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Abstract The antiphospholipid syndrome is character-
ized by a combination of laboratory findings (i.e., the
presence of at least one antiphospholipid antibody) and
clinical manifestations (arterial and/or venous thrombosis,
obstetrical complications). Long-term oral anticoagulant is
recommended to prevent recurrence of both arterial and
venous thrombosis, whereas (low molecular weight) hep-
arin plus aspirin is the treatment of choice to prevent fur-
ther obstetrical complications. In the rare case of
catastrophic antiphospholipid syndrome, heparin plus high-
dose corticosteroids plus plasma exchange is associated
with the highest recovery rate. Some new, non-antithrom-
botic-based treatments of antiphospholipid syndrome with
rituximab, autologous stem cell transplantation, or
hydroxychloroquine are also reviewed.

Keywords Antiphospholipid antibodies -
Antiphospholipid syndrome - Thrombosis - Pregnancy
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Introduction

The history of antiphospholipid (aPL) antibodies started
almost 25 years ago, when the first reports of [2-glyco-
protein I (B2-GPI) [1-3] and prothrombin [4] as antigenic
targets of these antibodies were published. During more
than two decades, knowledge has accumulated that clari-
fied the interconnection between lupus anticoagulant (LA)
activity measured in phospholipid-dependent coagulation
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tests and antibodies directed against cardiolipin (aCL), $2-
GPI (antipf2-GPI), and prothrombin measured by enzyme-
linked immunosorbent assays (ELISA) [1, 4]. It is now well
accepted that LA activity may be exerted via different
mechanisms by both antiprothrombin [4] and anti2-GPI
antibodies [5], either alone or in combination [5, 6], and
that the majority of aCL antibodies recognize, in reality,
B2-GPI bound to cardiolipin-coated plate [1]. These
observations guided the establishment of the clinical and
laboratory criteria for antiphospholipid syndrome (APS)
first in 1999 [7], which were updated in 2006 [8]. In 2009
the updated laboratory criteria for LA diagnosis, first set in
1985 [9], were published [10].

Pathophysiology of APS

That aPL antibodies are causatively related to the clinical
manifestations of APS and not merely innocent markers of
these events comes from a large body of studies, which
demonstrated that:

1. the infusion of plasma or the total IgG fraction or the
affinity-purified aPL antibodies from patients with
APS increases the thrombus size in ex vivo models of
arterial and venous thrombosis in mice and hamsters,

2. passive and active immunization with total IgG
fraction or affinity-purified aPL antibodies from
patients with APS increases the fetal resorption rate
of pregnant mice and causes thrombocytopenia,

3. myocardial infarction, thrombocytopenia  and
increased fetal resorption rate are typical of mice
prone to systemic lupus erythematosus (SLE).

A comprehensive review on this topic has been recently
published [11].
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From a mechanistic point of view, particular focus has
been paid to the prothrombotic effects of antif2-GPI
antibodies, as their interaction with f2-GPI occurs on a
phospholipid surface. This may lead to a prothrombotic
condition. In this respect, impairment of factor Va inacti-
vation by the protein C system [12], displacement of
annexin V from anionic procoagulant surfaces [13] and
suppression of the inhibitory activity of tissue factor
pathway inhibitor [14] have been described to be caused by
antif2-GPI antibodies in the presence of B2-GPI. Also,
antiprothrombin antibodies have been shown to inhibit
factor Va inactivation by the protein C system in a pro-
thrombin-dependent way [15]. This is, however, a too
simplistic explanation of the prothrombotic effect of
antif2-GPI antibodies. In their recent review, Giannako-
poulos and Krilis [16] have reported a long list of other
possible or ascertained mechanisms through which antif2-
GPI antibodies may lead to thrombosis: increased oxidative
stress, impaired function of endothelial nitric oxide syn-
thase, activation of receptors, increased expression and
activation of tissue factor, increase in free thiol form of
Factor XI, antibody-mediated activation of complement C3
and C5, increased expression of Toll-like receptors 7 and 8
[17], increased sensitization of Toll-like receptors 7 and 8
agonists and B cell activating factor.

Among anti32-GPI antibodies, those directed against the
Gly40-Arg43 peptide sequence on domain I express LA
activity and are, obviously, also positive in ELISAs for
aCL and antif2-GPI antibodies [18, 19]. Under normal
circumstances, the Gly40-Arg43 peptide epitope on
domain I is hidden and cannot, therefore, elicit binding of
antif2-GPI antibodies. However, upon binding to an
anionic phospholipid surface via the large positive patch on
domain V, PB2-GPI undergoes a conformational change
which uncovers the hidden epitope [20]. Such a binding
may occur on the surface of an injured vessel or on the
membrane of activated blood or endothelial cells or
platelets. This is coherent with the “two-hits” hypothesis,
which explains why aPL antibodies are not thrombogenic
per se.

