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Abstract
Objective  To perform a systematic literature review 
(SLR) informing the European Lmmendations for the 
management of antiphospholipid syndrome (APS) in 
adults.
Methods  A SLR through January 2018 was 
performed. Research questions were constructed 
using the Patient, Intervention, Comparator, Outcome 
(PICO) format. We included data from articles that 
reported on each relevant intervention. Summary 
effect estimates were calculated for direct comparison 
studies that matched the PICO question exactly, 
and for studies with the relevant intervention and 
comparator. When meta-analyses were available, we 
used these estimates.
Results  From 7534 retrieved articles (+15 from hand 
searches), 188 articles were included in the review. In 
individuals with high-risk antiphospholipid antibody 
(aPL) profile without prior thrombotic or obstetric APS, 
two meta-analyses showed a protective effect of low-
dose aspirin (LDA) against thrombosis. Two randomised 
controlled trials (RCTs) and three cohort studies showed 
no additional benefit of treatment with vitamin K 
antagonists at target international normalised ratio (INR) 
3–4 versus INR 2–3 in patients with venous thrombosis. 
In patients with arterial thrombosis, two RCTs and two 
cohort studies showed no difference in risk of recurrent 
thrombosis between the two target INR groups. One 
open-label trial showed higher rates of thrombosis 
recurrences in triple aPL-positive patients treated with 
rivaroxaban than those treated with warfarin. RCTs and 
cohort studies showed that combination treatment with 
LDA and heparin was more effective than LDA alone in 
several types of obstetric APS. SLR results were limited 
by the indirect evidence and the heterogeneity of patient 
groups for some treatments, and only a few high-quality 
RCTs.
Conclusion W ell-designed studies of homogeneous APS 
patient populations are needed.

Introduction
Antiphospholipid syndrome (APS) is a rare 
rheumatic and musculoskeletal disease char-
acterised by recurrent arterial or venous 
thrombosis or pregnancy morbidity in asso-
ciation with persistent antiphospholipid 
antibodies (aPLs).1 The major goal of the 
management of APS is the prevention of first 
or recurrent thrombotic or obstetric compli-
cations. Oral anticoagulation with vitamin 
K antagonists (VKAs) is the cornerstone of 
the treatment of thrombotic APS; however, 
several aspects of its use such as the inten-
sity of treatment, and the efficacy and safety 
of alternative treatments, remain contro-
versial. Additionally, although combination 
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treatment with low-dose aspirin (LDA) and heparin has 
been commonly used in pregnant women with recurrent 
pregnancy losses and those with prior thrombotic APS, 
use of this combination in different clinical expressions 
of obstetric APS is still debated.

Here, we report the results of the systematic literature 
review (SLR) that informed the ‘EULAR recommenda-
tions for the management of antiphospholipid syndrome 
in adults’,2 focused on primary and secondary preven-
tion of thrombotic APS and the management of obstetric 
APS. We do not include here studies of thrombotic risk 
stratification and modification, because these informed 
the overarching principles, and studies of catastrophic 
APS, because these focused on precipitating factors.2

Methods
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis guidelines.3 PubMed, 
Embase and Cochrane Library were used as data sources 
for the SLR of English-language published articles until 
31 January 2018. The search terms for risk factors, 
patient education, primary prevention, management of 
thrombotic and obstetric APS, and catastrophic APS are 
provided as supplementary material (online supplemen-
tary text S1). Research questions on the recommenda-
tion topics were structured according to the PICO format 
(Patients, Intervention, Comparator, Outcomes).4

The literature searches were performed by an infor-
mationist at the National Institutes of Health library, 
in consultation with the methodologist. All titles and 
abstracts were reviewed by two physicians in charge for 
literature review (LA, ML) and the full-text articles were 
independently reviewed by three persons: one literature 
reviewer, convenor (MGGT) and methodologist (MMW). 
Data abstraction was performed by the two literature 
reviewers and independently double-checked by the 
convenor and methodologist.

We included data from either clinical trials or obser-
vational studies that reported on each relevant interven-
tion, regardless of whether a comparator was used. We 
categorised primary studies into four groups based on 
how closely they corresponded to the PICO question. 
Direct comparison studies compared the two treatment alter-
natives specified in the PICO in the relevant population 
(ie, the P, I, C and O were correct). Indirect comparison 
studies compared the treatment alternatives of the PICO 
but not specifically in the relevant population (ie, P with 
some modification, correct I, C and O). Mixed treatment 
studies included a comparison but not exactly the treat-
ment alternatives specified in the PICO (ie, either the I or 
C was tested but with some modification). Single treatment 
arm studies did not include a comparison but reported on 
one of the treatment alternatives specified in the PICO 
(ie, either the I or C was tested). Mixed treatment and 
single treatment arm studies provided only background 
information for the comparison.

