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Key Points

• In this high-risk cohort of
persistently LA-positive
women, the risk of a
pregnancy complication
was as high as 70%
per pregnancy.

• A higher Rosner index,
representing circulating
anticoagulant activity,
was associated with an
increased risk of adverse
pregnancy outcomes.

Lupus anticoagulant (LA) has been associated with pregnancy complications and pregnancy

loss. Identification of predictive factors could aid in deciding on therapeutic management.

To identify risk factors for adverse pregnancy outcomes inhigh-riskwomenwith persistently

positive LA, we prospectively followed 82 women of childbearing age, of whom 23 had

40 pregnancies within the Vienna Lupus Anticoagulant and Thrombosis Study. Pregnancy

complications occurred in 28/40 (70%) pregnancies, including 22 (55%) spontaneous

abortions (,10th week of gestation [WOG]: n 5 12, 10th to 24th WOG: n 5 10) and 6

deliveries,34th WOG (15%, 3 due to severe preeclampsia/HELLP [hemolysis, elevated liver

enzymes, and a low platelet count] syndrome, 3 due to placental insufficiency). One abortion

was followed by catastrophic antiphospholipid syndrome. Neither a history of pregnancy

complications nor of thrombosis, or prepregnancy antiphospholipid antibody levels were

associated with adverse pregnancy outcomes. In logistic regression analysis, higher age

was associated with a lower risk of adverse pregnancy outcome (per 5 years’ increase: odds

ratio [OR] 5 0.41, 95% confidence interval [CI]: 0.19-0.87), a high Rosner index (index of

circulating anticoagulant) predicted an increased risk (OR 5 4.51, 95% CI: 1.08-18.93). Live

birth rate was 15/28 (54%) in women on the combination of low-molecular-weight heparin

and low-dose aspirin and 3/12 (25%) in those with no treatment or a single agent. We

conclude that the risk of severe, even life-threatening pregnancy complications and adverse

pregnancy outcomes is very high in women with persistent LA. A high Rosner index

indicates an increased risk. Improved treatment options for women with persistently

positive LA are urgently needed.

Introduction

The lupus anticoagulant (LA), anti–b-2-glycoprotein I (aß2GPI), and anticardiolipin (aCL) antibodies
represent a heterogeneous group of autoantibodies directed against anionic phospholipids or affiliated
plasma proteins and are collectively referred to as antiphospholipid antibodies (APLAs). The presence of
APLAs entails a prothrombotic state and an increased risk of pregnancy complications. The diagnosis of
the antiphospholipid syndrome (APS) is established in case of persistent positivity of at least one of the
APLAs and the occurrence of clinical manifestations like arterial or venous thrombosis or pregnancy
morbidity.1 Adverse pregnancy outcomes considered as a clinical criterion for the diagnosis of APS
include recurrent early abortions, fetal death, and premature birth due to preeclampsia (PE) and other
placenta-mediated complications.1
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The link between different APLA patterns and the clinical occur-
rence of pregnancy morbidity is ambiguous, and the body of
evidence is as yet limited and contradictory.2-4 These uncertainties
mostly result from inappropriate design and outcome reporting
of available studies, the limited availability of prospective studies,
the heterogeneity of investigated patient cohorts, and the large
variation in definition and diagnosis of APLAs. Especially the causal
association of APLAs and recurrent embryonic loss are often
questioned, whereas the association, especially of LA, triple APLA
positivity, and aCL antibody positivity, with late fetal death seems to
be more evident.4 On the other hand, placenta-mediated compli-
cations and intrauterine growth restriction have been associated
with all APLAs, although especially here data are limited. According
to available data, the association between LA and fetal death seems
to be most consistently reported.2,4 Also, clinical factors, like a
positive history for thrombosis and/or pregnancy morbidity, and
concomitant autoimmune rheumatic diseases, among others, have
been inconsistently linked to adverse pregnancy outcomes.3,5-14

The Vienna Lupus Anticoagulant and Thrombosis Study (LATS) is
an observational single-center cohort study including patients who
repeatedly tested positive for LA. Patients with and without clinical
manifestations of APS in terms of thrombosis and/or pregnancy
complications are included. In the current analysis, we evaluated the
occurrence of adverse pregnancy outcomes in our prospectively
followed cohort of patients with persistent LA positivity. Levels of
APLAs and related laboratory parameters before every pregnancy
and clinical factors were analyzed to identify risk factors for adverse
pregnancy outcomes in LA-positive patients.

Patients and methods

The Vienna LATS is conducted as an ongoing, biobank-based,
prospective observational, single-center cohort study. Details on
the LATS have been reported previously.15,16 Adult patients with
persistent LA positivity diagnosed according to current recommen-
dations, with or without previous clinical manifestation of APS as
thrombosis and/or pregnancy complications, were enrolled.17-19

Follow-up visits were performed every 6 months during the first
5 years and then once a year. Follow-up visits included the recording
of the patients’ clinical history, the performance of coagulation tests,
and the assessment of antiphospholipid antibodies. All patients
gave written informed consent before study inclusion. The ethics
committee of the Medical University of Vienna in accordance with
the Declaration of Helsinki approved the conduct of the study
(Ethics Committee no. 068/2001 and 1268/2014).