2-GPI may circulate in plasma in both a circular and an
open conformation form [21]. The circular form is main-
tained by the interaction between the first and the fifth
domain and is non-immunogenic; conversely, the open
form exposes the Gly40-Arg43 peptide epitope, which
becomes available for the binding of the thrombogenic
antif2GPI antibody. Under oxidative stress conditions, the
balance between these two forms may shift toward the
open conformation of B2-GPI. In this respect, Ioannou
et al. [22] have recently reported elevated levels of oxi-
dized B2GPI in APS patients. In its oxidized form, f2GPI
is unable to protect endothelial cells against oxidative
stress-induced cell injury [23]. Therefore, it is conceivable
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that the relative abundance of oxidized B2GPI in APS may
lower the threshold for development of vascular thrombosis
by itself as well as via its interaction with antiB2GPI
antibodies.

The ontogeny of the pathogenic aPL antibodies is still
poorly understood. According to the “molecular mimicry”
theory, the incidental exposure to certain infectious agents
that bear P2GPI-like structures may induce a break in
tolerance to this antigen and facilitate the production of
pathogenic aPL in genetically prone subjects [24]. Infec-
tious and/or inflammation agents or oxidative stress may
also induce conformational changes in P2GPI, with the
consequent exposure of otherwise hidden epitopes, which
enables autoantibody production [25].

APS manifestations and risk profile

The analysis of clinical events at disease onset of 1,000 APS
patients showed the following prevalences: deep vein
thrombosis 31.7 %, cerebral stroke 13.1 %, superficial
thrombophlebitis 9.1 %, pulmonary embolism 9 %, transient
ischemic attacks 7 %, myocardial infarction 2.8 % and fetal
losses 8.5 % [26]. The 5-year follow-up analysis of the same
cohort of patients showed that 200 patients (20 %) developed
APS-related manifestations: of them, 166 were recurrent
thrombosis [27]. The most common were strokes, transient
ischemic attacks, deep vein thrombosis and pulmonary
embolism (in decreasing order of prevalence).

Systematic reviews have consistently reported that LA is
a stronger risk factor than aCL and antiff2-GPI for both
arterial and venous thrombosis and obstetric complications
[28-30]. aCL and anti2-GPI antibodies only show some
significant association with thrombosis and obstetric com-
plications at high titer. In keeping with this is the obser-
vation that when they are independent of LA and aCL,
neither antiff2-GPI nor antiprothrombin antibodies are
associated with arterial or venous thrombosis [31].

Moving from the prognostic significance of the single
aPL test to that of the aPL profile—defined by the various
combinations of LA, aCL and antif2-GPI positivity [32]—
several retrospective and prospective studies have shown
that triple aPL positivity (i.e., aCL, antif2-GPI and LA
positivity) correlates more strongly with both thrombosis
and pregnancy morbidity than the presence of single or
double positivity [32-39]. With respect to thrombosis, tri-
ple aPL positivity conferred an odds ratio (OR) that ranged
from 5.24 to 33.3. In contrast, none of the other combi-
nations of aPL positivities reached statistical significance.
A large, prospective multicenter study on triple aPL-posi-
tive APS patients reported a cumulative incidence of
thrombosis of 12.2, 26.1 and 44.2 % after 1, 5 and 10 years
of follow-up, respectively [34].
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Antibodies responsible for triple aPL positivity recog-
nize the Gly40-Arg43 epitope in the first domain of 2-GPI
and are associated with a history of thrombosis [18, 19].
When measured by means of an ELISA with the first
domain of PB2-GPI coated on hydrophobic plates, the
prevalence of IgG antibodies was 55 % among 442 [32-
GPI-positive patients [39]. Their presence conferred an OR
of 3.5 and 2.4 for thrombosis and obstetric complications,
respectively.

Primary prevention of thrombosis

The appropriateness of primary thromboprophylaxis in
asymptomatic aPL-positive subjects is still under debate. A
trial on 98 such patients who were randomized to receive
either aspirin or placebo failed to show any benefit from
aspirin administration [40]. Furthermore, the overall annual
incidence of first acute thrombosis was very low in both
groups of patients (2.7 % patient—year for aspirin-treated
patients and 0 % patient—year for those receiving placebo).
These figures correlate well with the observation from the
Italian Registry on aPL antibodies, which reported an
incidence rate of first thrombosis of 0.95 % patient—year
among 243 aPL-positive cases without a history of
thrombosis [41]. These data, however, do not take into
account the aPL profiles of the patients.