Data analysis
For thrombotic APS, the outcomes were first or recurrent 
thrombosis and major bleeding. For obstetric APS, the 
main outcome was live birth. High-risk aPL profile was 
defined as the presence of any of the following: lupus anti-
coagulant, double or triple aPL positivity, or persistently 
high aPL titres. Low-risk aPL profile includes isolated 
anticardiolipin or anti-beta2 glycoprotein I antibodies at 
low-medium titres, particularly if transiently positive.2

Summary effect estimates were calculated separately 
for direct comparison studies that matched the PICO 
question exactly (ie, correct P, I, C and O), and for direct 
and indirect comparison studies combined. The former 
provided the most relevant evidence for the recom-
mendations, while the latter provided evidence that was 
considered supportive. Summary effects were based on 
frequency of events in each treatment group and calcu-
lated as risk ratios. When primary studies (including 
meta-analyses) provided summary effect estimates, we 
used these estimates. In some instances, these were ORs 
or HRs. I² is a measure of heterogeneity of effects among 
studies, with a range of 0% (no heterogeneity) to 100% 
(high heterogeneity). The statistical software RevMan 
V.5.3 (Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2014) was used.

We assessed the risk of bias of randomised controlled 
trials (RCTs) using the Cochrane tool.5 Summary evalu-
ation of risk of bias was based on an overall assessment, 
with priority given to blinding and allocation conceal-
ment. We used the Newcastle-Ottawa tool to assess the 
quality of cohort studies.6 This tool outlines eight features 
of study design and execution that impact validity of the 
study results. We used established ratings of 0–3 stars, 4–6 
stars and 7–9 stars to classify studies as low, intermediate 
or high quality.

Results
The number of retrieved articles at each step of the SLR 
is shown in figure 1. Articles on risk factors and patient 
education informing the overarching principles, and 
those on precipitating factors for catastrophic APS,2 are 
not included in this SLR. Detailed quality ratings of the 
included studies on primary prevention, and the manage-
ment of thrombotic and obstetric APS are provided in 
online supplementary text S1.

Primary thromboprophylaxis with LDA in aPL-positive 
subjects
Asymptomatic aPL carriers (not fulfilling the classification criteria 
for thrombotic or obstetric APS) with a high-risk aPL profile with or 
without traditional risk factors
In a meta-analysis of studies of asymptomatic aPL 
carriers,7 most with high-risk aPL profiles, use of LDA was 
associated with a lower risk of thrombosis (table 1). Meth-
odological quality of the primary studies was judged to 
be adequate overall, and there was no worrisome hetero-
geneity among study results as the directions were clear. 
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 7534 articles identified:  4323 PubMed/Medline,  3165 Embase,  46 Cochrane 

6579 screened based on title and abstract 5924 excluded:   
              62 animal studies 
            751 basic science 
            928 reviews, editorials, letters 
            291 paediatric  studies 
          1107 case reports 
          1291 unrelated topic 
          1494 other 
        670 full text articles assessed for eligibility 

421 excluded:   
      104  congress abstracts 
        44 reviews, letters 
        28  case reports 
        18  duplicates 
        12 same cohorts 
        10 non-English language 
      205 unrelated topic 
           

188 articles included 

1711 Primary 
prevention  

409  Risk factors 348 Patient education 3445 Thrombotic APS 1095 Obstetric APS 526 Catastrophic APS 

955 duplicates excluded 

249 full text articles assessed for data abstraction 

61 excluded:   
       9  case reports 
       4 reviews 
     48 unrelated topic 

15 hand search articles included 

Figure 1  Flow chart of systematic literature review. APS, antiphospholipid syndrome.

In an individual-patient meta-analysis of five studies, LDA 
use was associated with a reduced risk of first thrombosis, 
although with a wide CI.8 Associations were stronger for 
protection from arterial events (HR 0.28; 95% CI 0.06 to 
1.33) than venous events (HR 0.63; 95% CI 0.19 to 2.13). 
In an additional prospective cohort study of 119 asymp-
tomatic aPL carriers followed for a mean of 9.1 years, 
LDA use was associated with lower odds of thrombosis, 
but the risk was not significantly different from no LDA 
use, likely due to limited power.9 Notably, 61% of patients 
had connective tissue disease. Methodological quality was 
intermediate.

