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Foreword to the Second Edition

The studies and discussions presented in the second edition of the Hughes
Syndrome text had their beginning with a 1983 British Medical Journal
publication entitled “Thrombosis, abortion, cerebral disease and the lupus
anticoagulant.” In the mid-20th-century, it was recognized that some
patients with systemic lupus erythematosus had biological false positive
serological tests for syphilis, often coincident with the presence of an anti-
coagulant in plasma and the some of these patients (particularly ones with
somewhat atypical of patterns of lupus) paradoxically manifested an
increased incidence of procoagulant complications. Nothing much was
made of these associations, however, until Graham Hughes, author of the
above citation, applied his talents of astute bedside observation, knowledge
of disease mechanisms, imagination, and a “bloodhound” instinct for fol-
lowing relevant clues. Graham and his colleagues early-on documented vas-
culopathy as basis for the diffuse (variable) pathology characteristic of the
syndrome; evidence that procoagulant features were mediated by anti-
phospholipid autoantibodies (aPL) followed. Over the past two decades,
investigators around the world have turned their attention to the study of
the Hughes syndrome. (Contributors to this text include 83 clinicians
and/or scientists from 13 countries in Europe, the Americas, Near East, and
Asia. They represent more than a dozen clinical subspecialties and several
basic science disciplines; professionals and students in these fields will need
access to this book, whether in institutional libraries or personal collections
– good news for the publisher.)

Truly rational treatment and/or prevention of the Hughes syndrome will
await more precise knowledge of its pathogenesis but the recognition in the
1980s that ischemic and necrotic lesions in affected organs are secondary to
thrombosis rather than to inflammation played a significant role in
improved management of the illness and avoidance of inappropriate
therapy. Beyond anticoagulation, there is enormous potential for discovery
of more specific (and potentially more effective) therapies based on better
definition of the complex humoral and/or cellular events activated by aPL.
For example, studies by Giradi and Salmon (described in Chapter 31)
demonstrated that blockade of the complement system prevented fetal loss
and thrombosis in an animal model of the Hughes syndrome, extrapolation
to clinical trials of complement blockade should be forthcoming.

I would like to address the issue of terminology for this illness, herein
designated the “Hughes syndrome.” I have already referred to the historical
role Graham Hughes played in  describing the syndrome, the recognition of



clinical-pathological associations, and the relationship to aPL (reviewed in
more detail by Munther Khamashta in Chapter 1). This alone, in my judg-
ment, justifies acceptance of the eponym “Hughes syndrome” rather than
“antiphospholipid syndrome.” There are other rationales for that recom-
mendation: (1) the precise molecular target of aPL remains a subject of
study (beta 2 glycoprotein-1 versus phospholipids), (2) in some patients the
illness and presence of aPL are disassociated over time, and (3) the long-
standing use of eponyms for other vasculopathies (e.g., Wegener, Churg-
Strauss, Kawasaki, Henoch-Schöenlein, Behçet, Takayasu) have utility in
recognizing individual clinical and pathological patterns of disease and
management objectives.

Finally, I would like to draw attention to a short chapter at the end of the
book, “The Future of Hughes Syndrome.” In this chapter, Michael D.
Lockshin summarizes recent progress in our understanding of the problem
and, more importantly, identifies areas of ignorance and special opportuni-
ties for study. It is an exciting time for seeking new insights regarding the
pathogenesis and management of the Hughes syndrome; this revised refer-
ence text will be an invaluable resource for anyone engaged in such
inquiries.

Charles L. Christian, MD
Department of Medicine

University of Florida
Jacksonville, Florida

USA
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Foreword to the First Edition

I am very happy to be asked by Dr. Munther Khamashta to write a
Foreword to this first comprehensive description of the many facets of the
antiphospholipid syndrome (APS). Although I have been an interested and
long-time participant in studies to elucidate the nature of some human dis-
eases associated with immunological abnormalities, I have not had a per-
sonal involvement with work on the APS. I have however watched with
great fascination the evolution of this field from initial observations of clin-
ical symptoms to studies defining the pathophysiological abnormalities.