The group of Pengo et al. [35] has reported a clear
correlation between the risk of first thrombosis and the aPL
profile: compared to an annual rate of 0.4 % in the normal
white population aged 35-55 years, that of single aPL-
positive asymptomatic patients carries approximately
1.36 % [42], and that of triple aPL-positive asymptomatic
patients exceeds 5 %. The cumulative incidence of first
thrombotic event among their 104 triple aPL-positive
patients was 9.8 % after 2 years, 27.3 % after 5 years and
37.1 % after 10 years. There were 12 arterial and 11
venous TEs, 1 thrombosis of the right atrium and 1 renal
thrombotic microangiopathy. Most carriers of triple posi-
tivity in the study (64 %) did not receive any antithrom-
botic prophylaxis and the remaining were given low-dose
aspirin. However, aspirin did not reduce the rate of either
total or arterial thrombosis.

Very recently, the results of a trial in 166 aPL-positive
patients with SLE and/or obstetric morbidity randomized to
receive either low-dose aspirin (n = 82) or low-dose
aspirin plus low-intensity warfarin (n = 84) have been
reported [43]. No difference in the number of thrombosis
between the two groups was observed (four events in each
group) and the overall incidence of thrombosis was 1.8 %
patients—year. More episodes of hemorrhage were recorded
in the group receiving low-dose aspirin plus low-intensity
warfarin. The study included also an observational arm of

66 patients, who had declined randomization, 65 of whom
were on low-dose aspirin. Their incidence of thrombosis
was 4.9 % patients-year (7 events in 66 patients). This is a
rather unexpected result, particularly when compared with
the outcome of the group of patients randomized to low-
dose aspirin.

Based on these data, one may consider primary throm-
boprophylaxis only in triple aPL-positive asymptomatic
subjects, or in those carrying an underlying (autoimmune)
disease. It is, however, necessary to remind that aspirin is
not the drug of choice. Whether these patients should
receive oral anticoagulation (OAT) (either vitamin K
antagonists or one of the new oral anticoagulants) or drugs
that target one or more among the possible pathogenic
mechanisms of thrombosis still has to be demonstrated. Of
course, strict control and, whenever possible, treatment of
venous and arterial risk factors and adequate thrombopro-
phylaxis during high-risk situations are of the utmost
importance to reduce the risk of the first thrombotic event.

Secondary prevention of recurrent thrombosis

Long-term oral OAT with vitamin K antagonists is the
mainstay of treatment of APS patients to prevent the
recurrence of both arterial and venous thrombosis. In
general, a low-intensity OAT (aimed at a PT INR between
2.0 and 3.0) is recommended after the first episode of
venous thrombosis. After an arterial event, OAT at higher
intensity (aimed at a PT INR 3.0-4.0) or a combination
therapy is recommended. In the case of a second recurrence
despite an adequate OAT (at a PT INR 2.0-3.0), it is
suggested to increase its intensity to reach a PT INR
3.0-4.0 or to shift to alternative therapies. Patients with
aPL antibodies at low titer or with a single aPL positivity
should receive secondary treatment as per usual recom-
mendations. For recent reviews see references [44—47].
Evidence-based recommendations on prevention and
treatment of thrombosis have been published recently [47].

These recommendations take into account, at least par-
tially, the results of several retrospective studies and of
three randomized clinical trials (RCT). Two RCTs [48, 49]
specifically addressed the issue of the optimal intensity of
OAT and concluded that a low intensity (aimed at a PT
INR 2.0-3.0) was equally efficient as a higher intensity
regimen (aimed at a PT INR 3.0-4.0). However, they were
limited by the relatively small number of patients included
in each study and by the enrollment of patients with both
arterial and venous thrombosis as the qualifying event. The
third RCT [50] addressed the issue of the prevention of
thrombosis recurrence after a first stroke and concluded
that aspirin (325 mg/day) was equally efficient and safe as
OAT (aimed at a PT INR 1.4-2.8). However, this was a
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sub-study of a larger study, the presence of aPL antibodies
was measured only once and most cases were at low aPL
titer. Thus, the majority of the patients included in the trial
did not qualify for a diagnosis of definite APS.