Patients with systemic lupus erythematosus (SLE)
Patients with high-risk aPL profile
Pooled results of seven cohort studies10–16 and one RCT11 
in a meta-analysis7 indicated lower risks of first thrombosis 
among patients treated with LDA compared with patients 
not treated with LDA. There was heterogeneity among 
studies (I2=47%) but the direction of effect was clear 
(table 1). Among three of these studies that reported on 
bleeding complications,11–13 no patients in either treat-
ment group had major bleeding. Methodological quality 

of the primary studies was judged to be adequate overall. 
In five studies, all or a majority of patients had high-
risk aPL profiles,10–12 14 15 while three primary studies 
included patients with low-risk and high-risk aPL profiles 
in unknown proportions.

A pooled analysis of individual-patient data from five 
studies (including four studies exclusively or predomi-
nately of patients with high risk profiles) showed a lower 
risk of first thrombosis in patients with SLE treated with 
LDA.8 Protection was similar for arterial events (HR 
0.47) and venous events (HR 0.39), although the smaller 
number of events in these subgroups led to wide confi-
dence limits. Data on bleeding complications were not 
reported in this meta-analysis.

A retrospective cohort study reported thrombotic 
events in 4% of patients with SLE treated with LDA alone, 
compared with 33% of those not treated with LDA or 
hydroxychloroquine (HCQ), after 8 years of follow-up.17 
However, only 23% of patients had positive aPL.

Patients with low-risk aPL profile
Analysis of the two studies13 16 that included the smallest 
proportions of patients with high-risk profiles indicated 
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a lower risk of first thrombosis among patients treated 
with LDA (risk ratio (RR) 0.39), with no heterogeneity 
(table 1). No bleeding events were reported in one study,13 
while the other study did not comment on bleeding.16

Non-pregnant women with a history of obstetric APS only (no 
prior thrombotic events), with or without SLE
In five studies10 14 18–20 included in a meta-analysis7 
that reported on primary prevention with LDA among 
women with a history of obstetric APS, use of LDA was 
associated with a lower risk of thrombosis (table 1). In 
two primary studies,10 14 patients with SLE comprised 
24% and 27% of patients, and a third study18 reported 
38% of women had secondary APS, so the results mainly 
pertain to women without SLE. Methodological quality 
of the primary studies was judged to be adequate overall. 
Indirect evidence was provided by a retrospective study of 
370 patients with aPL, 57% of whom had obstetric APS.21 
Long-term treatment with LDA in 130 patients (nine also 
with oral anticoagulation) was associated with a lower risk 
of first thrombosis (5.7% vs 9.5%), although the treatment 
results were not specific to the subset of women with past 
obstetric APS. Losses to follow-up were not reported in 
this study (table 1). Three studies22–24 reported outcomes 
of treatment with LDA without a comparison treatment 
arm (online supplementary table 1).

Secondary thromboprophylaxis in APS
Patients with definite APS and first venous thrombosis
Treatment with VKA at conventional versus high-intensity 
anticoagulation
One double-blind RCT with low risk of bias presented 
stratified results on patients with prior venous thrombosis 
specifically25 (table  2). Recurrent thrombosis was more 
frequent in those in the higher intensity (target interna-
tional normalised ratio (INR) 3–4) warfarin group than 
in the INR 2–3 group over a mean follow-up of 2.6 years. 
However, in the group of patients with a target INR 2–3, 
the INR was above the target range 11% of the time, 
within range 71% of the time and below range 19% of 
the time. In the high-intensity group, the corresponding 
figures were 17%, 40% and 43%.

Pooled data including this RCT25 and four indirect 
comparison studies (one RCT, two retrospective cohorts, 
one prospective cohort)26–29 of variable quality did not 
indicate a difference in risk of recurrent thrombosis 
between patients on treatment with VKA with a target 
INR 2–3 and patients with a target INR >3 (RR 0.67 (95% 
CI 0.05 to 8.20), with high heterogeneity among studies, 
I2=82%) (table 2). The indirect studies included patients 
with either prior venous or arterial thromboses; the 
proportion with venous thromboses ranged from 54% 
to 74% (26–29). High-intensity INR was not significantly 
associated with an increased risk of major bleeding (RR 
1.61; 95% CI 0.34 to 7.56); however, data on bleeding 
complications were not reported for patients with venous 
thrombosis specifically in any study.

Nine single treatment arm studies16 30–37 reported on 
risks of recurrent thrombosis in cohorts treated with 
either higher INR targets or conventional INR targets 
only (online supplementary table 2). Risks in these 
studies substantially overlapped although appeared to be 
somewhat lower in the higher INR target studies.

