32, vs. 32, IQR 28-33 weeks gestation, p=0.05), gave birth at a significantly earlier
gestational age (30, IQR 28.3-32.8 vs. 33, IQR 30-34, p=0.02) with a lower mean birth weight (1266.7±579.6 vs. 1567.3±539.7
grams, p=0.058) compared with negative-aPL women. Furthermore, platelet nadir was significantly lower for positive-aPL com-
pared with negative-aPL women (97.2±49.7103/μL vs 141.3±61.13/μL, p<0.001) and maximal serum creatinine was higher

(1.02±0.32 mg/dL vs. 0.92±0.13 mg/dL, p=0.03). Rates of neonatal complications were low and comparable between groups,

although there was a trend for higher perinatal mortality among study group infants. Conclusions: The presence of antiphospho-

lipid antibodies in women with early-onset preeclampsia with severe features is associated with earlier, more severe multi-organ

involvement. Expedited screening for antiphospholipid antibodies in cases of early-onset severe preeclampsia may be considered.

Tweetable abstract

The presence of aPL antibodies in women with early-onset preeclampsia is associated with more severe
multi-organ involvement.

Key words: Antiphospholipid antibodies; antiphospholipid syndrome; early-onset preeclampsia; HELLP
syndrome; preeclampsia; pregnancy complications; obstetrics outcomes; neonatal outcomes; thrombophilia.

Introduction

Hypertensive disorders of pregnancy remain one of the leading causes of maternal and perinatal morbidi-
ty and mortality. It is estimated that preeclampsia complicates 2-8% of pregnancies,1-4 and is classically
characterized by new onset of hypertension and proteinuria1-3,5 although clinical presentations may vary.6

Preeclampsia can be defined as either non-severe or severe, depending on the severity of hypertension or the
presence of specific clinical or laboratory criteria (i.e. HELLP syndrome, eclampsia, etc).7-10 Preeclampsia
with severe features may lead to end organ damage, including the central nervous system, cardiovascular
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system, coagulation, liver and kidney.11 Early-onset preeclampsia before 34 weeks’ gestation is generally
associated with a more severe clinical course for the mother, as well as neonatal complications related to
prematurity.12-13 Although the exact pathogenesis of preeclampsia in not fully appreciated, several clinical
risk factors have been identified, such as nulliparity, previous history of preeclampsia, multifetal gestation,
pregestational diabetes, chronic hypertension, renal disease, obesity, thrombophilia, systemic lupus erythe-
matosus as well as antiphospholipid antibody syndrome.14-16

Antiphospholipid syndrome (APS) is an autoimmune, hypercoagulable state caused by the presence of an-
tiphospholipid antibodies (aPL antibodies). aPL antibodies have been associated with a variety of obstetric
complications, including recurrent pregnancy loss, and placental mediated complications, such as early-onset
preeclampsia, intrauterine growth restriction, placental insufficiency, placental abruption, preterm delivery
and late fetal loss.17-23

Despite the amassed body of evidence describing the association between aPL antibodies and preeclampsia,
the significance of the presence of aPL antibodies in preeclamptic women with severe features has not been
thoroughly elucidated. Specifically, it is unclear whether early-onset severe preeclampsia before 34 weeks
gestation presents with different clinical features when associated with antiphospholipid antibodies.

Therefore, the aim of our study was to determine if the presence of aPL antibodies is associated with different
maternal or neonatal clinical characteristics in those with early-onset preeclampsia who delivered prior to
34 weeks.

Materials and Methods

Study design and population

This is a retrospective case-control study comparing the clinical characteristics and outcomes of singleton
pregnancies in women with preeclampsia with severe features who were delivered prior to 34 weeks of gestation
with and without aPL antibodies. The study was conducted in a single university-affiliated tertiary referral
center. Data were collected from the medical chart of pregnancies presenting with the above diagnosis between
2005 and 2014.