The overall incidence of recurrent thrombosis in APS
patients approximates 4-6 % patients-year [34, 41].
Patients off OAT have a significantly higher risk to develop
a recurrence: in the study by Pengo et al. [34] on a large
number of well-characterized triple-positive APS patients,
thrombosis recurred in 29 % of those on OAT and in 51 %
of those not receiving OAT. Thus, this study supports the
concept of a prolonged duration of secondary prophylaxis.
However, the same study reported that the incidence of
thrombosis recurrence was highest in the first year
(12.2 %) and declined thereafter. On the other side, it
clearly shows that high-risk (i.e., triple aPL positive)
patients may not be sufficiently protected by OAT.

Thus, when approaching the issue of prevention of
recurrent thrombosis in APS patients, a number of key
questions still need a proper answer:

1. Should arterial and venous thrombosis be treated
differently?

2. Which is the optimal intensity of anticoagulation?

Which is the optimal duration of anticoagulation?

4. Should APS patients receive different treatment
according to their aPL risk profile?

5. What is the role of the new oral anticoagulant drugs in
APS?

6. Should non-antithrombotic drugs be considered in the
secondary prevention of thrombosis?

(O8]

No data are, so far, available regarding the safety and
efficacy of new oral anticoagulant drugs in APS patients. It
is possible that such information will be available in the
coming years. In fact, the prospective phase II/III ran-
domized RAPS (Rivaroxaban in APS) trial is an Arthritis
Research UK study presently underway, aimed at demon-
strating that the intensity of anticoagulation in thrombotic
APS patients on rivaroxaban is non-inferior to that
obtained with warfarin as assessed by the endogenous
thrombin potential.

Regarding the non-antithrombotic drug approach of
APS, a number of small studies and case reports have
reported about the outcome of patients treated with ritux-
imab or autologous stem cell transplantation (ASCT).
Rituximab has been used mainly to treat non-thrombotic
manifestations of APS: a recent phase II trial showed a
complete or partial response in terms of thrombocytopenia,
skin ulcers, nephropathy and cognitive dysfunctions in 11
out of 19 patients [51]. No amelioration of cardiac valve
disease was seen. aPL titers did not change over the 1-year
follow-up period. ASCT is feasible and safe in APS
patients and may eradicate aPL antibodies, at least in a
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proportion of patients [52]. A trial of ASCT in 22 SLE
patients with APS showed that 18 of them were able to
discontinue OAT, with 78 % remaining thrombosis free
after a median follow-up of 15 months [52]. No ASCT-
related mortality was reported.

The so-called “seronegative” APS, patients whose aPL
antibodies turn negative, and aPL-positive patients who do
not formally satisfy the criteria for APS represent unusual
situations [53] which pose particularly challenging treat-
ment problems [54].

Primary and secondary prevention of obstetric
complications

Approximately, 15-20 % of women with three or more
pregnancy losses are aPL positive [55], and their reported
fetal loss rate reaches 50-90 % without specific treatments
[56]. Thus, in the last 20 years a number of clinical trials
have been performed to identify the most appropriate
treatment to improve the pregnancy outcome of these
women.

Primary prevention of obstetric complications in
asymptomatic aPL-positive women is generally managed
with patient’s education and strict controls of pregnancy.
Administration of low-dose aspirin, particularly in the case
of a concomitant autoimmune disease, may be considered
[57].

In thrombotic APS women who want to undergo their
first pregnancy, treatment is mostly aimed at preventing
thrombosis recurrence [58]. Therefore, they are normally
treated with full-dose low molecular weight heparin
(LMWH) with or without aspirin throughout pregnancy.
OAT is generally resumed at puerperium. In case the
thrombotic APS patient is on aspirin prophylaxis before
pregnancy, aspirin should be continued and LMWH addi-
tion (at full or prophylactic dose) considered during preg-
nancy. In case the thrombotic APS patient is not receiving
any antithrombotic drug, administration of LMWH at least
at prophylactic dose should be considered throughout
pregnancy. These approaches favor also the positive out-
come of pregnancy, since thrombotic APS women appear
to have a higher risk of preterm delivery and small for
gestational age babies compared to obstetric APS [59].

