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Overview
The antiphospholipid syndrome (APS) was first
described by Harris, Hughes and colleagues in 1983.1

The major clinical features consist of arterial2–6 and
venous7 thrombosis leading to tissue ischemia or
recurrent fetal loss,8,9 and thrombocytopenia in the
presence of antiphospholipid antibodies (aPLs).10 A
variety of neurological manifestations have also been
described. Some of these are related to thrombosis,
but others are not (see Table 56.1). Prior to the recog-
nition of all the major facets of the clinical syndrome,
thrombosis, and less commonly bleeding, were associ-
ated with the presence of a prolongation of phospho-
lipid-dependent coagulation tests. This was called the
Lupus anticoagulant (LA) effect because the coagula-
tion test was prolonged as it might be in a patient on
an anticoagulant medication, and it occurred most
commonly in patients with systemic lupus erythe-
matosus (SLE). A similar thrombotic tendency was
seen in patients with antibodies to cardiolipin as
detected by solid-phase radioimmunoassay and later
enzyme-linked immunosorbent assay (ELISA) tech-
niques.11 There was some overlap between patients
with the LA and immunoreactivity to cardiolipin
using solid-phase testing, thus researchers initially
thought that the same prothrombotic antibody must
be detected by both techniques. Cardiolipin is found
primarily in the plasma membranes of mitochon-
dria,12 and is not readily accessible to the immune
system. However, cross-reactivity to other negatively-
charged phospholipids was soon recognized. Phos-
phatidylserine is found in abundance in the plasma
membranes of all cells and is exposed during cell acti-
vation and membrane re-modeling. In addition, phos-
phatidylserine immunoreactivity is more strongly
associated with fetal loss9,13 and thrombosis14,15 than is
cardiolipin immunoreactivity. In 1990, three groups
independently identified the need for a co-operative
phospholipid-binding protein in order to detect most,
but not all, aPLs.16–19 This protein was sequenced and
identified as beta-2-glycoprotein-1 (�2GP-1). Consid-
ering the substantial immunogenic quality of proteins
versus the low immunogenicity of lipids, the involve-
ment of a phospholipid-binding protein in the aPL
immune response made sense biologically. Proteins
such as prothrombin, annexin V, protein C, protein S,
low molecular weight kininogens and factor XI20 have
also been shown to bind phospholipids, but �2GP-1 is
by far the most common and well characterized
protein with this ability.12,14 For some LAs, �2GP-1
probably also plays a co-factor role; however, for
most, prothrombin is probably more important.21

Table 56.1 Neurological syndromes associated with
antiphospholipid antibodies

1. Cerebrovascular ischemia
Stroke
Transient ischemic attack
Cerebral venous sinus thrombosis

2. Ocular ischemia
3. Dementia

Acute ischemic encephalopathy
• with Sneddon’s syndrome
• without Sneddon’s syndrome

4. Atypical migrainous-like events
5. Seizures
6. Chorea
7. Transverse myelopathy
8. Guillain–Barré syndrome
9. Diabetic peripheral neuropathy

10. Sensorineural hearing loss
Sudden onset
Progressive

11. Transient global amnesia
12. Psychiatric disorders
13. Orthostatic hypotension

Epidemiology
Case–control studies of aPL-associated stroke in
young people have been uniformly positive.4,22,23

Some24–27 but not all28,29 case–control studies among
older adults have found aPLs to be associated with
ischemic stroke. Case–control studies have been criti-
cized because of the difficulty of establishing the tem-
poral relationship. However, studies that obtained
blood within 7 days of the event,27 or even within 6
hours of onset,30 have had positive findings. While
these time periods may be too short to allow the
development of measurable IgG levels due to a
primary or amnestic immune response,31 they do not
preclude the possibility of antibodies induced by a
recent prior febrile illness. Indeed, infection-associ-
ated cerebral infarction is not only quite common, but
is also associated with higher levels of anticardiolipin
antibodies of the IgG isotype.32

Three prospective studies of antiphospholipid anti-
bodies and stroke have been performed. Two of these
were negative.33,34 However, both were limited in sta-
tistical power and suffered from technical limitations.
The first study to show a prospective association
between anticardiolipin antibodies and ischemic
stroke evaluated patients enrolled in the Honolulu
Heart Program.35 The overall risk factor-adjusted
odds ratio (OR) for aCLs (anticardiolipin antibodies)
of the IgG class was 1.5 (95% confidence interval (CI)
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1.0–2.3), which was increased for the age group 56–70
years at baseline (OR 2.1, 95% CI 1.3–3.4). When the
association with stroke over the 20-year follow-up
period was examined by 5-year intervals, the odds
ratio for the last 5-year interval was significantly
lower than for each of the first three 5-year intervals.
This suggests that the antibodies may be changing
over time or that they may be a reflection of a sim-
ilarly changing physiological state.

