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 Introduction

Antiphospholipid syndrome (APS) is a clinical syndrome characterized by both 
clinical and laboratory manifestations. Clinical manifestations most commonly 
include macro- and/or microvascular thrombosis, which may occur in the arterial or 
venous circulation, pregnancy morbidity, and thrombocytopenia. Laboratory criteria 
require persistent antiphospholipid antibody (aPL) positivity over a 12-week period 
for the lupus anticoagulant (LA), and/or anticardiolipin antibody (aCL), and/or anti-
β2--glycoprotein-I antibody (aβ2GPI) at moderate-to-high titers. This chapter will 
cover the prevention and treatment of thrombotic manifestations of APS; therapies 
for the non-thrombotic manifestations of APS, pregnancy morbidity, and the special 
clinical circumstance of catastrophic APS are found in other chapters.

The prevention and treatment of thrombotic complications is focused on the use 
of anticoagulants and/or antiplatelet agents rather than other therapies such as 
immunomodulatory interventions. Antithrombotic therapy has been revolutionized 
in the last decade by the introduction of a variety of novel parenteral and oral anti-
coagulants. Despite ongoing studies, high-quality evidence for the efficacy and 
safety of many of these medications in patients with APS is still lacking, and in most 
cases older, but better studied, regimens remain the mainstay of anticoagulant 
therapy for patients with APS.
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 Importance of Cardiovascular Disease and Venous 
Thrombosis Prevention in Antiphospholipid  
Antibody-Positive Patients

Risk modification strategies should always be considered for patients perceived to 
be at risk of atherosclerotic cardiovascular disease.

It has been noted in a number of studies that atherosclerotic cardiovascular events 
including stroke and myocardial infarction (MI) are increased in the presence of 
aPL. A case-control study nested within the Helsinki Heart Study noted higher titers 
of aCL in men who developed myocardial infarction (MI) or cardiac death, and men 
with MI/cardiac death had higher odds of having aCL titers in the upper quartile [1]. 
Similarly, Urbanus et al. [2] noted that young women with stroke or MI were more 
likely to have had LA/aβ2GPI. In both these studies, additional risk factors such as 
smoking (1,2), anti-oxidized LDL antibodies [1], or use of the oral contraceptive 
pill [2] further increased the odds ratio associated with MI or stroke.

There are also increasing data that aPL may play a key role in the atherogenic 
process. Previous work from Hasunuma et  al. demonstrated increased uptake of 
oxidized LDL by macrophage Fc-gamma receptors in the presence of aβ2GPI [3]. In 
addition, endothelial cell apoptosis and aβ2GPI may upregulate dendritic cells to 
drive inflammatory and oxidative stress responses, both of which may further 
increase endothelial dysfunction and damage [4]. Recent studies of monocyte gene 
expression profiling and miRNA analyses also have shown significant overlap 
between inflammation, oxidative stress, and atherogenic pathways in patients with 
primary APS, systemic lupus erythematosus (SLE), and SLE-associated APS [5, 6]. 
In the context of SLE, aPL are associated with subclinical atherosclerosis [7, 8] and 
clinical cardiovascular disease (CVD) events [9]. It remains a matter of debate how-
ever to what extent these data from a high-risk condition, SLE, are generalizable to 
primary APS.  Andrade et  al. found no difference in aortic pulse wave velocity 
(PWV) or carotid  intima- media thickness (IMT) in primary APS vs healthy con-
trols. However a subset analysis did show higher aortic PWV in primary APS 
patients with index arterial vs venous events [10].