All women who gave birth to a singleton neonate at or before 34 weeks gestation with the discharge diagnosis
of severe preeclampsia were considered for inclusion in the study. The primary exposure of interest consisted
of the presence or absence of aPL antibodies. Medical records of eligible study participants were scanned to
document the results of aPL antibodies work-up. Women with no evidence of aPL antibodies work-up results
in their medical charts were contacted by phone after delivery and invited to complete an aPL antibodies
work-up in our institution. Therefore, the presence or absence of aPL antibodies was documented after
delivery and did not impact on clinical management during pregnancy or delivery.

Inclusion criteria included: 1. Delivery at or before 34 completed weeks of gestation because of preeclampsia
with severe features; 2. Singleton pregnancy.

Exclusion criteria included: 1. Multifetal pregnancy; 2. Lack of available data on pregnancy and delivery;
3. Pregnancies complicated with congenital anomalies; 4. Lack of information on the presence or absence of
aPL antibodies.

Presence of aPL antibodies was defined as any single positive antiphospholipid test, including lupus anticoa-
gulant (LAC), anticardiolipin (aCL) IgG or IgM, and anti- β2-glycoprotein1 IgG or IgM. The presence of LAC
was confirmed by two different clotting assay principles: activated partial thromboplastin time (APTT)-based
assays and dilute Russell’s viper venom time (dRVVT). The presence of aCL and anti-β2GP1 antibodies of
IgG or IgM isotype was tested by standardized enzyme-linked immunosorbent assay (ELISA). Moderate to
high levels of aCL IgM/IgG and anti-β2GP1 IgG/IgM were defined as >99th percentile or >40 GPL or MPL
units, according to the cutoff levels recommended in the revised Sapporo criteria.20
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Within this cohort of pregnant women with preeclampsia with severe features who gave birth prior to 34
completed weeks, we therefore compared two groups: the study group – aPL-positive group - comprised of
women with evidence for the presence of aPL antibodies, while the control group - aPL-negative group -
included women with no evidence of aPL antibodies. Confirmatory repeat testing of aPL antibodies was
recommended to all participants, but the results were not available for this study.

Outcome measures

Demographic and clinical data were collected from the electronic records of all patients and neonates. The
following characteristics were determined: Maternal age, gravidity, parity, maternal disease (i.e. diabetes
mellitus, chronic hypertension), length of pre- and post-delivery hospital stay; blood pressure measurements;
blood work results; symptoms; pregnancy complications (i.e. intra-uterine growth restriction, placental
abruption); mode of delivery; gestational age at delivery; birth weight; Apgar score; sex. Also recorded were
the following neonatal complications: respiratory distress syndrome (RDS), bronchopulmonary dysplasia
(BPD), intraventricular hemorrhage (IVH), periventricular leukomalacia (PVL), retinopathy of prematurity
(ROP) and necrotizing enterocolitis (NEC) as well as neonatal death.

Clinical definitions

Preeclampsia with severe features was defined according to the ACOG criteria.1 Women were diagnosed
with preeclampsia if they had new-onset elevated blood pressure (with systolic blood pressure greater than
140mmHg and/or diastolic blood pressure greater than 90mmHg on two occasions at least 4 hours apart) at or
after 20 weeks of gestation or acute worsening of chronic blood pressure, with or without proteinuria (urinary
excretion of 300mg protein/day). Severe features included systolic blood pressure greater than 160mmHg
and/or diastolic blood pressure greater than 110mmHg, platelet count<100,000/ml, liver enzymes twice the
normal concentration or symptoms of liver failure, right upper quadrant or epigastric pain, serum creatinine
>1.1mg/dl, pulmonary edema, and/or new-onset cerebral or visual disturbances.