Etiology
Stroke mechanisms in patients with aPL

Cerebral ischemic events can occur in any vascular
territory.36 Cerebral angiography typically demon-
strates intracranial branch or trunk occlusion, or is
normal in about one-third of patients so studied.2

Data from in-vitro studies, from experimental animal
models, and from clinical studies showing an associ-
ation of aPLs with placental infarction, peripheral and
cerebral venous thrombosis, strongly suggest that
these antibodies cause stroke through induction of a
prothrombotic state. A higher than expected fre-
quency of coronary artery37 and peripheral arterial38

graft occlusion has been noted in patients with aPL as
well. These clinical observations, coupled with recent
findings of endothelial cell activation by aPLs,39,40

support the hypothesis that aPLs may act in concert
with other vascular risk factors that damage endothe-
lial cells.

A variety of cardiac valvular lesions have been
associated with aPLs, making cardiac emboli a poss-
ible stroke mechanism in some patients. Two-dimen-
sional transthoracic echocardiography is abnormal in
one-third of patients, typically demonstrating non-
specific left-sided valvular (predominantly mitral)
lesions characterized by valve thickening.41,42 These
may represent a potential cardiac source of stroke.41–44

In a large consecutive autopsy series, a higher inci-
dence of cardiac valvular abnormalities and “bland”
(non-vasculitic) thromboembolic lesions were found
in patients with aPLs.45 Classic Libman–Sacks verru-
cous valvular lesions may also be attributable to phe-
nomena associated with APS. In 1924, Libman and
Sacks originally described a form of valvular and
mural endocarditis,46 which would later be attributed
to SLE.47,48 These valvular lesions are typically clini-
cally silent and are frequently associated with thick-
ened, functionally impaired cardiac valves that are
prone to hemodynamic deterioration. The causative
mechanisms for this pathology have yet to be
defined.48

Origin of antiphospholipid antibodies

There are no data to suggest that the severity of the
thromboembolic event, including stroke, influences
aCL titer. aCLs do not appear to be a result of the
thrombotic event in the brain4,5 or elsewhere.49

Some aPLs may arise due to infection by common
viruses and bacteria.50 Gharavi and colleagues
demonstrated that pathogenic aPL and anti-�2GP-1
antibody production can be induced following immu-

nization with mutant forms of �2GP-1 containing the
aPL binding site alone.51 A subsequent Genebank
screen yielded seven proteins with sequence homol-
ogy to the mutant proteins. Four of the peptides were
identified as part of viruses or bacteria to which
humans are commonly exposed (human
cytomegalovirus and Bacillus subtilus). Interestingly,
these exhibited a greater ability to bind PL than the
mutants they generated. Normal mice immunized
with these viral protein fragments developed aPLs
and suffered intrauterine fetal death, spinal cord
infarction and thrombosis,52 suggesting that infection
may well be the trigger for pathogenic aPL produc-
tion.50 A recent report describing APS associated with
cytomegalovirus infection illustrates that infection-
induced aPL may occasionally be associated with
thrombosis.53 In support of this proposal, Vermylen
provides corroborative evidence for infective origins
of aPL. Varicella-associated neutralizing antibodies
against protein S present clinical resemblance to
purpura fulminans,54 a congenital homozygous
protein S deficiency that may exhibit widespread
cutaneous thrombosis and necrosis shortly following
birth.55 Similar symptoms may arise from IgG and
IgM antibodies to protein S in children recovering
from varicella infection. Ultimately, common bacterial
or viral infection might incite similar mechanisms in
humans and yield aPL production in patients that
leads to APS.

Pathophysiology and pathogenesis
The range of clinical manifestations in APS might be
explained by the breadth of autoantibodies and their
characteristics (specificity, affinity/avidity, valency,
titer). Consequently, mechanisms may be widely
characterized by those involving antibody interfer-
ence with hemostatic reactions, and those involving
cell-mediated events.56 It is important to remember,
however, that not all patients with aPLs suffer throm-
bosis or recurrent fetal loss. aPLs associated with
some infections such as syphilis or certain medica-
tions are usually transient, contain a more restricted
range of phospholipid immunoreactivity, and are not
associated with clinical symptoms.57 In addition, aPLs
may be found in otherwise normal people. A prospec-
tive blood-bank study found that approximately 6.5%
of normal subjects had ELISA detected aPL IgG.58

Many aPL levels normalized with time, though, and
no thrombotic events occurred in aPL+ patients over 
a 12-month period. Krnic-Barrie and colleagues59

described recurrent thrombosis after many years of
follow-up, therefore 12 months of follow-up may not
be sufficient to assess aPL-associated thrombosis risk.

One of the most promising aspects of the discovery
of �2GP-1 as a target antigen for aPLs is the possibility
that aPLs interfere with the function of �2GP-1 in
vivo, thereby conferring a prothrombotic diathesis in
APS.60 �2GP-1, a minor natural anticoagulant, com-
petes in vitro for available phospholipid surface area
needed for assembly of the prothrombinase complex,
thereby inhibiting prothrombinase activity.61 This
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inhibitory capacity is weak under normal physiologi-
cal conditions. However, aPL may cross-link mem-
brane-bound �2GP-1 and increase �2GP-1’s inhibitory
abilities.20,62 Also, �2GP-1’s mobility remains high on
phospholipid surfaces due to ionic binding interac-
tions. Once complexed with aPL, however, there
could be a higher affinity for phospholipids that
would impede coagulation by competing with coagu-
lation factors for the available catalytic surface. There-
fore, bivalency would be essential for cross-linking
two �2GP-1 molecules and inducing a correct spatial
orientation of their phospholipid binding domains,
thereby markedly increasing their affinity for the
phospholipid surface.20 aPLs can also interfere with
the protein C pathway by inhibiting thrombin forma-
tion, interfering with thrombomodulin expression,
and inhibiting the degradation of factor Va by acti-
vated protein C (activated protein C resistance).12