Treatment with direct oral anticoagulants (DOACs)
In a post hoc analysis of patients with APS with venous 
thrombosis included in three RCTs that compared 
dabigatran versus warfarin in patients with thrombo-
philia or APS, the risk of recurrent thrombosis was not 
significantly different between treatment groups, nor was 
the risk of major bleeding38 (online supplementary table 
3). Risk of any bleeding was lower among patients treated 
with dabigatran (20%) compared with warfarin (40.3%) 
(HR 0.50; 95% CI 0.26 to 0.95). Another RCT compared 
rivaroxaban versus warfarin in 115 patients with venous 
thrombotic APS.39 Peak thrombin generation was lower 
in the rivaroxaban compared with warfarin group (56 
nmol/L, 95% CI 47 to 66 vs 86 nmol/L, 72 to 102, treat-
ment effect 0.6, 95% CI 0.5 to 0.8, p=0.0006). Although 
the primary endpoint was endogenous thrombin poten-
tial, no patients in either treatment group had recur-
rence of thrombosis or major bleeding. Minor bleeding 
occurred in 18% treated with rivaroxaban and 15% 
treated with warfarin. However, the follow-up was only 7 
months, and patients with a history of arterial thrombosis 
were excluded from the study. A recent RCT of rivarox-
aban versus warfarin that included patients with APS with 
arterial and/or venous thrombosis and with triple aPL 
positivity was terminated early due to a higher rate of 
thrombotic events in the rivaroxaban arm.40

Four case series reported on outcomes of patients with 
APS treated with DOACs but did not include a compar-
ison group.41–44 These studies reported individual-pa-
tient data, allowing abstraction of data on patients with 
histories of venous thromboses, but were not restricted 
to patients with a first venous event only. The percentage 
with recurrent thrombosis ranged from 0% to 5.2% over 
follow-ups from 11 to 35 months. In a systematic review 
of case series and case reports that included 122 patients 
treated with DOACs, recurrent events occurred in 15.6%, 
and in 16.6% of those with prior venous events, while any 
bleeding events were reported in 4.1%.45

Duration of anticoagulation in patients with unprovoked venous 
thrombosis
Use of long-term anticoagulation in patients with APS 
was supported by two small studies (one RCT, one retro-
spective cohort study)46 that showed a lower risk of recur-
rent events among patients on long-term anticoagulation 
compared with patients treated with VKA for 3–6 months 
(RR 0.33; 95% CI 0.06 to 1.81) (online supplementary 
table 4). In the RCT, recurrent venous thromboembo-
lism was reported in three patients (20%) who discon-
tinued VKA at 6 months compared with one (5.3%) on 
long-term oral anticoagulation over 48 months. The risk 

https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
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of bias was high due to the unblinded design. The report 
did not comment on bleeding complications.

Three additional indirect studies,47–49 each of which 
reported fewer recurrences in the group that received 
prolonged anticoagulation, included many patients with 
arterial events and therefore are not directly applicable 
to patients with first venous thromboembolism (online 
supplementary table 4). Studies were not restricted to 
provoked or unprovoked venous thrombosis. A single 
treatment arm study reported outcomes of 44 patients 
with APS who discontinued oral anticoagulation for 
various reasons. Among 25 patients with solely venous 
events, recurrent thrombosis occurred in 6 (24%) after 
discontinuation of oral anticoagulation.50

Recurrent venous thrombosis despite oral anticoagulation 
with target INR 2–3
Treatment options for these patients include intensifica-
tion of anticoagulation with VKA, switch to low molecular 
weight heparin (LMWH) or addition of LDA. No studies 
directly addressed the effectiveness and risks associated 
with an increase of INR target to 3–4 for patients with 
recurrent venous thrombosis while anticoagulated to 
INR 2–3. In one retrospective study, warfarin failure was 
the reason for switching to LMWH in 9 of 23 patients, 
but data on patients with venous events specifically were 
not reported.51 No patient had recurrent thrombosis on 
LMWH over a mean follow-up of 36 months, and none 
had major bleeding. Data from case series indicated no 
appreciable difference in risk of recurrences between 
the addition of LDA to VKA versus treatment with VKA 
alone.52 53 However, the timing of addition of LDA was 
not clearly specified and confounding by indication may 
have been present.

Patients with definite APS and first arterial thrombosis
Treatment with VKA vs LDA
In a prospective cohort study of patients with APS 
with prior ischaemic strokes, the likelihood of recur-
rent events over 34 months was lower among patients 
treated with warfarin versus those treated with LDA 
alone, with a wide CI (RR 0.37; 95% CI 0.05 to 2.47)54 
(online supplementary table 5). INR was not reported. 
There was no comment regarding bleeding. Methodo-
logical quality was intermediate, with incomplete data on 
outcome assessment and follow-up. Another cohort study 
of patients with both venous (60%) and arterial (40%) 
events reported on recurrent thrombosis but not sepa-
rately for these groups.55 Recurrences were lower among 
patients treated with VKA (30.6%) than those treated 
with LDA (57%). Data on bleeding were not reported. A 
single treatment arm study reported that three (37.5%) 
of eight patients with APS and prior ischaemic stroke 
who were treated with LDA had a recurrent thrombosis 
over a median of 8.9 years of follow-up. None had major 
bleeding.