HELLP syndrome was defined by the clinical presentation of hemolysis, elevated liver enzymes, and low
platelet count. We used the following criteria to make a diagnosis: lactate dehydrogenase (LDH) elevated
to 600IU/L or more, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) elevated more
than twice the upper limit of normal, and the platelets count less than 100,000 x 109/L.24

Birth weight was obtained immediately after birth using a standard electrical scale. Diagnosis of small for
gestational age (SGA) was made using recorded birth weight and customized local nomograms25 and defined
as birth weight less than the 10th percentile for gestational age and sex. Respiratory distress syndrome
(RDS) was defined as the presence of clinical signs of respiratory distress (tachypnea, retractions, flaring,
grunting, or cyanosis), with a requirement for supplemental oxygen with a fraction of inspired oxygen of
more than 0.21 and a chest radiograph showing hypo-aeration and reticulogranular infiltrates. Respiratory
support was characterized as continuous positive airway pressure (CPAP) or mechanical ventilation oxygen
supplementation. Jaundice was defined as hyperbilirubinemia requiring treatment, and sepsis was confirmed
by positive blood cultures. Hypoglycemia was defined as a glucose level of less than 40mg per deciliter at
any time.

Statistical analysis

Continuous variables are presented as means and standard deviation or as median and inter-quartile range
(IQR). Normality of the data was tested using the Shapiro-Wilk or Kolmogorov-Smirnov tests. Univari-
ate comparison of continuous variables with normal distribution and dichotomous data or other continuous
variables were performed with the use of student’s t test and Pearson correlation, respectively. Compari-
son between continuous variables not normally distributed was conducted with Mann–Whitney U test and
Spearman’s rank correlation. Categorical variables are presented as numbers and percentages. The Pear-
son’s chi-square and Fisher’s exact tests were used for comparison of categorical variables. The significance
threshold was set as p<0.05. Statistical analyses were conducted using the IBM Statistical Package for the
Social Sciences (IBM SPSS for windows v.20; IBM Corporation Inc, Armonk, NY, USA).
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The study protocol was approved by the Institutional Review Board at the Sheba Medical Center (9683-12-
SMC), and written informed consent was obtained from all participants.

Results

Out of 101 women with singleton pregnancies giving birth prior to 34 completed weeks of gestation due
to preeclampsia with severe features during the study period, the aPL antibodies status of 55 women was
available for analysis. The median gestational age at diagnosis was 31 (IQR 28-33), and the median gesta-
tional age at delivery was 32 (IQR (29-34) with a mean birth weight of 1458±568 grams. The study group
– aPL-positive group – comprised of 20 women, while the aPL-negative group comprised of 35 women who
served as controls. The antibodies distribution of the aPL-positive group is presented in Table 1.

Table 2 displays the demographic and clinical characteristics of the study and control groups. All participants
were Caucasian. Women in the study group were younger than controls (30.15±4.64 vs. 34.34±7.02, p=0.01),
but with higher gravidity (3, IQR 1.25-4.75, in the study group vs. 2, IQR 1-2, in controls, p=0.01). Medical
history of chronic hypertension and diabetic mellitus, pre-gestational or gestational, were comparable between
the two groups. There were 2 cases of systemic lupus erythematosus among study group cases and one among
controls. Additionally, there was one case of glomerulonephritis and one case of Behҫet’s disease among the
study group.

The obstetric outcomes and pregnancy complications for pregnancies in aPL-positive and aPL-negative
women are presented in Table 3. Median gestational age at hospitalization was three weeks earlier in aPL-
positive women compared with aPL-negative women (29, IQR 26.28–32, vs. 32, IQR 28-33 weeks gestation,
respectively, p=0.05). aPL-positive women delivered at significantly earlier gestational age (30, IQR 28.3-32.8
weeks, vs. 33, IQR 30-34 weeks, p=0.02) with lower mean neonatal birth weight compared with those with
negative aPL antibodies (1266.7±579.6 grams vs. 1567.3±539.7 grams, respectively, p=0.058). There were
two peripartum fetal deaths in our cohort, both to aPL-positive mothers. One case was an antepartum fetal
death at 27 weeks gestation of a severely growth-restricted fetus, and the other case was a severely growth-
restricted neonate born at 24 weeks gestation who died at two days of age from complications of prematurity.
The rate of cesarean section was high and comparable between the groups. Furthermore, women in the aPL-
positive group were hospitalized for a longer period after delivery compared with aPL-negative group women
(9, IQR 6-12, vs. 7, IQR 6-9 days, respectively, p=0.03).