Interestingly, aPL-related activated protein C resis-
tance does not appear to be associated with a muta-
tion in the coagulation factor V gene.63,64

A variety of effects on platelets, coagulation pro-
teins and endothelial cells have been ascribed to aPLs,
making them not only serological markers for APS,
but also direct contributors to the development of
thrombosis and other clinical manifestations. �2GP-1
binding to phosphatidylserine may serve in the iden-
tification of apoptotic cells, since cells undergoing
apoptosis are known to redistribute PL to expose
phosphatidylserine on the extracellular surface.65 In
vitro opsonization of apoptotic cells by �2GP-1 anti-
bodies enhances scavenger macrophages binding.
With respect to platelet–antibody interactions, Arnout
has drawn attention to the similarities between the
pathogenic mechanism for heparin-induced thrombo-
cytopenia and a potential mechanism for aPL-induced
thrombosis.66 Heparin-induced thrombocytopenia
involves antibody binding of a protein (mainly
platelet factor 4) that is bound to heparin, which then
interacts with the cellular Fc-gamma receptor to
induce activation of a prothrombotic process. There is
emerging evidence that aPL binding to phospholipid
complexes on various cells, including platelets and
vascular endothelium, also results in their activation
through the Fc-gamma receptor.19 Campbell has
demonstrated the induction of a dose-dependent
increase in the activation and aggregation of human
platelets using aPL from patients with APS.67 This
effect appears to be mediated through binding to
phosphatidylserine68 or �2GP-1.14,69 The feasibility of
�2GP-1 binding to endothelial cells is more controver-
sial since they infrequently express large amounts of
negatively-charged structures at the cell surface.
Recent evidence suggests that �2GP-1 may be
involved in lipid metabolism and serve as an
endothelial growth factor. Meroni and colleagues
have demonstrated that �2GP-1 probably binds to
endothelial cells through heparin-sulphate (HS) pro-
teoglycan, which plays a role in the function of vascu-
lar endothelial growth factors.19

Both passive and active immunization of normal
laboratory mice with either aPL or �2GP-1 results in

the induction of an experimental APS, including
thrombocytopenia, placental infarction and fetal loss,
myocardial infarction and neurological dysfunction.70

Brey and colleagues were able to accelerate neurologi-
cal dysfunction in an autoimmune mouse strain by
immunization with �2GP-1.71 Immunization with
�2GP-1 in both normal and autoimmune mouse
strains leads to the development of antibodies to both
�2GP-1 and phospholipids.70

Many investigators favor a “two hit” hypothesis to
explain how aPLs might lead to thrombosis; (1)
continually circulating aPLs and phospholipid-
binding proteins require (2) a local trigger (i.e. infec-
tion, injury, EC activation) to induce site-specific
thrombosis or amplify the thrombotic process.72 This
hypothesis proposes aPL induction of a prothrom-
botic state in which thrombosis is triggered by an
otherwise insufficient local trigger.56 Thrombosis
would require a second triggering factor, so explain-
ing why patients with persistent serum autoantibod-
ies display clotting events only occasionally, and in
the absence of detectable immunoglobulin deposits.19

The origins of atherosclerosis comprise a multifaceted
histopathological process. It has been proposed that
the oxidative modification of LDL in vivo may be a
central contributor to atherogenesis. Therefore, aPLs
may play a role in atherosclerosis because of a cross-
reactivity with oxidized aPLs.73,74

Although there is some evidence that aPLs may
actually lead to accelerated atherosclerosis,73–75 the
majority of evidence favors a prothrombotic mechan-
ism that amplifies thrombosis in certain settings.
Pierangeli and Harris demonstrated larger clot size
with a longer time to dissolution in mice treated with
human aPLs compared to control IgG using a pinch
clamp injury model.76 Taken together, these studies
provide important evidence that antibodies to phos-
pholipids and phospholipid-binding proteins like
�2GP-1 can cause thrombosis and other antibody-
mediated clinical manifestations.

Genetics
The development of most autoimmune diseases,
including the aPL response, is highly likely to be
influenced by multiple genes. Deficiencies in two
complement protein genes, C2 and C4, located within
the MHC genetic region,77 have been associated with
aPLs, primarily in African Americans.78 Cytokine
genes are located within this region as well, such as
tumor necrosis factor (TNF). TNF is a potent pro-
inflammatory cytokine that is important in coagula-
tion and also in the aPL response. Thus it is possible
that aPL/APS may be associated with one or more
polymorphic genes in strong linkage disequilibrium
with specific HLA class II alleles. Other non-MHC
disease susceptibility gene abnormalities may be
important factors that influence whether thrombosis
is seen in association with aPLs such as prothrombin,
factor V Leiden, tissue factor pathway inhibitor,
fibrinogen, thrombomodulin, and platelet collagen
receptor genes.79,80