The APASS study compared new cerebrovascular events 
over 24 months in elderly patients with recent stroke who 

were aPL positive on one occasion and treated with either 
LDA or warfarin at target INR 1.4–2.8.56 Most patients 
had cardiovascular risk factors (69% ever smoker; 69% 
hypertension; 32% diabetes). The primary outcome was 
death or new stroke, although deaths accounted for only 
a minority of events. Frequency of outcomes was similar 
between groups. Bleeding was not commented on. The 
study is not directly relevant because many patients likely 
did not have definite APS (single aPL measurement, 
low aPL titres). The relatively low target INR may have 
minimised differences in recurrences between treatment 
groups.

Treatment with VKA with INR 2–3 versus INR 3–4
Summary of an earlier SLR showed a lower risk for recur-
rent thrombosis in patients with high-intensity INR anti-
coagulation treatment versus those with a target INR 
of 2–3.57 Analyses of paired comparisons within studies 
were not reported. Recurrence risk among patients with 
first arterial thrombosis was not analysed specifically. 
One RCT with low risk of bias provided stratified data 
on patients with arterial thrombosis specifically (table 3). 
Over a mean of 2.6 years, recurrences were higher among 
those in the target INR 3–4 group than in the INR 2–3 
group (8.6/100 py vs 2.6/100 py) but without statistical 
significance. Bleeding complications were only reported 
for the treatment groups as a whole (including patients 
with either venous or arterial events) and were similar. 
Another RCT compared patients with APS treated to a 
high target INR (3–4.5) versus moderate target INR,2 3 but 
only 32% of participants had prior arterial events. Over a 
median follow-up of 3.6 years, recurrent events occurred 
more frequently in the high INR group (3.1/100 patient-
years (py) vs 1.6/100 py). Major bleeding was slightly 
less common in the high INR group. Results were not 
stratified by history of venous or arterial events, so these 
results are only indirectly related to the treatment of 
patients with arterial thrombosis. Risk of bias was rated 
as high (table 3).

Two additional indirect comparison studies included a 
mixture of patients with histories of venous and arterial 
events. The first study included 39 patients with venous 
thrombosis and 31 with arterial thrombosis. Recurrent 
thrombosis was not observed in the subgroup treated 
with warfarin INR ≥3 while the rate was 7/100 py in the 
subgroup of INR 2–3. Methodological quality was inter-
mediate. In the second study of patients with APS with 
history of thrombosis (54% venous; 46% arterial at diag-
nosis), recurrent thrombosis was less frequent among 
patients treated with VKA at INR ≥3 than those with 
INR <3 (63). All bleeding complications occurred in the 
high-intensity group (any bleeding 7.1/100 py; major 
bleeding 1.7/100 py) (table 3). Data from mixed treat-
ment and single treatment arm studies showed substan-
tial variability in thrombosis recurrence16 33–37 58 59 (online 
supplementary table 6).

https://dx.doi.org/10.1136/rmdopen-2019-000924
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Treatment with DOACs
Data from a recent open-label RCT (TRAPS trial) showed 
that thrombosis, mainly arterial, developed in 12% of 
triple aPL patients with APS randomised to rivaroxaban 
compared with none of those randomised to warfarin, 
over a mean follow-up of 569 days.40 Based on these 
results, and the data from a previous45 and an updated 
systematic review60 of 447 APS cases treated with DOACs 
reporting that triple aPL positivity and history of arterial 
thrombosis was associated with higher risk of recurrent 
thrombosis, rivaroxaban should not be used in the treat-
ment of patients with APS and arterial thrombosis.

Treatment in patients with recurrent arterial thrombosis 
despite adequate anticoagulation
No studies were identified that directly addressed the 
effectiveness and risks related to an increase of INR target 
to 3–4, or switch of VKA treatment to LMWH. Regarding 
the addition of LDA, a prospective cohort study with 
5-year follow-up showed that among 22 patients with at 
least one arterial event, new thromboses occurred in 
2/4 (50%) treated with VKA and one antiplatelet drug 
compared with 6/18 (33%) treated with VKA alone. The 
target INR was >3 but achieved INR was not reported, 
and the timing of antiplatelet treatment relative to events 
was not clearly specified. Confounding by indication may 
have been present. The role of dual antiplatelet therapy, 
statins, HCQ and targeted treatments including B-cell 
depletion therapy for the management of recurrent 
arterial events has been mainly examined in small case 
series and may reflect publication bias. Their potential 
effect in refractory thrombotic APS should be examined 
in well-designed prospective studies (Research agenda).