In order to assess the severity of the disease, we evaluated clinical and laboratory characteristics of preeclamp-
sia with severe features in both groups. Although maximal systolic blood pressure was lower for aPL-positive
women compared with aPL-negative controls (149.72±22.6, vs. 170.03±23.1, p=0.004), overall disease se-
verity was more significant for aPL-positive women. Platelet nadir was significantly lower for aPL-positive
compared with aPL-negative women (mean 97.2±49.7103/μL vs. 141.3±61.13/μL, respectively, p<0.001)
and maximal serum creatinine was higher (1.02±0.32 mg/dL vs. 0.92±0.13 mg/dL, p=0.03). Moreover, both
cases of eclampsia occurred in the aPL-positive women. Table 3 outlines the frequency of severe pregnancy
complications in both groups.

Twenty neonates were born to aPL-positive mothers, and 35 to aPL-negative mothers (Table 4). Rates of
complications of prematurity were comparable between groups, except for higher rates of retinopathy of
prematurity in women with positive aPL antibodies (30.0% vs. 5.7%, p=0.02).

As mentioned above, there were two antepartum fetal deaths in our cohort, both to study group mothers.
Neonatal death before discharge occurred in one neonate born to an aPL-positive mother and one of 35
neonates born to aPL-negative mothers. Therefore, overall perinatal mortality was higher for aPL-positive
women compared with aPL-negative women, although not statistically significant (3 out of 20 (15%) vs. 1
out of 35 (2.8%), p=0.13).

Discussion
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Main Findings

The results of our study indicate that when early-onset preeclampsia prior to 34 weeks gestation occurred in
aPL-positive women it was clinically more severe than in aPL-negative women. Women with positive aPL
antibodies presented and were hospitalized earlier, delivered at a significantly earlier gestational age and with
lower mean birth weight compared with women with negative aPL antibodies. Furthermore, platelet nadir
was significantly lower for aPL-positive women and maximal serum creatinine was higher, two characteristics
of preeclampsia with severe features. Although the study lacked the power to detect statistical differences in
rare events, the rate of fetal/neonatal death and eclampsia was higher in women with positive aPL antibodies.

Interpretation

Preeclampsia is one of the leading causes of maternal morbidity and mortality, and contributes significantly
to neonatal morbidity and mortality, mainly due to indicated preterm delivery.26Preeclampsia constitutes
one of the pregnancy complications accompanying APS, and 11-17% of women with preeclampsia will test
positive for aPL antibodies.17,27-30 In addition to an increased risk for vascular thrombosis in women with
APS, the association between aPL antibodies and placenta mediated pregnancy complications, including
early-onset preeclampsia, is part of the definition of APS.17-23,31Nevertheless, the severity of preeclampsia
with regard to aPL antibodies status has not been elucidated. The novelty of the present study is in the
association of these antibodies with the severity of early onset preeclampsia, including obstetric and neonatal
outcomes.

The association between aPL antibodies and preeclampsia is well established, both from cohort and case-
control studies,32 as well as two large meta-analyses. The meta-analysis by do Prado et al. included 12
studies, and found a pooled odds ratio (OR) for association of aCL with preeclampsia of 2.86 (95% CI
1.37-5.98). Pooled OR for aCL with preeclampsia with severe features was 11.15 (95% CI 2.66–46.75). In
studies involving patients with mild preeclampsia, this association was weaker, indicating a dose–response
relationship and supporting the possibility of a causal association.33 A second meta-analysis by Abou-Nassar
et al. included 28 studies, and found an association between LAC and preeclampsia in case-control studies
(OR 2.34; 95%CI 1.18-4.64), but not in cohort studies. aCL IgG was associated with preeclampsia in case-
control studies (OR 1.52, 95% CI 1.05–2.2), and anti-β2GP1 was associated with preeclampsia in cohort
studies (OR 19.14, 95% CI 6.34–57.77).34These associations suggest a correlation between preeclampsia and
antiphospholipid antibodies. In addition, a prospective evaluation of 1155 women revealed that women
with antiphospholipid antibodies had an increased risk for pregnancy-induced hypertension (OR 5.5; 95%
CI 2.3-13.5) and severe pregnancy-induced hypertension (OR 8.1 for any aPL antibody, 95% CI 2.2-29.4;
and OR 143 for multi-positive).20 These epidemiologic findings are consistent with animal studies.32 Murine
studies on the effects of aPL antibodies have found complement mediated fetal injury in APS,35-38 while
placentas from human pregnancies affected by APS also show increased complement deposition.35,39 Hence,
complement activation is a possible pathway through which aPL antibodies may lead to adverse pregnancy
outcomes.