To date there have been no formal studies attempting to determine how best to 
translate these observations into formal guidelines for cardiovascular disease (CVD) 
risk prevention. In a number of other inflammatory rheumatologic diseases, adjust-
ment of population risk assessments has been recommended. For example, in rheu-
matoid arthritis (RA), European League Against Rheumatism (EULAR) recommends 
that all patients should be screened and their CVD risk calculated according to 
national CVD risk protocols [11]. The percentage 10-year risk calculated should 
then be adjusted by ×1.5 to adjust for the risk associated with RA if 2/3 of the fol-
lowing are present: RA for >10 years, anti-CCP antibodies, or rheumatoid factor. In 
SLE the excess risk is much higher and less consistent between studies; therefore, 
such a simple multiplication is inappropriate and likely to be highly inaccurate. The 
American Heart Association recommends SLE be considered as an additional risk 
factor in women, thus lowering the threshold and ideal targets for risk factors like 
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lipids and blood pressure [12]. Wajed et al. proposed that SLE be considered a “coro-
nary heart disease equivalent” and therefore to adopt more stringent targets for other 
CVD risk factors [13]. In a recent study investigating the outcomes of SLE patients 
(with/without aPL) who participated in a 3-year free-of-charge CVD prevention 
counseling program, investigators demonstrated selected CVD risk factors that can 
be modified with continuous counseling [14].

Which, if any, of the above is most appropriate for patients with aPL is unclear. 
Many uncertainties remain, e.g., how to deal with single- vs triple-positive patients 
without previous thrombosis or obstetric complications, also whether any risk 
adjustment should be different for venous, obstetric, or arterial APS patients. It is 
likely that different targets, or risk score adjustments, will be needed for these dif-
ferent situations. However, in the absence of definitive studies, it is hard to draw 
firm conclusions.

After a review of the evidence to date, we recommend the following:

• All patients with aPL (with/without APS) should engage in regular cardiovascular 
screening programs according to national guidelines. Blood pressure control, 
smoking cessation, cholesterol and triglyceride management, and optimal dia-
betic control will help reduce the risk of arterial thromboembolism.

• Any such patient with an inflammatory rheumatic disease should be managed to 
minimize inflammatory disease activity, so-called treat-to-target (T-2-T) 
approaches. Hydroxychloroquine is an additional therapy that may facilitate 
achieving T-2-T targets and may have additional CVD protective properties (see 
below).

• Aspirin (see below) is frequently added, particularly to patients with “traditional” 
atherosclerotic risk factors and/or demonstrated atherosclerotic lesions (further 
discussed below).

• While a lower threshold for instituting additional CVD risk interventions seems 
reasonable, currently there is no consensus to support a particular threshold or 
risk adjustment.

Patients also should be counseled for other traditional thrombosis risk factors, 
such as oral contraceptive use, prolonged immobilization during a long flight, post-
menopausal hormone therapy, pregnancy and postpartum period, and prophylaxis 
during surgical procedures. When aPL-positive patients undergo surgery, the most 
effective pharmacologic methods should be combined with physical anti- thrombosis 
methods such as intermittent venous compression [15].

 Primary Thrombosis Prevention

Patients with aPL appear to be at increased risk of thrombosis irrespective of the 
patient’s personal history of thromboembolism. In some studies, the risk of throm-
bosis in patients with positive aPL has been confounded by a high prevalence of 
SLE, which is in itself associated with thromboembolic complications [16]. However, 
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a recent meta-analysis of thrombosis risk associated with aPL positivity in patients 
without SLE demonstrated that such patients also have significant increases in the 
risk of thrombosis compared to the general population [17]. Reynaud and colleagues 
examined 30 studies enrolling a total of 16,441 patients and found the odds ratio 
(OR) for venous and arterial thrombosis to be 6.14 and 3.58, respectively, in patients 
with a positive LA test. Anticardiolipin antibodies were associated with ORs of 1.46 
and 2.65 for venous and arterial thrombosis, respectively, and aβ2GPI were associ-
ated with ORs of 3.12 for arterial thrombosis. The authors noted an overall low qual-
ity of evidence suggesting that the risk may have been inflated through reporting 
biases (i.e., the potential for event rates to have been inflated by reporting of patients 
with a history of the aPL and thrombosis, with a reduced likelihood of reporting of 
patients without these outcomes) [17]. The presence of more than one aPL probably 
increases the risk of thrombosis further. Pengo and colleagues examined 618 con-
secutive patients (of whom 55% had a prior history of thromboembolism) and com-
pared patients with a history of thrombosis with those without [18]. They found that 
“triple positivity” (persistent positivity of LA, aCL, and aβ2GPI) was associated with 
an odds ratio of 33 for thrombosis (95% confidence interval 7.0–157.6). However, 
both male gender and venous thrombosis risk factors were additionally, and inde-
pendently, associated with thrombosis supporting the multifactorial nature of throm-
bosis in aPL-positive patients. The recently developed Global APS Score (GAPSS) 
score may help estimate the risk of future thrombosis for individuals with positive 
aPL [19, 20] (discussed in Chap. 9).