Obstetric APS
Treatment with LDA of pregnant women (with or without SLE) 
with high-risk aPL profile but no history of thrombosis or 
pregnancy complications
Although several studies examined the effectiveness of 
LDA in the treatment of pregnant women with aPL, no 
studies specifically examined women with high-risk aPL 
profiles. A double-blind RCT with high risk of bias of 
LDA versus placebo in six women with SLE resulted in 
live births in all pregnancies.61 Three studies of patients 
without SLE examined treatment with LDA62–64 (online 
supplementary table 7). One RCT included women with 
generally low-risk aPL profiles and 47% had a history 
of abortion.62 The second RCT included women with 
any titre of aPL and no prior pregnancy losses; 60% 
had low-positive anticardiolipin antibodies.63 The trial 
was double blind but had a high prevalence of treat-
ment non-adherence. LDA was started between week 12 
and week 32 of pregnancy, which may have influenced 
effectiveness. Lastly, a retrospective cohort study exam-
ined women with predominantly low-risk aPL profile 
(10% with lupus anticoagulant and 30%–33% with high 
titre aCL).64 In each study, live births occurred in more 

than 90% of pregnancies regardless of the use of LDA. 
Evidence was indirect given that none of the studies 
specifically enrolled women with high-risk aPL profile.

Treatment of pregnant women with a history of ‘criteria’ 
obstetric APS
History of three recurrent miscarriages or fetal loss
History of three recurrent spontaneous abortions <10th week of 
gestation. Pooled results of one direct comparison study 
(RCT with high risk of bias)65 and eight supporting indi-
rect studies32 66–72 that did not explicitly report on women 
with prior first trimester losses indicated a higher likeli-
hood of live births with combination treatment with LDA 
and heparin compared with LDA alone (RR 1.23; 1.12 to 
1.35) (table 4). Miscarriages were also less likely. There 
were no differences in risk of pre-term delivery, pre-ec-
lampsia or intrauterine growth retardation (IUGR), but 
estimates were imprecise. Maternal thrombosis did not 
occur in either treatment group.

Eight studies,73–80 including five RCTs, compared treat-
ment regimens that included either LDA or heparin 
but also included other medications (mixed treatment 
studies) or tested only LDA or heparin alone (online 
supplementary table 8). Only one of these studies specif-
ically examined women with a history of first trimester 
losses.79 In these studies, live births were generally more 
common among treatment arms that included heparin 
than treatment arms that did not include heparin. Effects 
on pre-term delivery or pre-eclampsia, reported in few 
studies, were mixed.

Twenty-two studies81–100 reported outcomes of treat-
ment with LDA and heparin without a comparison treat-
ment arm or compared different doses of heparin. On 
average, live births occurred in 82.6% of patients treated 
with LDA and heparin (online supplementary table 8).

A Cochrane review of the effect of LDA with or without 
heparin on pregnancy outcomes in women with ≥2 unex-
plained miscarriages with or without inherited thrombo-
philia was not used because data on patients with APS 
were not reported separately.101 A second Cochrane 
review was also excluded because it used data from studies 
of women with only one aPL measurement or only one 
miscarriage.102 Results of a third systemic review were 
also not used because the pooled analysis included both 
studies of women with aPL only and women with APS.103

History of fetal loss (≥10th week of gestation). We did not 
identify any studies that examined women with exclusively 
a history of fetal loss. Five studies (all retrospective cohort 
studies, four of high quality) (32, 76–79) that included a 
combination of types of miscarriages or fetal losses gener-
ally showed a higher likelihood of live births with combi-
nation treatment with LDA and heparin compared with 
treatment with LDA alone (table  5). Miscarriages were 
less likely among women treated with LDA and heparin. 
The likelihood of pre-term delivery, pre-eclampsia and 
IUGR did not differ between treatment groups, but esti-
mates were again heterogeneous. The number of patients 
in some studies was small.

https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
https://dx.doi.org/10.1136/rmdopen-2019-000924
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Seven mixed treatment studies,73 75–80 including four 
RCTs, compared treatment regimens that included either 
LDA or heparin but also included other medications or 
tested only LDA or heparin alone (online supplementary 
table 9).