Determination of LA and antiphospholipid

antibody positivity

Blood samples were drawn with a 21-gauge butterfly needle (Greiner
Bio-One) into Vacuette tubes (Greiner Bio-One). All samples were
processed within 3 hours after venipuncture. The determination of
LA followed the recommendations of the Scientific and Standardi-
zation Committee20/International Society on Thrombosis and Hemo-
stasis.18,21 A lupus-sensitive activated partial thromboplastin time
(aPTT-LA; Diagnostica Stago, Asniere-sur-Seine, France) and a diluted
Russell’s viper venom time were used as screening tests. During
treatment with vitamin K antagonists, screening was performed only
using the aPTT. Confirmatory tests were performed as described in
the case of prolongations of 1 or both screening tests.22 The StaClot
LA (Diagnostica Stago) and the diluted Russell’s viper venom time–LA

Confirm (Life Diagnostics, Clarkston, GA) were applied as confirma-
tory tests. In the case of a not definitely positive confirmatory test during
the follow-up period, the patient was still regarded as LA positive if the
Rosner index, calculated as 100 3 (clotting times of the 1:1 mixture-
normal plasma)/patient’s plasma, was $15.23 In the current study,
the Rosner index (index of circulating anticoagulant, %) was analyzed
as a continuous parameter.

For the determination of aCL and aß2GPI, immunoglobulin G (IgG)
and IgM antibodies commercially available indirect solid-phase enzyme
immunoassays were used following the manufacturers’ instructions.
For the determination of aCL, the Varelisa Cardiolipin test (Pharmacia
[Phadia AB], Uppsala, Sweden) was performed semiautomatically
with a Tecan Genesis liquid handling system (Tecan Group Ltd,
Maennedorf, Switzerland) between 2001 and September 2005. Anti-
b2GPI IgG and IgM antibodies were determined using the QUANTA
Lite b2GPI (Inova Diagnostics) from 2001 to September 2006. From
October 2005, the Orgentec Cardiolipin and, from October 2006, the
Orgentec b2GPI tests (both from Orgentec, Mainz, Germany) were
performed on a fully automated BEP2000 Advance System (Siemens
Healthcare Diagnostics, Marburg, Germany). In the current analysis,
aCL and aß2GPI antibodies were used as continuous variables. For
the definition of triple antibody positivity, the following cutoffs were
applied: aCLs were regarded as positive if .40 IgG phospholipid
units (GPL)/IgMphospholipid units (MPL) U/mL (VarelisaCardiolipin and
Orgentec Cardiolipin test), according to the recommendations,1 and
positivity for aß2GPI IgG and IgM was defined as results.8 GPL/MPL
U/mL, corresponding to the 99th percentile of healthy controls
(Orgentec b2GPI test). For the analysis of prepregnancy labora-
tory parameters as risk factors for pregnancy complications, the last
available measurement before the respective pregnancy was used.

Definition of adverse pregnancy outcomes

Pregnancy complications were categorized as follows: Spontane-
ous abortion ,10th week of gestation (WOG), unexplained fetal
death $10th WOG, and premature birth ,34th WOG due to
eclampsia or severe PE or other features of placental insufficiency.
Definitions of pregnancy complications are based on the current
recommendations by Miyakis et al.1 In detail, diagnosis of PE was
based on new onset of both hypertension (systolic blood pres-
sure $140 mm Hg and/or diastolic blood pressure $90 mm Hg)
and proteinuria ($300 mg of protein per 24-hour urine collection,
or protein to creatinine ratio $30 mg/mmol) after gestational
week 20, and severe PE was defined by the presence of sustained
severe hypertension (2 or more recordings of systolic pressure
of$170 mmHg or diastolic pressure of$110 mmHg), or evidence
of multisystem disorder. The diagnostic criteria for placental in-
sufficiency included (1) intrauterine growth restriction 5 estimated
fetal weight,5th percentile, (combined with) (2) abnormal Doppler
flow velocimetry waveform analysis suggestive of fetal hypoxemia
(eg, absent end-diastolic flow in the umbilical artery), or (3) new
onset of oligohydramnios (amniotic fluid index #10th percentile).

Statistical methods

All statistical analyses were performed using Stata 14.0 (Stata
Corp, Houston, TX). Continuous variables were summarized as
medians (25th to 75th percentile), whereas count data were
reported as absolute frequencies (%). Median follow-up was
estimated with a reverse Kaplan-Meier estimator according to
Schemper and Smith. The risk of pregnancy complications was
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computed with a generalized linear model with a normal link
function. Importantly, confidence intervals (CIs) and P values
were adjusted to account for dependency structure of the data
(ie, that 1 woman could contribute .1 pregnancy). Uni- and
multivariable logistic regression models, again with adjustment
for dependency, were used for quantifying associations be-
tween prepregnancy covariates and the odds of pregnancy
complications.

Results

Occurrence of pregnancies and

pregnancy complications

At the time of analysis, 165 patients were included in LATS, of
whom 136 (82%) were women. Eighty-two (60%) of the 136
women were of childbearing age (#45 years) at study inclusion
and were followed up for a median interval of 9.0 years (25th
to 75th percentile: 3.5-13.5) and 580 study visits. During this
follow-up period, 24 (29%) of the 82 women of childbearing age
had at least 1 pregnancy. In detail, we observed 42 pregnancies in
these 24 patients, of which 40 were singleton and 2 were twin
pregnancies. The median number of pregnancies per woman
during the observation period was 1 (25th to 75th percentile: 1-2)
and ranged from 1 pregnancy to a maximum of 4 pregnancies:
(n 5 13 [54%] with 1 pregnancy, n 5 6 [25%] with 2 pregnan-
cies, n 5 3 [13%] with 3 pregnancies, and n 5 2 [8%] with
4 pregnancies), respectively. One termination of pregnancy and
1 tubular pregnancy were excluded from data analysis, as they are
not antiphospholipid antibody-related pregnancy complications by
definition. Finally, 40 pregnancies (38 singleton, 2 twin pregnan-
cies) in 23 LA-positive individuals were analyzed (Figure 1).