The observation that patients with aPL are at increased risk of first thrombosis, 
especially in the setting of other risk factors, would suggest that primary prophy-
laxis (i.e., the administration of prophylactic treatment prior to a first episode of 
venous or arterial thromboembolism) may be of benefit. However any benefit of 
primary thromboprophylaxis in aPL-positive patients must be weighed against the 
risk of bleeding associated with anticoagulants and/or antiplatelet agents and be 
evaluated in light of the likelihood of reductions in the risk of thrombosis due to 
modification of other risk factors.

Aspirin is an optional preventative therapy in a variety of patients at risk of both 
arterial and venous thrombosis. Arnaud and colleagues examined ten observational 
studies and one randomized control trial including 1208 patients with positive aPL 
who experienced a total of 139 venous and arterial thromboembolic events. Aspirin- 
treated patients were protected against a first arterial event (OR 0.48 (0.28–0.82)) 
but not against a first venous event (0.58 (0.32–1.06)). Interpretation on this analysis 
is limited by heterogeneity, inclusion of both observational and interventional stud-
ies, and a lack of consistency in laboratory criteria for diagnosis. The finding that 
the beneficial effect of aspirin was confined to the non-prospective studies high-
lights the uncertainty about how (or whether) these observations should impact 
clinical practice [21]. Similar findings were reported in a more recent patient-level 
analysis [22].

The lack of convincing evidence of benefit of aspirin suggests that more inten-
sive anticoagulant options should be undertaken with great care and only in highly 
selected patients. For most patients with aPL, it is likely that the bleeding risk asso-
ciated with anticoagulant use would outweigh the small potential absolute benefit of 

M. Crowther et al.



227

primary thrombosis prevention. Cuadrado et al. examined the number of thrombotic 
events among patients with aPL and a history of SLE and/or prior obstetric morbid-
ity randomized to receive low-dose aspirin or low-dose aspirin plus warfarin tar-
geted to an international normalized ratio of 1.5. A total of 82 patients were allocated 
to low-dose aspirin and 84 to low-dose aspirin and warfarin. Over the total enrol-
ment period of 5 years, eight patients had a thrombotic event (four per arm, p = NS). 
Eleven patients allocated to dual therapy reported abnormal bleeding compared 
with none allocated to low-dose aspirin. The authors concluded that low-dose aspi-
rin plus warfarin cannot be justified as a primary prevention strategy given the lack 
of evidence of efficacy and reasonable evidence of toxicity [23].

Hydroxychloroquine has multiple beneficial effects in SLE patients, and it may 
reduce the levels and/or activity of aPL [24]. A prospective study of hydroxychloro-
quine in patients with aPL was terminated early due to a low recruitment rate exac-
erbated by a prolonged manufacturing shortage and price increase of 
hydroxychloroquine in the United States [25]. A recent systematic review found no 
evidence of a therapeutic benefit for hydroxychloroquine in patients with aPL con-
currently treated with aspirin [22]. Toxicities include ocular abnormalities which 
increase toward 1% after 5–7 years of use or a cumulative dose of 1000 g, mandat-
ing regular ophthalmologic examinations [26].

Case reports and other very low-quality evidence have suggested that a variety of 
interventions, including intravenous immunoglobulin and immunosuppression, 
may be of benefit in selected patients with aPL; however, such evidence is highly 
prone to bias and is not relevant to the “average patient” with aPL and no prior his-
tory of thrombosis.