The APS began with reports in 1983, 1984 and 1985 (see Khamashta:
Hughes Syndrome, A History) on a number of clinical symptoms which
appeared to have an underlying common pathogenic mechanism – vascular
thrombotic episodes. These included peripheral vascular thromboses, cere-
bral vascular infarctions, livedo reticularis, spontaneous abortions and
portal and pulmonary hypertension. A striking feature of this unfolding
story was that already in 1983, suspicion was cast on the likely association of
anti-cardiolipin/phospholipid antibodies with the clinical syndromes.
Continuing studies on the pathophysiology have helped to fine-tune the
immunological abnormalities. Most investigators believe that proteins com-
plexed to phospholipids such as �-2–glycoprotein-1 are the primary targets
of the autoantibodies but there appears to be continuing evidence that phos-
pholipids themselves are also target antigens. The argument here may hinge
on the fact that the immunogen itself might be a complex of phospholipid
and protein and the humoral immune response is directed at different com-
ponent parts of this complex, depending on the “immunogenicity” of differ-
ent components to a genetically susceptible host. In fact, many autoantigens
in lupus and other autoimmune diseases are complexes of nucleic acids and
proteins, a classical example being the Sm antigens comprising complexes of
small nuclear RNAs and small nuclear ribonucleoproteins.

In autoimmune diseases like lupus, we have advanced the notion that the
humoral antibody responses are antigen-driven and that the antigens are
self proteins rendered immunogenic due to a variety of reasons, including
overexpression, ectopic localization and structural alterations of various
kinds such as mutagenesis or complexing with foreign materials. An inter-
esting aspect of the APS story is the diverse nature of clinical symptoms
which involve totally different organ systems but rarely involve more than
one organ system at a time. This is in contrast to lupus which is also a
multi-system disease, but the individual patient often has multiple organ



system involvement. It is possible that the APS might fall into the following
mechanistic scenario:

Different inciting agents ➔ ➔ ➔ Thrombosis in different organ systems
➔ ➔ ➔ antigenic modification of procoagulant phospholipid-protein
➔ ➔ ➔ humoral antibody responses ➔ ➔ ➔ in-situ antigen-antibody
complex formation ➔ ➔ ➔ inflammation, further thrombosis, recruit-
ment of cellular immune infiltrates ➔ ➔ ➔ perpetuation of repeated cycles
of thrombosis, inflammation and immune responses.

The diversity of the APS could be explained on the uniqueness of the
initial inciting event leading to pro-coagulation occurring in specific organ
systems and thus would not have to invoke aberrant immune responses
manifesting the great variety of clinical syndromes. One of the challenges in
the future would be to explain or identify the different inciting agents for
the different syndromes encountered.

One of the issues which has been raised is that the anti-phospholipid
syndrome is a misnomer since the major target antigen appears to be the
protein or the lipoprotein complex. Many investigators are inclined
towards keeping the original moniker of the APS because of both historical
and common usage reasons. The history of clinical medicine and bio-
medical research is replete with examples where original designations have
been retained in spite of subsequent studies showing that the designation
was not totally correct. The important thing is that the essence of the origi-
nal observations in the APS was correct.

It is rare that an investigator and his colleagues have the opportunity to
open up a new field in clinical medicine and biomedical research. This has
happened with the anti-phospholipid syndrome. Graham Hughes and his
colleagues deserve enormous kudos for recognizing that a number of clini-
cal syndromes shared a common feature of vascular thrombosis and for
carrying this into consolidation of the clinical observations with laboratory
analysis. Much clinical and basic research by many investigators worldwide
have resulted from these beginnings. This volume stands as a tribute to
Hughes and his colleagues.

Eng M. Tan, MD
The Scripps Research Institute

La Jolla, California 92037
USA
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Prologue to the First Edition

Memory loss, migraine, strokes, accelerated atheroma, recurrent mis-
carriages – some of the features which make the antiphospholipid syn-
drome (APS) so important to patients and clinicians worldwide.

The finding that simple and reproducible assays can identify patients at
risk both for venous and arterial thrombosis has opened up new avenues
for treatment across many specialities.

From the early days in the late 1970’s and early 1980’s, I had felt strongly
that the syndrome would one day outstrip lupus in frequency. Indeed my
colleagues and I were often impatient at the seemingly slow acceptance of
the syndrome by the medical (and obstetric) community in the early years.
All that has changed. The number of papers and meetings relating to the syn-
drome has become a flood, and there is widespread realisation that this may,
in fact be one of the most common and important auto-immune diseases.