The primary endpoint of a pregnancy complication occurred in 28
out of 40 pregnancies. This corresponded to an overall pregnancy
complication risk of 70% per pregnancy (95% CI: 56-84).

Individual pregnancy complications included 22 spontaneous
abortions (,10thWOG: n5 12, 10th to 24thWOG: n5 10 [n5 1
associated with catastrophic antiphospholipid syndrome], and
6 deliveries ,34th WOG [3 due to severe PE/HELLP (hemolysis,
elevated liver enzymes, and a low platelet count) syndrome, and 3
due to placental insufficiency]), respectively. Twelve pregnancies
ended with births $34th WOG, of which 11 were uneventful and
one was associated with mild PE. No fetal deaths were observed
in the 6 deliveries ,34th WOG (caesarian section, n 5 6), or the
12 deliveries $34th WOG (caesarian section, n 5 8; vaginal
delivery, n 5 4). The birth weight, available for all but 1 uneventful
pregnancy, was significantly lower in the 6 children born alive
,34th WOG in comparison with these born $34th WOG
(1345 g [1110-2330] and 2970 g [2750-3130], P 5 .002). The
calculated birth weight percentiles by gestational age were lower
but not significantly different between these 2 groups (21 [10-45]
and 32 [21-58], P 5 .314). In the 6 deliveries ,34th WOG, the
birth weight by gestational age was below the 5th percentile in 1
out of 6 and below the 10th percentile in 3 out of 6 newborns,
whereas only 1 out of 11 newborns $34th WOG was below the
10th percentile.

Among the 23 women with at least 1 pregnancy, only 5 did not
experience a pregnancy complication, which constituted a preg-
nancy complication risk per woman with at least 1 pregnancy of
78% (95% CI: 61-95).

Association of clinical factors and prepregnancy

antibody profile with pregnancy complications

No statistically significant differences in the distribution of prepregnancy
covariates were observed between uneventful pregnancies and
pregnancies with complications, except for the Rosner index,
indicating the strength of circulating anticoagulant activity, which
was significantly higher in pregnancies that resulted in compli-
cations (dependency-adjusted P 5 .043; Table 1). The median
aPTT-LA, an in vivo biomarker of LA potency, was 15 seconds
longer in complicated pregnancies, although this was only
borderline statistically significant with the small numbers we
had (dependency-adjusted P5 .056). Similarly, without reaching
statistical significance, triple antibody positivity was more
common in patients with than without pregnancy complications
(61% and 36%, dependency-adjusted P 5 .182; Table 1), and
pregnancy complications were less frequent in women exposed
to a combination therapy of LDA and low-molecular-weight heparin
(LMWH) during pregnancy (dependency-adjusted P 5 .285;
Table 1).

In univariable logistic regression, higher age at pregnancy was
associated with lower odds of pregnancy complications (odds
ratio [OR] per 5 years’ increase in age 5 0.41, 95% CI: 0.19-0.87,
P5 .013), which did not prevail after adjustment for the Rosner index
(supplemental Table 1). Autoimmune rheumatic disease status did
not emerge as a predictor of pregnancy complication risk in our
analysis (Table 2; supplemental Table 1). The odds of experienc-
ing a pregnancy complication were lower in number but not in
statistical significance in patients exposed to LDA/LMWH combina-
tion therapy in comparison with other types of or no anticoagulant
treatment.

Among antiphospholipid laboratory characteristics, a higher Rosner
index was univariably associated with a higher risk of pregnancy
complications (OR per doubling 5 4.51, 95% CI: 1.08-18.93,
P 5 .039). A numeric association between a prolonged aPTT-LA
and a higher risk of pregnancy complications did not reach
statistical significance, similarly to the results for triple antibody
positivity. IgM- and IgG-isotype antibodies against Cardiolipin or
b2GPI did not appear to harbor information on the pregnancy

EXCLUSION

•   n=19 men
•   n=54 women not of child-
    bearing age (i.e.  45 years
    at the time of data cut-off)

EXCLUSION

•   n=58 women of child-
    bearing age (i.e.  45 years
    at the time of data cut-off)
    who did not become pregnant
•   n=1 women with induced
    interruption
•   n=1 tubular pregnancyANALYSIS DATASET

n=23 women with
40 pregnancies

WOMEN OF CHILD-
BEARING AGE

n=82 patients
n=580 study visits

Median FU: 9.0 years

LATS COHORT

n=165 patients
Data cut-off: Jun, 1st, 2017

Figure 1. Patient inclusion flowchart. FU, follow-up.
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complication risk. In the multivariable logistic regression models
provided in supplemental Table 1, the prognostic association of
the Rosner index for an increased risk of pregnancy complications
prevailed after adjustment for a history of thrombosis or a history of
prior pregnancy complications, or after adjustment for the diagnosis
of an autoimmune rheumatic disease or treatment with low-dose
aspirin (LDA) and LMWH. Nonetheless, after adjustment for age,
the association lost statistical significance. This is due to the fact
that higher age was associated with a lower Rosner index as well
as lower odds of pregnancy complications. In the multivariable
models, including each laboratory variable, the association between
the Rosner index and pregnancy morbidity lost statistical signif-
icance after adjustment for aPTT-LA, aCL IgG, aß2GPI IgG or
IgM, or triple antibody positivity due to confounding and collinearity
of these factors.