In summary, patients with aPL (particularly those with other systemic autoim-
mune diseases and multiple serologic abnormalities) are at an enhanced risk of both 
venous and arterial thrombosis compared with patients in the general population. 
Aspirin can be considered to reduce the risk of a first thrombotic event in patients 
with persistently positive aPL, especially in those with other cardiovascular risk fac-
tors; however, the net benefit of this intervention remains uncertain. More intensive 
prophylactic treatment, such as a combination of aspirin with low-intensity warfarin, 
appears ineffective and is associated with enhanced toxicity. Hydroxychloroquine 
should be used as part of a strategy to mitigate SLE complications, but the 
effectiveness is unknown in aPL-positive patients without other systemic autoim-
mune diseases. There is insufficient evidence to justify other prophylactic treatment 
strategies against thrombosis in patients with aPL, with or without underlying auto-
immune diseases. Risk factor modification should be undertaken in all patients to 
reduce their risk of atherosclerotic vascular disease and venous thromboembolism.

 Secondary Thrombosis Prevention

In general, secondary prevention of thromboembolism involves the administration 
of anticoagulation as well as the identification and management of modifiable risk 
factors as discussed above.
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The risk of recurrent thrombosis in patients with aPL has not been clearly iden-
tified. In general, patients are divided into those with one or more venous throm-
boembolic events (without arterial events) or those with prior arterial events 
(irrespective of their history of venous events). Garcia et al. highlighted the poor 
quality of data describing the risk of recurrence in patients with aPL and prior 
venous thromboembolism. In their study of more than 500 patients with aPL 
(compared with more than 1900 patients without aPL), the unadjusted risk for 
recurrent venous thromboembolism after stopping anticoagulation was 1.53 
(0.76–3.11) for patients with aCL and 2.83 (0.83–9.64) for patients with a positive 
LA test. Neither reached statistical significance, and the authors concluded that 
positive aPL tests increase the risk of recurrent venous thromboembolism; how-
ever, “the strength of this association is uncertain because the available evidence is 
of very low quality” [27].

 Venous Thrombosis (Without a History of Arterial Thrombosis)

Patients with persistent positivity of aPL and a history of one or more venous throm-
botic events are adequately treated with warfarin administered to achieve an inter-
national normalized ratio (INR) of 2.0–3.0. This conclusion is based upon two 
randomized controlled trials both of which were designed to demonstrate superior-
ity of higher-intensity warfarin and both of which counterintuitively showed a non-
significantly increased risk of recurrent thrombosis when high-intensity warfarin 
(target INR > 3.0) was compared to a more conventional approach (INR of 2.0–3.0) 
[28, 29]. No studies have examined the optimal duration of anticoagulation in 
patients with persistent positive aPL and one or more venous thromboembolic 
events; in the absence of such evidence, most “experts” support extended duration 
therapy for such patients [30]. There is no evidence to support the addition of aspirin 
to warfarin administered to achieve an INR of 2.0–3.0 in patients with a history of 
aPL and prior venous thromboembolism. Although the direct oral anticoagulants 
are appealing alternatives to warfarin in many clinical settings, there are only spo-
radic reports on their use in patients with aPL [31, 32]. The results of randomized 
controlled trials on their efficacy and safety in patients with APS are pending (dis-
cussed in Chap. 18).

Other agents, such as intravenous immunoglobulin or immunosuppression (e.g., 
with corticosteroids), are the subject of anecdotal reports of success in preventing 
recurrent venous thromboembolism; however, such reports should be regarded with 
skepticism, given small numbers, short follow-up periods, and exceptional case 
selection. Agents such as therapeutic dose low-molecular-weight heparin should be 
reserved for patients with recurrences despite usual therapeutic anticoagulation [33].

In summary, patients with aPL and a history of prior venous thrombosis and no 
previous arterial thrombosis can be adequately treated with warfarin with a target 
INR of 2.0–3.0. The direct oral anticoagulants are an appealing option for such 
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patients; however, until reasonable evidence on their safety and efficacy is available, 
their use should be confined to selected patients who are fully informed with respect 
to the lack of good-quality evidence for their use.

 Arterial Thrombosis (Irrespective of the History of Venous 
Thrombosis)

Patients with persistent aPL and a history of arterial thrombosis represent a more 
difficult clinical scenario. As previously discussed, risk factor modification is likely 
to be critical, particularly in older patients or those with additional risk factors.