Many clinical observations suggest that aPLs (with
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or without associated thrombosis) can be familial.
Both siblings and consecutive generations of the same
family have been shown to express aPL immuno-
reactivity.81–83 While the precise basis for the familial
clusterings of aPLs are unclear, a common genetic
background is considered to be a likely causal connec-
tion.83 Some family studies have evaluated the associ-
ation between aPLs and HLA alleles, particularly DR4
and DR7.81,82,84 However, in one project where seven
families were studied using strictly applied criteria
for APS, evidence for a dominant inheritance was
seen but there was no association with HLA, fas, or
other candidate genes.83 It is possible that genetic het-
erogeneity is present, and some of these candidate
genes may be important in a subset of families.

Most but not all population-based studies also
demonstrate that HLA genes have a role in conferring
susceptibility to developing APS in patients with or
without SLE. The vast majority of these studies have
been performed in patients with SLE, with fewer per-
formed in patients without SLE.

Similar associations of aPLs/APS with HLA alleles
are seen in patients with APS but without SLE as in
family studies described above.84 From these studies it
appears that HLA-DR4 may be more important in
Anglo Saxon populations, whereas HLA-DR5 and 
-DR7 may be more important in populations of Latin
origin. All of these studies evaluated relatively small
numbers of patients, often with different clinical man-
ifestations of APS. These same HLA class II alleles are
also associated with aCLs, LA or both in populations
with SLE, and with similar ethnic differences. A large
study specifically addressing ethnic differences in the
association of HLA class II alleles with a type of aPL,
anti-�2GP-1, contained some patients with and
without SLE.85 In this study, the HLA-DR4 allele was
increased in anti-�2GP-1 positive SLE patients as
compared to anti-�2GP-1 negative SLE patients and
normal controls, especially in Mexican Americans and,
to a lesser extent, whites. When SLE and non-SLE
patients were combined, the HLA-DR6 was increased
in African Americans. HLA-DR7 was not increased in
any ethnic group, and HLA-DR53 was increased in
Mexican Americans only. Thus, genetic variability
due to ethnic differences needs to be carefully con-
sidered in future studies of the association between
HLA class II alleles and APS, including ethnic stratifi-
cation of subjects.

Clinical features
Thrombotic episodes in patients with APS are primar-
ily venous, but if arterial thrombosis occurs, the brain
is affected most often.10 The average age of onset of
aPL-associated cerebral ischemia is several decades
younger than the typical cerebral ischemia popu-
lation.5 Regardless of age, patients with cerebral
ischemia often have other risk factors for cerebrovas-
cular disease.4,5,27,86

The data regarding the risk of an initial thrombotic
event associated with aPLs have been well studied;
however, the risk of recurrent stroke associated with

aPLs is less clear. Recurrent stroke and thromboem-
bolic events in patients with aPLs have been reported
to occur both early (within the first year of an index
episode of cerebral ischemic)5,87 and late (5–10
years).59,88 The initial type of the thromboembolic
event (i.e. arterial, venous, miscarriage) appears to be
the most likely type of event to recur in a given
patient in some3 but not all studies.59,89 Shah and col-
leagues studied APS in patients with and without SLE
over a 10-year period and found recurrent throm-
boembolic events to be common in both groups.88 In
their series of 52 patients with aPLs, 9/31 (29%)
patients with APS developed recurrent thrombotic
episodes and 11/21 (52%) patients with aPLs but
without clinical manifestations developed them over
the follow-up period. Krnic-Barrie and colleagues59

retrospectively evaluated 61 patients with APS in
patients with and without SLE for an average of 6.4
years to identify risk factors for the development
of recurrent thrombosis. There was no difference
between patients with APS with or without SLE
regarding recurrent arterial or venous events (arterial:
55% versus 38%; venous: 47% versus 50%). In patients
with primary and secondary APS, recurrent arterial
events were associated with Caucasian race and
venous events with the puerperium or oral contracep-
tive use. High titers of aCL have been associated with
recurrent events in patients without SLE5,87,90 and with
SLE.49,91 In a study of 141 patients with APS related to
SLE, the presence of both aCLs and LA were associ-
ated with thrombotic events.6 In this study 84% of
patients with an abnormal aCL IgG level and LA had
a thrombotic event as compared to 16% with an
abnormal aCL IgG only, 9.1% with LA only, and 3.8%
with neither. All patients with high levels of aCL and
LA and none of the patients without LA had an arter-
ial thrombosis. The correlation between a high level of
aCL and LA has been previously reported; however,
Verro and colleagues did not find a similar relation-
ship between very high titer and risk for recurrent
thrombotic events.92 Cerebrovascular and other
thrombotic events have been reported in patients with
isolated IgM aCL; however, in our experience, it is
very unusual to have an isolated aCL IgM level
without an aCL IgG level being present also. In addi-
tion, the diagnostic criteria for APS (described below)
accept an isolated aCL IgM level if moderately posit-
ive (40–60 MPL units) if it remains positive over a 2-
month period and the appropriate clinical features are
also present.93

The Warfarin Aspirin Recurrent Stroke Study/
Antiphospholipid Antibody in Stroke (WARSS/
APASS) Collaboration is the largest study to date that
is evaluating the risk for recurrent stroke in patients
with standardized clinical data collection and treat-
ment protocols in nearly 2000 patients. Preliminary
analysis of these data suggest that there is no dif-
ference in recurrent thrombotic events between aPL-
positive and aPL-negative stroke patients in this
study (unpublished data), but final results examining
the importance of titer, isotype and aCL versus LA
positivity are pending.
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Classification
APS is classified as secondary if it occurs in an indi-
vidual with SLE or another collagen disease, and
primary in the absence of SLE. However, as described
above, primary and secondary APS are indistinguish-
able59,88 with regard to the types of thromboses experi-
enced and the risk of recurrent thrombotic events.