According to the American College of Obstetrics and Gynecology, although preterm preeclampsia with severe
features and early-onset placental insufficiency are indicated as clinical criteria for the diagnosis of APS by
expert consensus,31 insufficient evidence exists to support screening for the presence of aPL antibodies and
treatment of women with these conditions to improve subsequent pregnancy outcomes.17 The findings in
our study suggest that the presence of aPL antibodies in women with preeclampsia with severe features
that deliver prior to 34 weeks presents at an earlier gestational age and affects the severity of the disease.
These findings might strengthen the recommendation to screen for aPL antibodies in cases of past or present
early-onset preeclampsia with severe features. Furthermore, the presence of aPL antibodies should be cause
for diligent scrutiny of these pregnancies to detect complications and evidence for end-organ damage in a
timely fashion, thus allowing for adequate intervention for mother and fetus.

Strengths and Limitations

Several limitations of our study should be acknowledged. First, the study is limited by the relatively small
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number of participants in the study. Second, the study is retrospective in design, therefore susceptible to
confounding factors. The retrospective observational design of the study precludes comments on causality in
the association between aPL antibodies and the severity of preeclampsia and preterm birth. Third, the study
lacks adequate power to detect differences in rare events, i.e. neonatal mortality and significant neonatal
morbidity. Nevertheless, since women with positive-aPL and early-onset preeclampsia with severe features
delivered significantly earlier compared with those with negative-aPL, it is possible that a larger sample
size would have found a statistically significant benefit in neonatal outcome. Lastly, aPL antibodies were
determined once due to lack of success at obtaining repeat testing. It is clinically important to pursue repeat
confirmatory testing, but we acknowledge the difficulties in obtaining it. Of note, Erkan et al. showed that
positive aPL antibodies remained stable in 75% of cases.40 We promote caution in defining aPL-positive
women as suffering from full-blown APS. Nevertheless, it is interesting to note that although not complying
with the definition of APS, these women still demonstrate important clinical differences when compared with
aPL-negative women.

Among the strengths of our study is the novel association between the presence of aPL antibodies and the
clinical severity of early-onset preeclampsia. We specifically targeted a pre-defined phenotype of preeclampsia
that resulted in preterm delivery prior to 34 weeks gestation to delineate severe disease. All aPL antibodies
were tested using standardized techniques, and pregnancy outcomes were diagnosed using guidelines and
international criteria or definitions.

Conclusion

In conclusion, our findings confirm that the presence of antiphospholipid antibodies in women with early-
onset preeclampsia with severe features is associated with earlier, more severe multi-organ involvement. Early
screening for aPL antibodies in cases of preeclampsia should be encouraged, and optimal combination therapy,
in the current or the following pregnancy, should be considered in women with positive aPL antibodies to
improve pregnancy outcomes. To generalize our conclusions and search for causality in the association
between aPL antibodies and the severity of preeclampsia, high quality prospective multicenter randomized
control study should be conducted.
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Table 1. Antibody profile of the study population

Variable Incidence (n=20)

aCL 11
B2GP1 5
LAC 10
Double positive 4
Triple positive 2

Some participants tested positive for more than one aPL test.

aCL - Anticardiolipin antibody positive; LAC - Lupus anticoagulant positive; B2GP1 – β2 Glycoprotein1
antibody positive; Double positive – any 2 of 3 above (aCL, B2GP1, LAC) testing positive in the same
individual; Triple positive – all 3 testing positive in the same individual.