The “aPL and Stroke Study” enrolled a selected group of patients who had a 
single positive aPL determination and a prior stroke, treated with aspirin or warfa-
rin (administered to a nonstandard therapeutic intensity of 1.4–2.8), and followed 
for recurrent vascular events over a 2-year period. The rates of recurrent vascular 
events were similar in both groups. Criticisms of this study include the failure to 
enroll patients with persistent antibody positivity, the use of nonstandard warfarin 
intensity, and a demographic profile quite different from that generally seen in 
patients acknowledged to have APS [34]. A recently published follow-up analysis 
wherein selected patients underwent serial testing for aCL, aβ2GPI, and anti-phos-
phatidylserine antibodies from stored serum found that none of persistently present 
aCL and anti- phosphatidylserine antibodies or transiently positive aβ2GPI, anti- 
phosphatidylserine antibodies, or aCL were associated with an increased risk of 
recurrent thrombosis. Persistently positive aβ2GPI were associated with reduced 
time to event/death (hazard ratio 2.86 (1.21–6.76)). Unfortunately, LA, the 
antiphospholipid antibody test most strongly related to thrombosis, could not be 
determined [35].

The two randomized controlled trials which have established warfarin adminis-
tered to a target INR 2.0–3.0 as the preferred treatment for patients with prior venous 
thromboembolism and persistent aPL positivity enrolled a relatively small number 
of patients with prior arterial thrombosis [28, 29]. As a result, there are limited data 
to support any particular treatment strategy in these patients. Furthermore, given the 
low rate of recurrent thrombosis observed to date in studies of anticoagulant strate-
gies in such patients, it is unlikely that further methodologically rigorous evidence 
will become available – the required sample sizes for definitive studies are likely to 
make such studies unfeasible. Potential strategies include “usual-intensity warfarin” 
(target INR 2.0–3.0), with or without aspirin, higher- intensity warfarin (target INR 
greater than 3.0) with or without aspirin, alternate anticoagulant strategies (e.g., 
long-term therapeutic dose low-molecular-weight heparin), or the combination of 
one of these anticoagulant strategies with an alternate treatment designed to reduce 
the likelihood of recurrence [30].

“Usual-intensity warfarin” is the preferred treatment for the prevention of recur-
rent arterial thrombosis in many clinical centers and has been recommended by 
widely regarded, evidence-based guidelines [36]. The addition of aspirin is fre-
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quently considered, particularly in patients with additional atherosclerotic vascular 
risk factors who would be treated with antiplatelet therapy if they did not have per-
sistent aPL positivity. As noted, the safety of this treatment remains controversial 
given the lack of good-quality, prospective data.

“Higher-intensity warfarin” is a preferred option in some clinical centers. 
However, maintaining an INR above 3.0 is technically difficult and may increase the 
risk of bleeding. Such therapy should be confined to specialized institutions familiar 
with the risks and benefits of more intense warfarin therapy. Addition of aspirin to 
“higher-intensity warfarin” is likely to increase the risk of bleeding to an unreason-
able degree in many patients; as a result, the combination of aspirin plus higher- 
intensity warfarin should be confined to those patients for whom other, less 
hazardous, antithrombotic strategies would be expected to fail.

Alternate therapeutic strategies, such as long-term therapeutic dose low- 
molecular- weight heparin, should be confined to patients with objectively con-
firmed failure of therapeutic anticoagulation with warfarin. The cost, complexity 
and potential for bleeding with such therapy make it an unreasonable “first choice” 
for such patients.

Certain patients with APS present with a fulminant “catastrophic” thrombotic 
course characterized by recurrent arterial and/or venous thrombosis despite ade-
quate anticoagulation. Such patients may be treated with intensified low-molecular- 
weight heparin or more aggressive therapies such as immunomodulation with 
immunosuppressive drugs, intravenous immunoglobulin, plasma exchange or ritux-
imab (discussed in a Chap. 17).