Association of previous clinical history of thrombosis

and/or pregnancy complications with

pregnancy complications

Prior history of thrombosis or pregnancy complications did not
emerge as predictors of future pregnancy complication risk
(Table 2). In detail, 16 (74%) of the 23 women had a prior history
of 24 thrombotic events at study inclusion (isolated deep vein

thrombosis: n 5 19, isolated pulmonary embolism n 5 4, deep vein
thrombosis 1 pulmonary embolism, n 5 1). All of these 24 events
occurred in the venous vasculature. A prior history of venous
thrombosis was not associated with future risk of pregnancy
complications (x2 test, P 5 .563; Table 1; Table 2).

Sixteen of the 23 women (70%) had 33 pregnancies prior to study
inclusion. Thirteen of those 16 women had had a history of 24
pregnancy complications. Of the 33 pregnancies before study
inclusion, 24 had been complicated (spontaneous abortion ,10th
WOG: n 5 11, 10th to 24th WOG: n 5 13), and 9 uncomplicated
pregnancies had occurred. A prior history of pregnancy complica-
tions did not predict future pregnancy complications (x2 test,
P 5 .530; Table 1; Table 2).

Regarding their index presentation at study inclusion, 8 patients
(35%) could be considered as having a history of thrombotic
APS only (n 5 1 patient with a history of thrombosis and preg-
nancy but no history of pregnancy complications, and n5 7 patients
with a history of thrombosis but no prior pregnancy). Four patients
(17%) can be regarded as obstetric APS only (history of preg-
nancy complications, no history of thrombosis). Nine patients
(39%) had both, a previous history of thrombosis and pregnancy
complications. Two patients (9%) were LA positive without
a clinical manifestation of APS (no prior history of thrombosis

Table 1. Distribution of prepregnancy clinical and laboratory variables according to pregnancy complication status (n 5 40 pregnancies)

Variable

No pregnancy complication (n 5 12

pregnancies, N 5 6 women)

Pregnancy complication (n 5 28

pregnancies, N 5 17 women) P*

Demographic and clinical variables

Age at pregnancy onset (range), y 33 (31-37) 31 (28-35) .055

Prior history of venous thrombosis 10 (83) 21 (75) .563

Number of women with a prior history of venous thrombosis 5 (83) 12 (71) .541

Number of women with a prior history of arterial thrombosis 0 (0) 0 (0) N/A

Prior history of pregnancy complications† 6 (50) 17 (61) .530

Number of women with a prior history of pregnancy complications† 4 (67) 9 (53) .560

Autoimmune rheumatic disease‡ 4 (33) 6 (21) .435

LDA alone 0 (0) 2 (7) .485

LMWH alone 0 (0) 5 (18) .298

LDA1LMWH 10 (83) 18 (64) .285

Laboratory variables

Rosner index 34 (26-42) 36 (33-47) .043

aPTT-LA, s 81 (75-100) 96 (82-113) .056

aCL IgM 6.2 (1.9-23.0) 5.3 (2.9-9.8) .243

aCL IgG, GPL 25.8 (15.0-106.1) 51.8 (26.3-120.0) .198

ab2GPI IgM§ 5.0 (2.3-44.1) 2.9 (1.4-8.5) .229

ab2GPI IgG, GPL§ 41.0 (11.4-97.1) 44.8 (10.1-100.0) .788

Triple antibody positivity§ 4 (36) 17 (61) .182

Data represent either a median (25th-75th) for continuous variables or an absolute frequency (%) for count data. Data are reported for individual pregnancies, except for “Number of women
with a prior history of thrombosis” and “Number of women with a prior history of pregnancy complications,” which report data for individual women.
N/A, not applicable.
*P value for a difference between pregnancies with and without complications from a linear or generalized linear regression model taking into account the dependent data structure

(ie, that women could have .1 pregnancy).
†Pregnancy complications were defined according to revised Sapporo criteria.1

‡Autoimmune rheumatic disease was defined as 4 cases of systemic lupus erythematosus and 1 case of lupus-like disease.
§aß2GPI IgG/IgM antibodies missing in 1 pregnancy. Cutoffs for triple antibody positivity were defined as follows: aCL .40 GPL/MPL U/mL; ab2GPI IgG .8 GPL/MPL U/mL.
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or pregnancy complication). Interestingly, in an exploratory analysis,
a prior history of only obstetric APS predicted future pregnancy
complication risk, with all 4 women developing a future pregnancy
complication in all of their 5 future pregnancies. No association of
future pregnancy complication risk was seen for the other 3 sub-
group variables (data not shown).

Anticoagulant and additional treatment

during pregnancy

Anticoagulants were given during 35/40 pregnancies (Table 3).
In the majority of pregnancies (n 5 28), a combination of LDA
and LMWHwas given. Of these 28 pregnancies, 15 (53.6%) ended
in live births, whereas only 1 out of 5 pregnancies with LMWH
alone and 0 out of 2 pregnancies with LDA alone led to deliveries of
a live infant. During 5 pregnancies in 3 patients, no anticoagulant

treatment was administered, resulting in 3 abortions (,10th WOG:
n 5 2, $10th WOG: n 5 1), and 2 uneventful pregnancies with
deliveries $34th WOG (Table 3). Doses of LMWH are reported
in Table 4 according to the pregnancy outcome and the index APS
presentation at study inclusion.