Nineteen studies22 82 86–88 90 92 94–99 104–109 reported 
outcomes of treatment with LDA and heparin without a 
comparison treatment arm or compared different doses 
of heparin (online supplementary table 9). Results of a 
systemic review were not used because it included studies 
of women with aPL and not women with APS.103

History of delivery <34th week of gestation due to eclampsia 
or severe pre-eclampsia, or recognised features of placental 
insufficiency
In one RCT (in which 56% of participants had preterm 
delivery due to eclampsia or severe pre-eclampsia)110 
and one retrospective cohort study,32 the likelihood 
of live births did not differ between women treated 
with LDA and heparin and those treated with LDA 
alone (online supplementary table 10). Neither study 
reported on miscarriages. The trial reported on the 
likelihood of pre-term delivery, maternal thrombosis 
and small-for-gestational age babies, with no differ-
ences between treatment arms. The RCT was rated as 
having high risk of bias. Study samples were very small.

Seven studies79 82 88 92 95 98 111 reported outcomes of 
treatment with LDA and heparin without a comparison 
treatment arm, or compared heparin alone with no 
treatment. These studies did not only include women 
with prior history of severe pre-eclampsia or placental 
insufficiency but some proportion of patients in these 
studies had this history. On average, live births occurred 
in 76.8% of patients treated with LDA and heparin.

Treatment of women with a history of ‘non-criteria’ obstetric APS
History of two recurrent spontaneous abortions <10th week 
of gestation. The comparison between treatment with 
LDA versus no treatment was addressed by one retro-
spective cohort study. Live births occurred in 89.5% of 
57 women treated with LDA and 100% of 17 women 
not treated with LDA (RR 0.91; 95% CI 0.81 to 1.03).64 
Quality was rated as high, but the sample was small. A 
second, single treatment arm study among women with 
two prior miscarriages reported live births in 83.9% of 
pregnancies among women treated with LDA.112

The comparison between the combination treatment 
with LDA and heparin versus LDA alone for this group 
of patients was not addressed directly by any study. One 
RCT found no difference in live births between these 
treatments (35 (77.8%) vs 34 (79.1%)) in a group of 
patients with two or more consecutive pregnancy losses 
<32 weeks’ gestation but was not limited to women 
with only two losses or early losses.68 The trial was rated 
as having high risk of bias. The sample was small. A 
second retrospective cohort study compared women 
with non-criteria obstetric APS, who were treated with 
LDA and heparin, with untreated women; live births 
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occurred in 81.7% and 55% of pregnancies, respec-
tively.80 Because these studies did not focus specifically 
on the population of interest, evidence for this ques-
tion is indirect.

History of delivery ≥34 weeks due to eclampsia or severe 
pre-eclampsia, or placental insufficiency. One study 
compared 71 women with various non-criteria obstetric 
APS complications (two consecutive miscarriages <10 
weeks, delivery ≥34 weeks, late intrauterine growth 
restriction, abruption placentae at term or placental 
haematoma), who were treated with LDA and heparin, 
with 20 untreated women; live births occurred in 81.7% 
and 55%, respectively.80 An unknown percentage of 
women in this study matched the population of interest.

Duration of treatment with heparin after delivery
We did not identify any studies that directly addressed 
the benefits and risks of continuing anticoagulation 
post partum. Few studies reported maternal throm-
bosis, and even fewer reported assessment of throm-
bosis specifically in the postpartum period. Twelve 
studies62 66 68 90 109 110 113–118 included data on both 
duration of heparin treatment and postpartum throm-
bosis, but none compared these treatment approaches 
(online supplementary table 11). In nine studies, treat-
ment was continued 3 to 6 weeks post partum; throm-
bosis occurred in 3 of 239 patients (1.2%). In three 
studies,68 116 117 treatment with heparin was stopped 
prior to delivery. None of 104 patients in these three 
studies had postpartum thrombosis.

Treatment of patients with a history of recurrent pregnancy 
complications despite treatment with LDA and prophylactic 
dose heparin
Increase of heparin to therapeutic dose
No studies were identified that addressed this question.

Addition of HCQ
One study compared pregnancy losses among women 
with refractory obstetric APS before and after the 
addition of HCQ.119 Treatment also included heparin 
in all patients, in combination with LDA in 79%. The 
proportion of live births was higher in pregnancies in 
which HCQ was used (online supplementary table 12). 
Quality was rated as intermediate. The sample was very 
small. In a second retrospective cohort study, the addi-
tion of HCQ to LDA and heparin was associated with 
a lower likelihood of fetal loss and placenta-mediated 
complications.120 LMWH was not used by all women in 
either treatment group (72% and 79%, respectively).

Addition of low-dose prednisolone in the first trimester
One retrospective cohort study compared outcomes 
between 23 women treated with prednisolone 10 mg/
day until week 14 in combination with LDA and heparin 
with 93 women treated with LDA and heparin.121 Live 
births were more common in the group treated with 
prednisolone (online supplementary table 12). Quality 

was rated as high, but the number of patients treated 
with prednisolone was small.