In summary, there is a lack of good-quality evidence to support any particular thera-
peutic strategy in patients with persistent aPL positivity and a history of  arterial throm-
bosis (with or without prior venous thrombosis). Standard-intensity warfarin 
(administered to an INR of 2.0–3.0) is used in many centers based on limited data from 
two randomized controlled trials. Some centers may choose to use higher- intensity war-
farin (administered to an INR of greater than 3.0). Aspirin is frequently added, particu-
larly to patients with “traditional” atherosclerotic risk factors and/or with demonstrated 
atherosclerotic lesions with concomitant usual intensity warfarin; however, evidence for 
additional efficacy over and above that of warfarin is limited, and the addition of aspirin 
will increase the risk of bleeding. Aspirin alone may be the preferred agent in some 
patients presenting with stroke (e.g., perhaps those with low-risk serological character-
istics). The direct oral anticoagulants are not indicated for the prevention of recurrent 
arterial thrombosis in most jurisdictions and as such should be avoided in these patients. 
Other agents, such as therapeutic dose low-molecular-weight heparin, may be consid-
ered in patients with objectively confirmed recurrent thrombosis despite adequate war-
farin therapy. An additional role of hydroxychloroquine in the secondary prevention of 
arterial thrombosis is suggested; however, no studies have yet demonstrated such an 
effect, their use being thus restricted to empirical therapy for patients with recurrent 
thrombosis despite correct antithrombotic treatment or with bleeding complications or 
risk that preclude the use of anticoagulant drugs. Further research is required to better 
define “optimal therapy” for these patients, given the small number of patients currently 
enrolled in studies and the catastrophic negative outcomes of recurrent thrombosis.
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 Group Conclusion (Table 11.1)

Prevention of first and recurrent thrombosis in patients with aPL is a high clinical 
priority since such patients appear to be at increased risk of thrombosis. Primary 
prevention with aspirin is considered in patients with persistently positive aPL, 
especially in those with additional indications for aspirin, but should not be consid-
ered “standard” in patients who do not have such risk factors. Secondary prevention 
of patients with venous thrombosis should consist of warfarin administered to an 
INR of 2.0–3.0. Most patients with prior arterial thrombosis are treated with warfa-
rin at a target INR of 2.0–3.0; however, evidence to support this intervention is 
weak. In some centers, there is a preference for higher-intensity warfarin or addition 
of low-dose aspirin to a standard intensity anticoagulation regime. The published 
experience with direct oral anticoagulants to treat thrombosis in patients with aPL 
is very limited. Good-quality studies are urgently needed for many clinical deci-
sions relevant to patients with aPL who have, or at risk of, thrombosis as current 
evidence to guide practice is limited.

Table 11.1 Group recommendations for the prevention and treatment of thrombotic 
antiphospholipid syndrome

Cardiovascular disease and venous thrombosis prevention

Screening for and aggressive management of conventional atherosclerosis risk factors
Screening for and elimination of venous thrombosis risk factors
Patient education
Primary thrombosis prevention

Low-dose aspirin in persistently moderate-to-high titer aPL-positive patients who have 
additional cardiovascular risk factors. No evidence that aspirin benefits the patients who do not 
have additional cardiovascular risk factors
No anticoagulation except if indicated for other conditions
Secondary thrombosis prevention

Warfarin with a target international normalized ratio (INR) of 2.0–3.0 for venous thrombosis
Warfarin with a target INR of 2.0–3.0 with consideration of low-dose aspirin for arterial 
thrombosis (the group acknowledges the fact that given the lack of strong data on arterial 
thrombosis, some centers prefer warfarin with a target INR of 3.0–4.0)
No use of direct oral anticoagulants until the results of the ongoing randomized clinical trials are 
available
Indefinite anticoagulation in aPL-positive patients with unprovoked thrombosis with continuous 
assessment of the bleeding risk.
Optimal therapy of patients with provoked venous thrombosis is unknown. Therapy for a 
minimum of 3 months and until the provoking risk factor is eliminated should be provided to 
all patients. Strong consideration of extended duration anticoagulation recommended for most 
patients except perhaps those identified to have a high risk of bleeding.
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