Immunosuppressive agents were given during 6 pregnancies in
3 women with systemic lupus erythematosus. One of these
patients with 2 abortions (,10th WOG: n 5 1, 10th to 24th
WOG: n 5 1) and 1 uneventful pregnancy (delivery $34th
WOG) were treated with low-dose corticosteroids only. Two
patients took hydroxychloroquine: 1 patient additionally to LDA
alone in 1 pregnancy, resulting in an early pregnancy loss ,10th
WOG, and 1 further patient in combination with LDA and
LMWH during 2 pregnancies, resulting in an early delivery
,34th WOG due to HELLP (hemolysis, elevated liver enzymes,
and a low platelet count) syndrome, and 1 delivery $34th
WOG.

Discussion

In our cohort of persistently LA-positive patients, we observed a
very high rate of pregnancy complications, severely affecting the
fetuses as well as the mothers. The Rosner index, as a proxy
variable for lupus inhibitor potency, was identified as a prognostic
parameter for adverse pregnancy outcomes in a univariable
regression model. Higher age was univariably associated with
lower odds for adverse pregnancy outcomes in our cohort. Neither
a previous history of thrombosis or pregnancy complications nor
the diagnosis of a concomitant autoimmune rheumatic disease
was associated with an increased risk of pregnancy morbidity in
our patients.

The rate of pregnancy complications in our prospective study
in persistent LA-positive patients was 70% despite the initiation
of anticoagulant treatment with LMWH and LDA in the majority of
pregnancies. LA positivity was identified as the major risk factor for
pregnancy complications in the prospective PROMISSE study,
investigating pregnant patients with APLA and/or systemic lupus
erythematosus.8,24 In the subgroup analyses of LA-positive patients
only, adverse pregnancy outcomes occurred in 25/64 (39%) and
9/17 (53%) of pregnancies.8,24 These rates are lower than the
rate of 70% in our study, which might be explained by the fact
that, in contrast to our study, PROMISSE only included preg-
nancy complications after the 12th WOG. As the most common
pregnancy complication in our cohort was early abortion ,10th
WOG, this might explain our comparatively high complication rate.
Our data and the cohort of the PROMISSE study underline the
relevance of LA positivity as the strongest laboratory determinant of
pregnancy complication risk in the APS spectrum disorder.2,7,8,24,25

Clinical factors, which had been associated with poor pregnancy

Table 2. Univariable logistic regression models of pregnancy

complication risk (n 5 40 pregnancies)

Variable OR 95% CI

Demographic and clinical variables

Mean age (per 5-y increase) 0.41 0.19-0.87

Prior history of thrombosis 0.60 0.10-3.50

Prior history of pregnancy complications* 1.55 0.39-6.14

Autoimmune rheumatic disease† 0.55 0.12-2.5

LDA alone N/E N/E

LMWH (any dose level) alone N/E N/E

LDA1LMWH 0.36 0.06-2.02

Laboratory variables‡

Rosner index (per doubling) 4.51 1.08-18.93

aPTT-LA (per doubling) 5.21 0.80-33.87

aCL IgM (per doubling) 0.93 0.55-1.57

aCL IgG (per doubling) 1.42 0.90-2.23

aß2GPI IgM (per doubling)§ 0.74 0.49-1.12

aß2GPI IgG (per doubling) § 1.08 0.74-1.57

Triple antibody positivity§ 2.70 0.63-11.68

CIs were adjusted for the dependent data structure (ie, that women could have .1
pregnancy).
N/E, not evaluated.
*Pregnancy complications were defined according to revised Sapporo criteria.1

†Autoimmune rheumatic disease was defined as 4 cases of systemic lupus erythemato-
sus and 1 case of lupus-like disease.
‡Laboratory variables were log2-transformed to stabilize skewed distributions. Corre-

sponding ORs represent the relative increase in the odds of a pregnancy complication per
doubling of the respective laboratory parameter.
§aß2GPI IgG/IgM antibodies missing in 1 pregnancy. Cutoffs for triple antibody positivity

were defined as follows: aCL .40 GPL/MPL U/mL, ab2GPI IgG .8 GPL/MPL U/mL.

Table 3. Pregnancy outcomes according to anticoagulant treatment during pregnancy

No anticoagulation (n 5 5) LMWH alone (n 5 5) LDA alone (n 5 2) LMWH1LDA (n 5 28)

Abortion ,10 WOG 2 2 2 6

Late abortion 10-24 WOG 1 2 0 7

Birth ,34 WOG 0 1 0 5

Birth $34 WOG 2 0 0 10

Live birth rate 2/5 1/5 0/2 15/28
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outcomes in other studies on patients with APS, did not emerge
as prognostic factors for adverse pregnancy outcomes in our
study.24,26,27 However, prior manifestation as only obstetric APS
before study inclusion and not only thrombotic or both, obstetric
and thrombotic APS, seems to yield a higher risk for future
pregnancy complications. An effect of more intense treatment
in pregnancies of patients with a history of thrombotic or both,
thrombotic and obstetric manifestations in comparison with patients
with prior obstetric manifestations only, cannot be excluded.

A higher Rosner index (index of circulating anticoagulant, %) was
identified as a risk factor for adverse pregnancy outcomes in our
cohort of LA-positive individuals. The reported association might
represent a more severe LA phenotype and underlines the relevance
of LA as the major risk factor for pregnancy complications.

In the current study, anticoagulant treatment during pregnancy
was performed according to the treating physician, and thus our
study was not designed to evaluate the causal effect of anticoag-
ulant treatment strategies for prevention of LA-associated preg-
nancy complications. During all but 5 pregnancies, anticoagulant
treatment was given, with the majority receiving a combination
therapy of LDA and LMWH. The live birth rate was 54% in the
group treated with LDA and LMWH and only 25% in the group
receiving LDA or LMWH alone or no treatment. Nevertheless,
these data have to be interpreted with caution due to the low
patient numbers, especially in the group with LDA or LMWH alone
or no treatment.