Diagnosis
The diagnosis of APS can be made if the patient has
one or more arterial or venous thrombotic events, or
two or more otherwise unexplained episodes of fetal
loss or thrombocytopenia in the presence of antiphos-
pholipid antibodies that persist over a period of at
least 2 months (see Table 56.2).93 The presence of
antiphospholipid antibodies can be detected using
one of the following two methodologies. First, aPLs
can be detected with solid-phase testing using cardi-
olipin or other negatively-charged phospholipids as

the detecting antigen. The presence of �2GP-1 alone is
not considered sufficient evidence for diagnosis of
APS because of the lack of data in the literature con-
firming the association of anti-�2GP-1 with thrombo-
sis and recurrent fetal loss. The second method of aPL
detection is the prolongation of phospholipid-
dependent coagulation tests, also called the LA. The
criteria for the diagnosis of an LA is as follows:
demonstration of an abnormality in an in vitro phos-
pholipid-dependent coagulation test; proof that the
abnormality does not correct with the addition of an
equal volume of normal plasma; and proof that the
abnormality does correct with the addition of phos-
pholipid.93

Clinical variants

Sneddon’s syndrome and other aPL-associated
dementia Recurrent stroke in patients with livedo
reticularis (Sneddon’s syndrome) has been associated

Table 56.2 Research criteria for antiphospholipid antibody syndrome diagnosis

Diagnosis
One or more clinical criteria and one or more laboratory criteria described below are required for the diagnosis of the

antiphospholipid antibody syndrome.

Clinical criteria
One or more episodes of vascular thrombosis or pregnancy morbidity as described below are required for the diagnosis of

antiphospholipid antibody syndrome. While other clinical features may be associated with aPL in some studies, there is
insufficient evidence to consider them to be diagnostic features at this time.

Vascular thrombosis
I One or more clinical episodes of arterial, venous or small vessel thrombosis in any tissue or organ are required for the 

diagnosis of Antiphospholipid Antibody Syndrome.
Thrombosis must be confirmed via imaging, Doppler studies or histopathology, with the exception of superficial venous

thrombosis.
Pregnancy morbidity
I One or more unexplained deaths of a morphologically normal fetus at or beyond the tenth week of gestation with normal 

fetal morphology documented by ultrasound or exam are required for the diagnosis of antiphospholipid antibody
syndrome.

or
I One or more premature births or a morphologically normal neonate at or before the 34th week of gestation because of 

pre-eclampsia, or severe placental insufficiency are required for the diagnosis of antiphospholipid antibody syndrome.
or

II Three or more unexplained consecutive spontaneous abortions before the tenth week of gestation with maternal 
anatomical or hormonal abnormalities and exclusion of maternal and paternal chromosomal causes are required for
the diagnosis of antiphospholipid antibody syndrome.

Laboratory criteria
The presence of either anticardiolipin antibodies (aCL) or Lupus anticoagulant as described below is required for the

diagnosis of antiphospholipid antibody syndrome.
I Anticardiolipin antibody (aCL) of IgG and/or IgM isotype in blood, present in medium or high titer, on two or more 

occasions, 8 weeks or more apart, and measured by a standardized ELISA for �2GP-1-dependent aCL.
II Lupus anticoagulant (LA) present in plasma on two or more occasions 6 weeks or more apart and detected according to 

the guidelines of the International Society of Thrombosis and Hemostasis, in the following steps:
i) Demonstration of a prolonged phospholipid-dependent coagulation screening test, e.g. APTT, KCT, dRV VT, dPT, 

Textarin time
ii) Failure to correct the prolonged screening test by mixing with normal platelet-poor plasma.
iii) Shortening or correction of the prolonged screening test by the addition of excess phospholipid.
iv) Exclusion of other coagulopathies as appropriate, e.g. factor VIII inhibitor, heparin.