Addition of treatment with intravenous immunoglobulin (IVIG)
In three studies83 85 122 that compared pregnancy compli-
cations in patients who did or did not receive IVIG, the 
proportion of live births did not differ between treat-
ment arms (RR 1.10 (95% CI 0.97 to 1.25)) (online 
supplementary table 12). Miscarriage frequency, 
pre-term delivery and IUGR also did not differ between 
treatment arms. The likelihood of pre-eclampsia was 
lower among patients who received IVIG. Quality of 
each study was rated as intermediate. One small RCT 
compared IVIG plus LDA and LMWH versus LDA 
and LMWH but did not study patients with recurrent 
pregnancy complications.105 Live births occurred in 
100% of pregnancies in both treatment arms. Two 
other RCTs116 117 compared IVIG alone versus LDA and 
LMWH in women with recurrent pregnancy losses; live 
births were less common in the group treated with IVIG 
alone. Results for miscarriages were mixed.

Three other studies used various treatment regi-
mens, including prednisolone, plasmapheresis/plasma 
exchange with or without IVIG.72 123 124 Two additional 
studies were single treatment arm studies.89 125 The 
proportion of live births in the IVIG treatment arms 
averaged 86.2% in these five studies.

Treatment of pregnant women with a history of thrombotic 
APS
Five studies72 86 111 115 126 provided data on outcomes of 
pregnancies in women with a history of thrombotic APS 
who were treated with LDA and heparin at therapeutic 
doses, but none included a comparison group (online 
supplementary table 13). Live births occurred in 79.1% 
of pregnancies on average. Only one study115 reported 
on maternal thrombosis (online supplementary table 
13).

Discussion
This SLR provides a summary of the evidence that 
informed the EULAR recommendations for the manage-
ment of both thrombotic and obstetric APS in adults. 
Data from meta-analyses and cohort studies showed 
that LDA is effective as primary thromboprophylaxis 
treatment in aPL-positive individuals. Use of VKA at 
INR 2–3 is protective against thrombosis recurrences in 
patients with venous thrombosis. In patients with prior 
arterial thrombosis, no difference in the risk of new 
thrombotic events was found between VKA treatment 
at INR 2–3 and INR 3–4. According to the currently 
available data, rivaroxaban should not be used in high-
risk patients with APS such as those with triple aPL posi-
tivity. For patients with either recurrent miscarriages or 
fetal loss, use of combination treatment with LDA and 
heparin is more effective than LDA alone.

The main limitation of this SLR is that it included 
a few high-quality RCTs, primarily due to the rarity of 
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the syndrome and the heterogeneity of APS subsets. 
Performing RCTs in obstetric APS is even more diffi-
cult because of ethical regulations of research involving 
pregnant women and the reluctance of patients to be 
randomised during pregnancy. Existing literature is 
limited by heterogeneous patient groups that may 
have different outcomes and, importantly, different 
responses to treatment, including, for example, 
patients with high-risk aPL profile compared with those 
with low-risk aPL profile, and patients with arterial 
versus venous thrombotic events. Stratifying patients 
by risk is crucial to avoid overtreatment and risk of 
bleeding in some patients, or undertreatment and 
risk of thrombotic recurrences in others. In addition, 
reporting of side effects needs improvement. Bleeding 
complications must be reported in all studies in order 
to judge the risks of treatment. In obstetric APS studies, 
maternal thrombosis during pregnancy or post partum 
is also important and not only pregnancy outcomes.127

Limitations of previous SLRs on thrombotic APS 
included mixed populations and the lack of separate 
analysis of outcomes for venous and arterial throm-
bosis.57 In obstetric APS, SLRs have pooled data from 
different patient groups such as women with aPL only 
and women with definite APS.99 In two Cochrane 
reviews, data on different obstetric APS subgroups 
were not reported separately, and data from studies of 
women with only one aPL measurement or only one 
miscarriage were included, respectively.101 102

One of the strengths of this SLR is that it included 
the most common and important questions impacting 
patient care. An additional strength of the SLR was 
the methodological rigour of the process we followed. 
The full-text review, the data abstraction and risk of 
bias assessments were independently performed by 
multiple reviewers (physicians in charge for literature 
search (LA, ML), convenor (MGGT) and methodolo-
gist (MMW)). In addition, a detailed presentation of 
the results from both direct and indirect comparison 
studies in the tables can help the readers of the SLR 
(clinicians and researchers) to better interpret the 
separately published EULAR recommendations for the 
management of APS in adults.
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