Due to the lack of evidence from large randomized controlled
trials, there are no clear recommendations on the indication,
type, and dosage of anticoagulant treatment in pregnancies of
LA-positive women with or without previous thrombosis and/or
pregnancy complications.28 Few randomized controlled trials have
been performed in APLA-positive women with recurrent preg-
nancy loss and report conflicting results. In 2 of these randomized
trials, a superiority of treatment with LDA plus heparin vs LDA
alone with regard to the live birth rate was shown,29,30 with live
birth rates of 71% and 80% in the group treated with LDA plus
heparin and only 42% and 44% in the group with LDA alone,
whereas there was no difference in a further 2 studies with live
birth rates of ;80% in both treatment arms.31,32 Nevertheless,

these latter studies are controversial due to weaknesses in the
study design, patient selection, and unmet laboratory criteria
for APS diagnosis.33-36 Furthermore, the FRUIT-RCT trial did
not show a difference in the recurrence of APLA-associated
pregnancy complications in a small group of 32 pregnant women
who were aCL antibody positive (.10 GPL/MPL) and/or LA
positive, had a history of pregnancy complications, and were
randomized to LDA1LWMH or LDA only.37 In 3 meta-analyses,
the combination therapy with unfractionated heparin and LDA was
reported to have a beneficial effect on pregnancy outcomes in
patients with APS and recurrent pregnancy loss.38-40 However,
comparability of the data is limited due to small trial sizes and
varying selection of included patients and clinical heterogene-
ity concerning the antiphospholipid antibody status and previous
pregnancy morbidity. The live birth rates in the abovementioned
interventional studies were far better than those in our cohort.
The low live birth rate in our study in comparison with the previ-
ously reported rates is most probably attributed to the selection
of a high-risk cohort in this analysis, as all had persistently
positive LA. This low live birth rate also necessitates further
studies to allow for an improved stratification of patients according
to their individual risk for pregnancy loss in order to apply
tailored treatment strategies. Furthermore, the high-risk situa-
tion of LA-positive pregnant women requires a close interdisci-
plinary cooperation between LA specialists, obstetricians, and
rheumatologists.

The main limitation of the current study is the small number of
pregnant women in the observed cohort. However, women with
persistent LA according to the strict criteria of Miyakis et al are
indeed very rare.1 The major consequence of the small sample
size of our study is the inherent risk for “false negative” results (ie,
not detecting an association with the numbers we have when in
fact there is an association). This appears to be particularly the
case for the lupus-sensitive aPTT. The OR for association with
pregnancy complications was high, and its CI was strongly
“leaning to the right” of unity, which suggests an effect. A
confirmation of our results in a larger cohort of high-risk APLA
patients would be important. Second, our data report results of a
very selected group of high-risk LA-positive women. Therefore, the
results cannot be generalized to apply to other patient groups

Table 4. Number of pregnancies in each LMWH dose category according to pregnancy outcomes during the observation period and the

individual index APS presentation at study inclusion

No LMWH LMWH prophylactic dose* LMWH half-therapeutic dose† LMWH therapeutic dose‡

Pregnancy complication 5 4 7 12

Early abortion ,10th WOG 4 2 1 5

Late abortion 10th to 24th WOG 1 1 3 5

Delivery ,34th WOG 0 1 3 2

Uncomplicated pregnancy 2 1 4 5

Thrombotic APS 2 2 5 4

Obstetric APS 1 1 1 2

Thrombotic/obstetric APS 0 2 5 11

LA positivity only 4 0 0 0

*Enoxaparin-natrium 40 mg or dalteparin-natrium 5000 IU once daily, not adjusted to body weight.
†Enoxaparin-natrium 40 mg or dalteparin-natrium 5000 IU twice daily or adjusted to body weight (1 mg/kg body weight once daily for enoxaparin-natrium or equivalent).
‡Adjusted to body weight (1 mg/kg body weight twice daily or 1.5 mg/kg once daily for enoxaparin-natrium or equivalent).
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included in the APS spectrum disorder, such as patients with isolated
aCL or ab2GPI-positive antibody profile. However, we report on a
rigorously prospectively followed cohort of high-risk LA-positive
women. The strict inclusion criteria and the long observation period
of a median of 9 years are further strengths of the Vienna LATS.

We conclude that the risk for adverse pregnancy outcomes in
patients with persistent positivity for LA is extremely high, espe-
cially in patients with a more severe LA phenotype. In addition to
the high rate of fetal complications, mothers also frequently ex-
perienced severe and life-threatening pregnancy complications.
This finding reveals an unmet need for improved therapies for
these patients in order to raise the yet dismal live birth rate and
underscores the importance of LA as the strongest laboratory
risk factor for pregnancy complications in patients with an APS
spectrum disorder.

Acknowledgments

The authors thank Tanja Altreiter (Clinical Division of Hematology
and Hemostaseology, Department of Medicine I, Medical University
of Vienna) for proofreading the manuscript.

This work was supported by a studentship of the Austrian
Science Fund grant FWF-SFB54 “Inflammation and Thrombosis”
(F.P.).