My grateful thanks to my colleagues, mentors and friends, especially Dr
Tan and Charles Christian, whose guidance I have always valued, and to
Nigel Harris and Aziz Gharavi, who not only worked with me in the early
days of the syndrome, but have become world leaders in APS research.

Most of all, my grateful thanks to Munther Khamashta, my colleague and
friend for a decade.

His reputation in this field is truly international. It is a testimony to his
personal qualities that he has been able to persuade the world leaders in
APS to contribute to this volume. 

Graham Hughes



Prologue to the Second Edition

“There are two ‘new’ diseases of the late twentieth century, AIDS and APS”
Miquel Vilardell, Dean of Medicine of the University of Barcelona

Munther Khamashta deserves plaudits for his contributions to this corner
of medicine. He has not only published numerous original papers on the
syndrome, notably in the field of recurrent pregnancy loss, but he has also
brought together colleagues with clinical and research expertise. The first
edition of his book was a triumph – an example of clinically-based research
which has had a major direct impact on medical practice.

In the 5 years since the first edition, there has been a dawning realisation
of the extent of the impact of the antiphospholipid syndrome in so many
branches of medical practice – in Alzheimer’s, in multiple sclerosis,
myocardial infarction, movement disorders, leg ulcers, infertility, renal and
cardiac transplantation, avascular necrosis, ischaemic fractures – and even
more so with the original pillars of the syndrome – stroke, TIA, DVT,
pulmonary hypertension, and recurrent pregnancy loss.  

Many of us working in this field have felt frustration at the seemingly
slow recognition of its importance. However, things are changing. The
number of research publications, reviews and conferences is increasing. In
our own clinic, the number of referrals of patients with Hughes Syndrome
now promises to overtake those with lupus.

In the original description of the clinical syndrome back in 1983, I
wrote…. “For those of us hardened into nihilism by years of study of
various autoantibodies in SLE there is a rare sense of excitement at the
implications of the associations now being reported”.

Twenty-two years later, this sense of clinical excitement has not waned.

Graham Hughes
Head, Lupus Unit
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1 Hughes Syndrome: History
M. A. Khamashta

In the 21 years since Graham Hughes’s detailed description of the antiphospholipid
syndrome (APS), the condition has come to be regarded as one of the most
common autoimmune diseases. The impact of the description has been enormous –
for example, the recognition that some individuals with connective tissue diseases
require anticoagulation rather than steroids or anti-inflammatory treatment has
brought about a fundamental change in medical practice. In obstetrics, APS is now
regarded as the most important prothrombotic cause of recurrent pregnancy loss –
with pregnancy success improving from below 20% to a current live birth rate of
over 80% [1].

In neurology, Hughes syndrome may be associated with up to 20% of strokes in
people under 40 – a striking figure not least in terms of medical economics, let alone
in potentially preventable suffering.

In vascular disease, Hughes syndrome may well provide insights into immuno-
logical factors in the pathogenesis of atheroma [2].

In short, the syndrome links immunology with thrombosis and vascular disease.
The mechanisms are complex and our current knowledge will be detailed in this
volume. Suffice to say that the antibodies probably bind not simply to phospho-
lipids – nor simply to phospholipid cofactor. In view of this increasing complexity,
colleagues at the Sixth APS meeting in Louvain put forward the eponym Hughes
syndrome in honor of the physician who fully described the condition – an eponym
with which most colleagues working in the field, and those contributing to this
volume, are content.

Graham Hughes’s description of the condition was not, as is sometimes the case,
based on a single case report or a small series. It was a truly comprehensive and life-
time work, starting in the world of lupus. The 1983 description of the syndrome was
the culmination of a decade of work in which careful clinical observations were
combined not only with scientific studies, but also with a sharing of information.
His ward rounds were and are famous for the cross-fertilization of ideas.