Table 2. Demographic and clinical baseline characteristics

Characteristic Study cohort – positive aPL (n=20) Control cohort – negative aPL (n=35) P value

Maternal age (years) 30.15 ± 4.64 34.34 ± 7.02 0.01
Gravidity 3 (1.25-4.75) 2 (1-2) 0.01
Chronic hypertension 2 (10%) 7 (20%) 0.46
Diabetes Mellitusa 1 (5%) 6 (17.1%) 0.24
SLE 2 (10%) 1 (2.9%) 0.55
Genetic thrombophiliab 3 (15%) 4 (9.3%) 1.0
Otherc 2 (10%) 0 0.13

Data are presented as median (interquartile range) or means (standard deviation) for continuous variables,
or as number (percent) for categorical variables.

aPL – Antiphospholipid antibodies; SLE – systemic lupus erythematosus

a Diabetes Mellitus refers to both pre-gestational and gestational diabetes.
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b Genetic thrombophilia – Heterozygous factor V Leiden or heterozygous factor II (prothrombin mutation
20210A)

c Other – includes one case of Behҫet’s disease and one case of glomerulonephritis

Table 3. Obstetrics outcome and pregnancy complications

Characteristic
Study cohort –
positive aPL (n=20)

Control cohort –
negative aPL (n=35) P value

GA at
hospitalization
(weeks)

29 (26.28-32) 32 (28-33) 0.05

GA at delivery
(weeks)

30 (28.3-32.8) 33 (30-34) 0.02

Birth weight
(grams)

1266.7 ± 579.6 1567.3 ± 539.7 0.058

Fetal death 2 (10%) 0 0.13
Cesarean section 18 (90%) 31 (88.6%) 1
Length of
hospitalization
post-delivery (days)

9 (6-12) 7 (6-9) 0.03

HELLP syndrome 7 (35%) 9 (25.7%) 0.67
Eclampsia 2 (10%) 0 0.13
Placental abruption 1 (5%) 2 (5.7%) 1.0
Pulmonary
embolism

0 0 1.0

DIC 1 (5%) 0 1.0
Sepsis 1 (5%) 0 1.0

Data are presented as median (interquartile range) or means (standard deviation) for continuous variables,
or as number (percent) for categorical variables.

GA – Gestational age; aPL – Antiphospholipid antibodies;HELLP - hemolysis, elevated liver enzymes and
low platelet count; DIC - Disseminated intravascular coagulation

Table 4. Neonatal outcome

Characteristic Study cohort – positive aPL (n=20) Control cohort – negative aPL (n=35) P value

Small for gestational agea 5 (25%) 6 (17.1%) 0.73
Apgar score [?] 7 at 5-minute 3 (15%) 3 (8.6%) 0.65
Length of NICU hospitalization (days) 34 (16.75-57.75) 30 (19.5-76.5) 0.93
Respiratory distress syndrome (RDS) 10 (50%) 13 (37.1%) 0.52
Intra-ventricular hemorrhage (IVH) 2 (10%) 5 (14.3%) 0.7
IVH 3+4 0 1 (2.9%) 1
periventricular leukomalacia (PVL) 0 0 1
Necrotizing enterocolitis (NEC) 1 (5%) 2 (5.7%) 1
Sepsis 4 (20%) 2 (5.7%) 0.057
Seizures 0 1 (2.9%) 1
Hypoglycemia 1 (5%) 4 (11.4%) 0.64
Hyperbilirubinemia 12 (60%) 21 (60 %) 1
CPAP or mechanical ventilation 7 (35%) 12 (34.3%) 1
Retinopathy of prematurity (ROP) 6 (30%) 2 (5.7%) 0.02
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Characteristic Study cohort – positive aPL (n=20) Control cohort – negative aPL (n=35) P value

Broncho-pulmonary disease (BPD) 1 (5%) 3 (8.6%) 1
Perinatal death 3 (15%) 1 (2.9%) 0.13

Data are presented as median (interquartile range) or means (standard deviation) for continuous variables,
or as number (percent) for categorical variables.

NICU – Neonatal intensive care unit; CPAP - continuous positive airway press

a Small for gestational age defined as birth weight percentile below the 10th percentile for the gestational
age based on customized nomograms.
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