Authorship

Contribution: J.G., C.A., and I.P. designed the study; J.G., S.K., L.K.,
C.A., and I.P. contributed patients; S.K., T.P., and P.Q. performed
laboratory analyses; S.K. and F.P. supported data storage; J.G., F.P.,
S.K., L.K., and I.P. collected and interpreted the data; F.P. analyzed
the data; J.G., F.P., and I.P. wrote the manuscript; and all authors
had access to the study data, proofread the manuscript, agreed with
the content, and approved its submission.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

ORCID profile: J.G., 0000-0002-4578-3120.

Correspondence: Ingrid Pabinger, Clinical Division of Hematology
and Hemostaseology, Department of Medicine I, Medical Univer-
sity of Vienna, Waehringer Guertel 18-20, 1090 Vienna, Austria;
e-mail: ingrid.pabinger@meduniwien.ac.at.

References

1. Miyakis S, Lockshin MD, Atsumi T, et al. International consensus statement on an update of the classification criteria for definite antiphospholipid
syndrome (APS). J Thromb Haemost. 2006;4(2):295-306.

2. Abou-Nassar K, Carrier M, Ramsay T, Rodger MA. The association between antiphospholipid antibodies and placenta mediated complications: a
systematic review and meta-analysis. Thromb Res. 2011;128(1):77-85.

3. De Carolis S, Tabacco S, Rizzo F, et al. Antiphospholipid syndrome: an update on risk factors for pregnancy outcome. Autoimmun Rev. 2018;17(10):
956-966.

4. Gris JC, Bouvier S, Nouvellon E, et al. Antiphospholid antibodies and the risk of pregnancy complications. Thromb Res. 2017;151(Suppl 1):
S34-S37.

5. Alijotas-Reig J, Ferrer-Oliveras R, Ruffatti A, et al; EUROAPS Study Group Collaborators. The European Registry on Obstetric Antiphospholipid
Syndrome (EUROAPS): a survey of 247 consecutive cases. Autoimmun Rev. 2015;14(5):387-395.

6. Mekinian A, Alijotas-Reig J, Carrat F, et al; on the behalf of the SNFMI and the European Forum on Antiphospholipid Antibodies. Refractory obstetrical
antiphospholipid syndrome: features, treatment and outcome in a European multicenter retrospective study. Autoimmun Rev. 2017;16(7):730-734.

7. Ruffatti A, Tonello M, Visentin MS, et al. Risk factors for pregnancy failure in patients with anti-phospholipid syndrome treated with conventional therapies:
a multicentre, case-control study. Rheumatology (Oxford). 2011;50(9):1684-1689.

8. Yelnik CM, Laskin CA, Porter TF, et al. Lupus anticoagulant is the main predictor of adverse pregnancy outcomes in aPL-positive patients: validation of
PROMISSE study results. Lupus Sci Med. 2016;3(1):e000131.

9. Ruffatti A, Calligaro A, Hoxha A, et al. Laboratory and clinical features of pregnant women with antiphospholipid syndrome and neonatal outcome.Arthritis
Care Res (Hoboken). 2010;62(3):302-307.

10. Helgadottir LB, Skjeldestad FE, Jacobsen AF, Sandset PM, Jacobsen EM. The association of antiphospholipid antibodies with intrauterine fetal death:
a case-control study. Thromb Res. 2012;130(1):32-37.

11. Saccone G, Berghella V, Maruotti GM, et al. Antiphospholipid antibody profile based obstetric outcomes of primary antiphospholipid syndrome: the
PREGNANTS study. Am J Obstet Gynecol. 2017;216(5):525.e1-525.e12.

12. Deguchi M, Yamada H, Sugiura-Ogasawara M, et al. Factors associated with adverse pregnancy outcomes in women with antiphospholipid syndrome:
A multicenter study. J Reprod Immunol. 2017;122:21-27.

13. Fredi M, Andreoli L, Aggogeri E, et al. Risk factors for adverse maternal and fetal outcomes in women with confirmed aPL positivity: results from a
multicenter study of 283 pregnancies. Front Immunol. 2018;9:864.

14. de Jesus GR, Sciascia S, Andrade D, et al. Factors associated with first thrombosis in patients presenting with obstetric antiphospholipid syndrome in
APS Alliance for Clinical Trials & International Networking (APS ACTION) clinical database and repository: a retrospective study [published online ahead
of print 17 September 2018]. BJOG. doi:10.1111/1471-0528.15469.

15. Gebhart J, Posch F, Koder S, et al. Increased mortality in patients with the lupus anticoagulant: the Vienna Lupus Anticoagulant and Thrombosis Study
(LATS). Blood. 2015;125(22):3477-3483.

16. Posch F, Gebhart J, Rand JH, et al. Cardiovascular risk factors are major determinants of thrombotic risk in patients with the lupus anticoagulant.
BMC Med. 2017;15(1):54.

12 MARCH 2019 x VOLUME 3, NUMBER 5 HIGH RISK OF LA-RELATED PREGNANCY COMPLICATIONS 775

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/3/5/769/1631270/advances026948.pdf by guest on 17 M

ay 2024

http://orcid.org/0000-0002-4578-3120
mailto:ingrid.pabinger@meduniwien.ac.at
http://10.1111/1471-0528.15469


17. Brandt JT, Barna LK, Triplett DA. Laboratory identification of lupus anticoagulants: results of the Second International Workshop for Identification of
Lupus Anticoagulants. On behalf of the Subcommittee on Lupus Anticoagulants/Antiphospholipid Antibodies of the ISTH. Thromb Haemost. 1995;
74(6):1597-1603.

18. Brandt JT, Triplett DA, Alving B, Scharrer I. Criteria for the diagnosis of lupus anticoagulants: an update. On behalf of the Subcommittee on Lupus
Anticoagulant/Antiphospholipid Antibody of the Scientific and Standardisation Committee of the ISTH. Thromb Haemost. 1995;74(4):1185-1190.