(Adopted from the International Consensus Statement On Preliminary Classification Criteria for Definite Antiphospholipid Syndrome: Report
of an International Workshop93)
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with aPLs.94 The frequency of aPLs in patients with
Sneddon’s syndrome has ranged from zero to 85%.94–96

This syndrome is also frequently accompanied by
dementia, most likely on the basis of multiple infarc-
tions. Sneddon’s original patients all had focal neuro-
logical deficits, which he considered to be “limited and
benign,” leaving little residual disability.97 Subsequent
descriptions of the syndrome have revealed a spec-
trum of clinical neurological manifestations. Zelger
and colleagues described three stages of neurological
involvement: “prodromal” symptoms such as dizzi-
ness or headaches preceding focal neurological deficits
by years; recurrent focal neurological deficits due to
recurrent cerebral ischemia, also lasting years; and
progressive cognitive impairment leading to severe
dementia.95 Tourbah and colleagues correlated the
magnetic imaging (MRI) abnormalities found in 26
patients with Sneddon’s syndrome with disability,
presence of cardiovascular risk factors, cardiac valvu-
lar abnormalities on ECHO and titer of aPLs.96 Disabil-
ity (defined by memory disturbance or inability to
perform activities of daily living) was found in 50% of
the patients. Severe disability, which was consistent
with dementia, was present in over half of the patients
with disability. Systemic hypertension was present in
65%, cardiac valvular abnormalities in 61% and aPLs
in 42% of patients, with no correlation found between
any of these and MRI abnormalities. The presence of
disability was correlated with increasing severity of
MRI lesions.

An aPL-associated dementia without the other fea-
tures of Sneddon’s syndrome has also been described
Although there is experimental evidence of aPL
binding to neurons98,99). In many patients this appears
to be due to multiple cerebral infarctions.100 In addi-
tion, the catastrophic APS can present with an acute
organic brain syndrome characterized by fulminant
encephalopathy.101 Asherson reported that in a group
sample of 50 patients with catastrophic APS, over 50%
had CNS involvement.102

Progressive sensorineural hearing loss Toubi and
colleagues studied the association between aCLs and
sudden or progressive sensorineural hearing loss in
30 patients and matched normal controls. None of the
control group had aCLs, whereas 27% of the patient
group had aCLs in low–moderate titers.103 Of the
patients with aCLs, five of eight had sudden deafness.
In addition, two of five patients with sudden deafness
and aCLs relapsed as compared with none of six
patients without them. Naarendorp and Spiera
reported six patients with SLE or a lupus-like syn-
drome with sudden sensorineural hearing loss, all of
which had aCLs or LA.104 The authors suggest that
sudden sensorineural hearing loss may be a previ-
ously unrecognized manifestation of APS and that the
mechanism is likely to be vascular, and speculate that
the appropriate treatment for these patients may be
anticoagulant therapy.

Venous sinus thrombosis A review by Carhaupoma
and colleagues suggests that aPLs may be an import-

ant factor contributing to cerebral venous sinus (CVT)
thrombosis even in the presence of other potential
risk factors for thrombosis,105 including the syndrome
of activated protein C resistance due to factor V
leiden mutation.64 The onset of CVT in patients with
aPLs occurs at a younger age and has more extensive
superficial and deep cerebral venous system involve-
ment than CVT without aPLs. Headache, papil-
loedema, seizures, focal deficits, coma and death
contribute to the clinical classification of CVT, along
with pathological identification of hemorrhagic
infarction.106 Patients who present with CVT typically
exhibit headache (85%), long tract signs (35%), cogni-
tive disturbances (25%) and visual dysfunction (40%).
In addition, a higher rate of post-CVT migraine and
more infarctions on brain imaging studies are seen in
patients with aPLs than in those without them.105

Transient global amnesia Transient global amnesia
(TGA), a syndrome of sudden, unexplained memory
loss, has been associated with aPL immunoreactiv-
ity.107 The etiology of transient global amnesia in
patients without aPLs is controversial and is thought
to be related to ischemia or epileptiform activity in
bilateral hippocampal areas. As both cerebral
ischemia and epilepsy have been associated with
aPLs, either could play a role in aPL-associated TGA.

Ocular manifestations Many reports of stroke and
transient ischemic attack associated with aPLs include
some patients with ocular ischemia as well.108,109 The
ophthalmological ischemic manifestations commonly
associated with aPLs include anterior ischemic optic
neuropathy, branch and central retinal artery occlu-
sions, cilioretinal artery occlusions, combined artery
and vein occlusions and amaurosis fugax.109 These
manifestations are found in patients with both
primary and secondary APS.

Laboratory testing

As mentioned above, both phospholipid-dependent
coagulation tests and immunoreactivity to negatively-
charged phospholipids in solid-phase testing are used
to detect aPLs. Laboratory testing to detect LA must
be performed using platelet-poor plasma, or a high
false-negative rate may result. Sometimes patients
with an LA have a prolongation of the prothrombin
time (PT) as well. This can cause some difficulty in
accurately monitoring the PT when using warfarin
therapy in these patients. Use of the activated factor X
assay has been suggested as a more accurate monitor-
ing test in this instance.110

In addition to these tests for the diagnosis of APS,
other laboratory tests and the presence of certain clini-
cal features may also be helpful in suggesting the diag-
nosis in certain patients (see Table 56.3). Some patients
with APS who do not fulfill American College of
Rheumatology criteria for the diagnosis of SLE111 may
have a positive antinuclear antibody (ANA) or erythro-
cyte sedimentation rate test. Thrombocytopenia is a
clinical manifestation of APS, and therefore all patients
with APS should have a platelet count performed.
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When bleeding is seen in patients with APS it is
usually in the setting of severe thrombocytopenia: thus
it is important to know what the patient’s platelet
count is before initiating therapy to treat thrombotic
disease. The VDRL antigen contains cardiolipin, and
can be “falsely” positive in patients with aPLs.