Secondary prevention of obstetric complications is
aimed at improving both maternal and neonatal outcomes
and is based on the administration of LMWH at prophy-
lactic dose plus low-dose aspirin [44]. This recommenda-
tion derives from a number of clinical trials performed
during the last 20 years, which also demonstrated that
prednisone or intravenous immunoglobulins were not
beneficial and may be even detrimental to pregnancy out-
comes. These trials, however, did not solve the problem of
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the best timing for commencing both aspirin and LMWH.
Again, a distinction should be made according to the
thrombotic or obstetric APS phenotype of these women. In
purely obstetric APS women, pregnancy may be success-
fully managed according to protocols based on LMWH and
aspirin [59]. Conversely, history of both thrombosis and
pregnancy loss confers to APS women an odds ratio of
unsuccessful pregnancy of 12.7 despite adequate treatment
[59]. Also, the presence of SLE or other autoimmune dis-
eases was an independent risk factor of adverse outcomes
[59]. When analyzed according to their aPL profile, triple
aPL-positive women have the highest risk of pregnancy
losses [33, 60, 61]. Thus, more studies that stratify patients
according to their clinical phenotype and aPL profiles are
urgently needed to establish the most appropriate treatment
strategies for these women at high risk of unsuccessful
pregnancy despite conventional therapy.

The catastrophic APS (CAPS)

Catastrophic APS (CAPS) is a rare variant of APS occur-
ring in <1 % of the patients. It is characterized by
thrombosis in multiple organs over a short period of time,
with histopathological evidence of occlusions of small
vessels [62]. Since 2000, an International Registry has been
created [63] aimed at documenting the clinical and labo-
ratory features of these cases, the treatment strategies
employed and the outcome of treatments.

The pathogenesis of CAPS is still poorly understood.
(Bacterial) infections anticipate its development in
approximately 60 % of the patients [64]. The clinical
manifestations of CAPS depend on the organs affected by
the thrombotic events, extent of thrombosis and of systemic
inflammatory response syndrome. Cerebral involvement
(due to stroke, cerebral hemorrhage or encephalopathy) is
the main cause of death, followed by cardiac involvement
and infection. Coexistent SLE is the only recognized
adverse prognostic factor of a higher mortality rate, which,
before 2000, exceeded 50 % and went down to about
20-30 % in the last decade [65].

First-line treatment of CAPS includes heparin plus high-
dose corticosteroids plus plasma exchange, which is asso-
ciated with the highest recovery rate (78 %), followed by
heparin plus high-dose corticosteroids plus infusion of
immunoglobulins (69 % recovery rate) [65]. An algorithm
for treatment of CAPS has been proposed already a decade
ago [66]. A follow-up study of CAPS survivors showed
that about 17 % of them developed further APS-related
manifestations, but none of them relapsed of CAPS [67].
The registry, however, reports about few patients who
relapsed of CAPS: infections, sub-therapeutic OAT or

withdrawal of OAT were the most probable precipitating
factors.

A recent analysis from the “CAPS Registry” reported
on 20 patients treated with rituximab: 8 of them (40 %)
received rituximab in combination with the first-line ther-
apy (in 2 cases as part of lymphoma treatment), whereas
the other 12 (60 %) as second-line therapy [68]. The dos-
age and scheme of rituximab administration were rather
variable. Overall, 16 patients (80 %) recovered from
CAPS, whereas the other 4 (20 %) died.

Conclusions and future trends in the treatment of APS

The identification of the antigenic targets of aPL anti-
bodies allowed a new start in the investigation of the
mechanisms of thrombosis and pregnancy loss that char-
acterize APS. It is now ascertained that antif2-GPI anti-
bodies toward the Gly40-Arg43 epitope in the first
domain of B-GPI play an important pathogenic role,
whose intracellular pathways are being clarified. This is
allowing physicians to consider new, not necessarily
anticoagulation-based, therapeutic approaches of APS.
Besides Rituximab and ASCT, other drugs have already
been employed in APS. For instance, hydroxy-
chloroquine-treated SLE patients have been recently
reported to have reduced odds to display a persistent aPL
positivity [69, 70]. Another study [71] showed that
1-month administration of fluvastatin to 42 APS patients
significantly reduced their expression of monocyte tissue
factor, protein activator receptors 1 and 2 and vascular
endothelial growth factor. Moreover, proteins involved in
thrombotic development (annexin II, RhoA and protein
disulfide isomerase) displayed an altered expression after
fluvastatin administration. Presently, several molecules
targeting different pathways of cell activation due to aPL
or antif2-GPI antibodies are being tested in various
in vitro and ex vivo models of APS. Thus, the possibility
that immunomodulatory drugs and targeted therapies will
efficiently treat or, even better, prevent the clinical man-
ifestations of APS does not seem anymore too far away
from being realized. This will translate into a significant
improvement of the quality and also the quantity of the
life of patients suffering from APS.
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