19. Wilson WA, Gharavi AE, Koike T, et al. International consensus statement on preliminary classification criteria for definite antiphospholipid syndrome:
report of an international workshop. Arthritis Rheum. 1999;42(7):1309-1311.

20. Peeters LE, Daeseleire E, Devreese M, et al. Residues of chlortetracycline, doxycycline and sulfadiazine-trimethoprim in intestinal content and feces of
pigs due to cross-contamination of feed. BMC Vet Res. 2016;12(1):209.

21. Pengo V, Tripodi A, Reber G, et al. Update of the guidelines for lupus anticoagulant detection. Subcommittee on Lupus Anticoagulant/Antiphospholipid
Antibody of the Scientific and Standardisation Committee of the International Society on Thrombosis and Haemostasis. J Thromb Haemost. 2009;7(10):
1737-1740.

22. Wenzel C, Stoiser B, Locker GJ, et al. Frequent development of lupus anticoagulants in critically ill patients treated under intensive care conditions. Crit
Care Med. 2002;30(4):763-770.

23. Rosner E, Pauzner R, Lusky A, Modan M, Many A. Detection and quantitative evaluation of lupus circulating anticoagulant activity. Thromb Haemost.
1987;57(2):144-147.

24. Lockshin MD, Kim M, Laskin CA, et al. Prediction of adverse pregnancy outcome by the presence of lupus anticoagulant, but not anticardiolipin antibody,
in patients with antiphospholipid antibodies. Arthritis Rheum. 2012;64(7):2311-2318.

25. Chauleur C, Galanaud JP, Alonso S, et al. Observational study of pregnant women with a previous spontaneous abortion before the 10th gestation week
with and without antiphospholipid antibodies. J Thromb Haemost. 2010;8(4):699-706.

26. Bouvier S, Cochery-Nouvellon E, Lavigne-Lissalde G, et al. Comparative incidence of pregnancy outcomes in treated obstetric antiphospholipid
syndrome: the NOH-APS observational study. Blood. 2014;123(3):404-413.

27. Ruffatti A, Del Ross T, Ciprian M, et al; Antiphospholipid Syndrome Study Group of Italian Society of Rheumatology. Risk factors for a first thrombotic
event in antiphospholipid antibody carriers: a prospective multicentre follow-up study [published correction appears in Ann Rheum Dis. 2011;70(8):
1520]. Ann Rheum Dis. 2011;70(6):1083-1086.

28. Espinosa G, Cervera R. Current treatment of antiphospholipid syndrome: lights and shadows. Nat Rev Rheumatol. 2015;11(10):586-596.

29. Rai R, Cohen H, Dave M, Regan L. Randomised controlled trial of aspirin and aspirin plus heparin in pregnant women with recurrent miscarriage
associated with phospholipid antibodies (or antiphospholipid antibodies). BMJ. 1997;314(7076):253-257.

30. Kutteh WH. Antiphospholipid antibody-associated recurrent pregnancy loss: treatment with heparin and low-dose aspirin is superior to low-dose aspirin
alone. Am J Obstet Gynecol. 1996;174(5):1584-1589.

31. Farquharson RG, Quenby S, Greaves M. Antiphospholipid syndrome in pregnancy: a randomized, controlled trial of treatment. Obstet Gynecol. 2002;
100(3):408-413.

32. Laskin CA, Spitzer KA, Clark CA, et al. Low molecular weight heparin and aspirin for recurrent pregnancy loss: results from the randomized, controlled
HepASA Trial. J Rheumatol. 2009;36(2):279-287.

33. Rai R, Regan L. Antiphospholipid syndrome in pregnancy: a randomized, controlled trial of treatment. Obstet Gynecol. 2002;100(6):1354.

34. von Dadelszen P, Kent N. Antiphospholipid syndrome in pregnancy: a randomized, controlled trial of treatment. Obstet Gynecol. 2003;101(3):618.

35. Carp HJ. Low molecular weight heparin and aspirin for recurrent pregnancy loss: results from the HepASA trial. J Rheumatol. 2010;37(1):202, author
reply 203.

36. Roubey RA. Heparin and aspirin versus aspirin alone for prevention of recurrent pregnancy loss. Curr Rheumatol Rep. 2010;12(1):1-3.

37. van Hoorn ME, HagueWM, van Pampus MG, Bezemer D, de Vries JI; FRUIT Investigators. Low-molecular-weight heparin and aspirin in the prevention of
recurrent early-onset pre-eclampsia in women with antiphospholipid antibodies: the FRUIT-RCT. Eur J Obstet Gynecol Reprod Biol. 2016;197:168-173.

38. Empson M, Lassere M, Craig J, Scott J. Prevention of recurrent miscarriage for women with antiphospholipid antibody or lupus anticoagulant. Cochrane
Database Syst Rev. 2005; (2):CD002859.

39. Lassere M, Empson M. Treatment of antiphospholipid syndrome in pregnancy--a systematic review of randomized therapeutic trials. Thromb Res. 2004;
114(5-6):419-426.

40. Ziakas PD, Pavlou M, Voulgarelis M. Heparin treatment in antiphospholipid syndrome with recurrent pregnancy loss: a systematic review and meta-
analysis. Obstet Gynecol. 2010;115(6):1256-1262.

776 GEBHART et al 12 MARCH 2019 x VOLUME 3, NUMBER 5

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/3/5/769/1631270/advances026948.pdf by guest on 17 M

ay 2024