Imaging

Brain magnetic resonance imaging studies in patients
with APS (primary or secondary) have revealed small
foci of high signal in subcortical white matter scat-
tered throughout the brain.112–114 This type of pattern
is seen in many other disease processes, and is, as
such, non-specific. The correlation between MRI
lesions in patients with aPLs and clinical nervous
system symptoms is reported to be high by some
investigators112–115 and not by others.116,117 Figure 56.1
illustrates multiple cerebral infarction on brain
imaging in a 23-year-old woman with aPLs and SLE.

Toubi and colleagues114 found aPL immunoreactiv-
ity in 53/96 (55%) SLE patients with CNS manifesta-
tions as compared to 20/100 (20%) of SLE patients
without them. In this study, 53 patients with CNS
manifestations underwent MRI imaging and 33

Table 56.3 Factors warranting evaluation of aPL
presence in stroke

• Patient �40 years of age
• Stroke is recurrent
• Thrombocytopenia, fetal loss or

venous thrombosis have been
documented

• Lupus or other connective disease is
present

Figure 56.1 23-year-old female with history of SLE,
antiphospholipid antibodies and stroke. Image obtained on
1.5 Tesla MRI Scanner (TR � 2000, TE � 30). Note two
lesions in the patient’s left parietal region and one small
lesion in the right parietal region.

showed high-density lesions that were interpreted as
“suggestive of vasculopathy.” MRI abnormalities
were seen more frequently in patients with aPL
immunoreactivity as compared to those without.
Some of these patients with MRI abnormalities had
seizures or psychiatric disturbances but not stroke.
This suggests that in some cases aPL-associated neu-
rological manifestations may be due to an aPL–brain
phospholipid interaction, whereas in others the
underlying pathogenic feature may be thrombotic.

Sailer and colleagues117 studied 35 SLE patients
with inactive SLE using brain MRI and PET imaging,
neuropsychological testing, a neurological examina-
tion and serum testing for aPLs and antineuronal
antibodies. Twenty patients had neurological deficits,
three had psychiatric symptoms and ten had cogni-
tive impairment. No differences in global glucose uti-
lization by PET imaging were seen between SLE
patients as compared to those without neurological or
cognitive abnormalities. On MRI imaging, the number
and size of the white matter lesions correlated with
the presence of neurological deficit, but were unre-
lated to the severity of cognitive impairment. Large
lesions (8 mm or greater) were associated with high
aCL IgG levels. Tietjen also found an association
between MRI lesions and aCL levels in young
patients with migraine-associated transient focal neu-
rologic events.115 In a study evaluating the association
between neuropsychological abnormalities and aPLs
in an elderly population, no association between aCLs
and MRI lesions was found, supporting Sailer’s find-
ings in the group with cognitive impairment only.116

Hachulla and colleagues performed brain MRI in
patients with primary and secondary APS.118 Both
cerebral atrophy and white matter lesions were more
common in both groups with respect to control sub-
jects. The number and volume of white matter lesions
were increased in patients with primary and sec-
ondary APS who also had neurological symptoms.
Only a weak correlation was found between the pres-
ence of a LA and cerebral atrophy.

In addition to MRI, Specker and colleagues119

report the use of transcranial Doppler technique for
the assessment of stroke risk in patients with aPL.
Transcranial Doppler has been used to identify
microembolic signals, which have been detected in
the intracranial circulation of patients with carotid
artery disease,120–122 artificial heart valves123 and coag-
ulopathy,120,122 but are infrequently associated with
small vessel disease.122 They are thought to arise from
vascular air bubbles, formed elements, and experi-
mentally induced emboli,124–126 and are detected based
on the site, degree, extent and surface of stenosis.127

Two of their patients with the highest event rates
were aPL-positive, and the rate of microembolic
signals correlated with the titer of IgG-aCL, arguing
for a pathophysiological association between aPLs
and microembolic signals. The use of transcranial
Doppler to detect microembolic signals in APS is an
inexpensive, non-invasive method. It may offer a new
approach in risk stratification and possibly therapy
monitoring in patients with aPLs.128
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Differential diagnosis

Occasionally patients with aPLs will present with a
clinical picture that is similar to multiple sclerosis
(MS). Patients with definite MS and no thrombotic
disease do not appear to have an increase in the fre-
quency of aPL.129 Sometimes it is difficult to distin-
guish MS from SLE or Sjogren’s syndrome, both
conditions that have an increased frequency of aPLs.
Many patients with one autoimmune disease will
have several others as well. Thus some, although
probably a minority of patients, have both APS and
MS.

Antiphospholipid antibodies are also common in
patients with HIV.130 Strokes and other thrombotic
events are common in HIV-infected patients as well.
It is not yet clear whether the magnitude of thrombo-
sis risk in an HIV-infected patient with aPLs is
increased.

Treatment
General treatment issues

Treatment of APS can be directed at thrombo-occlu-
sive events using antithrombotic medications, or at
modulating the immune response with immunother-
apy. In the case of thrombotic manifestations, both
approaches have been used (see Table 56.4).36,59,88,131–135

Because the mechanism by which aPLs lead to throm-
bosis is probably heterogeneous, it is likely that the
most appropriate therapeutic choice for a given
patient may depend on which of these the patient’s
thrombo-occlusive episode was due to. For platelet or
prostaglandin abnormalities, antiplatelet drugs may
be expected to be beneficial; whereas for thrombo-
modulin, Protein C, or Protein S abnormalities, anti-
coagulation might be needed. This may provide a
partial explanation for the discrepant findings in the
aPL treatment literature on thromboembolic manifes-
tations.

Therapies aimed at modulating the immune
response in preventing both thrombotic and non-
thrombotic neurological manifestations of APS also
have variable success.131,133,134 As with aPL-associated
thrombosis, a more precise definition of the nature of
the aPL-target tissue interaction would help guide
more rational therapeutic decision making.

Table 56.4 Treatment for thrombosis associated with
antiphospholipid antibodies

Anti-thrombotic therapy
Aspirin
Dipyridamole
Warfarin
Low molecular weight heparin

Immune system modulation
Intravenous immunoglobulin therapy
Plasmaphoresis
Corticosteroids
Cyclophosphamide
Azathiaprine

Treatment of aPL-associated cerebrovascular
ischemia
Primary prevention The strong association between
aPLs and incident ischemic stroke suggests that
primary prevention strategies should be sought;
however, it is unclear what, if any, treatment should be
offered when aPL is discovered in a patient with no
prior thrombotic episodes. Many patients with aPL-
associated stroke also have other cardiovascular
disease risk factors such as smoking and hyperlipi-
demia.86,87,92 It is possible that primary preventative
strategies may be more important in asymptomatic
patients who also have other cardiovascular disease
risk factors. Conventional risk factor reduction strat-
egies should not be neglected in this group, however.
Many patients with the various manifestations of APS
tend to have repeated episodes of the same manifesta-
tions.5 It is unclear, for example, whether young
women with recurrent fetal loss due to aPLs require
primary preventative therapy for stroke or other arter-
ial or venous thrombotic manifestations. The preva-
lence of aPL is highest in patients with SLE than in any
other population,136 and aPL increases the risk of
thrombosis from two- to nine-fold in patients with SLE.
This suggests that a primary prevention strategy may
be more important in this group than any other.91,136

Secondary prevention Prevention of recurrent disease
in a patient found to have aPLs at the time of a
thrombo-occlusive event is the source of great
concern and anxiety for both patients and physicians.
The same factors for determining the risk of a first
aPL-associated thrombo-occlusive event described
above are important in determining the risk for recur-
rence, e.g. antibody characteristics and the presence of
other cardiovascular disease risk factors. A variety of
treatment modalities have been suggested to prevent
recurrent events in patients with aPL-associated
thrombosis.36,59,88,131–135 These are based on case reports
and selected or retrospective series, and are therefore
all limited in their clinical applicability and generaliz-
ability. These studies provide guidance in an area
where no prospective data exist and are very import-
ant. However, there are limitations to utility of these
data that should not be over-stepped. Standardized
treatment recommendations for stroke associated
with aPLs cannot be made nor extrapolated at this
time.

In their long-term follow-up study of 61 patients
with aPL, Krnic-Barrie and colleagues found that
there was no difference in the number of recurrent
thrombotic events between patients who were taking
aspirin and those who were taking warfarin.59 Both of
these groups had fewer events than patient groups
who were on no therapy or who were taking cortico-
steroid therapy. Patients taking corticosteroid therapy
in general had SLE and were likely to have other
medical problems that could have predisposed them
to developing thrombosis. Nonetheless, these data
underscore the notion that corticosteroid therapy is
not effective in preventing thrombosis in patients
with aPLs.



580 IV Cerebrovascular Disease

One important problem that is difficult to over-
come is that “natural history” data regarding the risk
for recurrent thrombosis, either with no medication or
with standardized treatment, is unavailable for aPL-
associated stroke. Controlled epidemiological studies
are needed that assess the risk of recurrent thrombo-
occlusive events in an ischemic stroke population. In
addition, more basic work is needed to identify
unique characteristics of pathogenic aPLs. Assays
need to be developed that consistently allow us to dif-
ferentiate pathogenic from non-pathogenic aPLs, and
allow us to discriminate among the many pathogenic
mechanisms for thrombosis. This knowledge would
permit separation of aPL-positive stroke patients into
groups that need (1) no treatment; (2) antiplatelet
therapy; (3) warfarin; or (4) other immune-modulat-
ing therapy. The WARSS/APASS already mentioned
above will provide much needed information on 
aPL-associated ischemic stroke. Half of the
WARSS/APASS patients were randomized to war-
farin and half to aspirin. Although there is not suffi-
cient power to detect a definitive treatment difference
between the two groups, preliminary results from the
study suggest no treatment difference between war-
farin and aspirin and provide information on the
natural history of aPL-associated recurrent throm-
botic events, as both data collection and treatment are
controlled. Because both aCLs and LA are tested in all
participating patients, some information on the risk
differences associated with each will be available, as
well.
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