In 1983–1986, Dr Hughes and his team described the association of antiphospho-
lipid antibodies (aPL) with arterial as well as venous thrombosis; with neurological
disease, especially stroke; with pulmonary hypertension; with livedo; with occa-
sional thrombocytopenia; and with recurrent miscarriages. More significantly, he
recognized that this syndrome, which he initially named the anticardiolipin syn-
drome and later the primary antiphospholipid syndrome, was separable from lupus.
My colleague, the late Aziz Gharavi, remembered hearing Graham forecast, at the
1985 American College of Rheumatology meeting in New Orleans, that the
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“primary” APS would one day outstrip lupus in prevalence, and that in the world of
obstetrics, anticoagulation would replace steroids in the management of recurrent
fetal loss in this disease. Both forecasts are proving correct. In the early 1980s
Graham Hughes’s team, led initially by Drs Nigel Harris and Aziz Gharavi, and later
by myself, instituted collaborative workshops and, in 1984, the first international
APS meeting – a meeting which has become a regular fixture and which spawned
the classification criteria [3, 4]. The following extract is, with permission, taken
from Dr Hughes’s own account of the description of the APS [5]:

The description of the syndrome in 1983 came after a number of years of study of lupus, of
myelopathy (especially so-called Jamaican neuropathy) and of atypical forms of connec-
tive tissue disease. We had become interested in the association of a false-positive VDRL
with transverse myelopathy, and hypothesized, probably wrongly, that anticardiolipin
antibodies might cross-react with neuronal phospholipids including cephalin and sphin-
gomyelin [6]. With our large clinic population, it is relatively easy to spot subsets of
disease and it soon became apparent that the presence of anticardiolipin antibodies (also
the lupus anticoagulant) – hence antiphospholipid antibodies, were strongly associated
with thrombosis and miscarriage. From a clinical point of view, the association with
thrombosis related not merely to venous thrombosis, but – differentiating it from almost
all other prothrombotic conditions – arterial thrombosis, especially strokes.

In 1983, I was invited to present my findings to a British dermatology society meeting –
the “Prosser White oration” [7]. The following extract, taken from that paper, highlights, I
believe both the clinical features of the syndrome, and the recognition of a “Primary”
antiphospholipid syndrome:

Although many of these patients fall under the general heading of lupus, or lupus-like
disease, I believe that the group is sufficiently homogeneous, and in some ways (such as
the frequently negative ANA serology) sufficiently different from typical systemic lupus
erythematosus (SLE) to warrant separate consideration. The manifestations of this syn-
drome are thrombosis (often multiple) and, frequently, spontaneous abortions (often mul-
tiple), neurological disease, thrombocytopenia and livedo reticularis. The livedo reticularis
is often most florid on the knees. This may or may not be associated with mild to moderate
Raynaud’s phenomenon.

These patients’ blood pressure often fluctuates, apparently correlating with the severity
of the livedo, suggesting a possible renovascular aetiology. However, this group of patients
rarely has primary renal disease.

The cerebral features are prominent and of three varieties: headaches – often migrain-
ous and intractable; epilepsy (or abnormal EEGs) – often going back to early teenage.
Fortunately, severe or difficult-to-control epilepsy is infrequent. Some patients have
chorea. Cerebro-vascular accidents – sometimes transient and seemingly attributable to
migraine, are frequently progressive.… The patients may develop transient cerebral
ischaemic attacks or visual field defects, or, more significantly, progressive cerebral
ischaemia.

Two other features of the syndrome are a tendency to multiple spontaneous abortions
and peripheral thrombosis, often with multiple leg and arm vein thrombosis. We have also
seen Budd–Chiari syndrome and renal vein thrombosis in some of these patients. We
have, of course, tended to group these patients under the diagnostic umbrella of systemic
lupus, though an alternative label of “primary” Sjögren’s syndrome covers other patients,
and characteristic dry Schirmer’s tests and lymphocytic infiltration of the minor salivary
glands have been found in a number (though not all) of this group of patients. 

To my mind, however, the most striking, and often the most serious feature of the
disease is the tendency to thrombosis, particularly cerebral thrombosis. So prominent has
this feature been that we have some patients in their 40s and 50s who had been diagnosed
as primary cerebrovascular disease or – when the labile hypertension has been observed –
as hypertensive cerebrovascular disease. The finding that many of these patients may have
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high titres of circulating anti-cardiolipin antibodies leads us to believe that a new line of
investigation may be possible in such patients.

In the early 1980s my team then at Hammersmith, collected large numbers of patients
who had the syndrome, yet did not meet the classification criteria for lupus – we called
these patients “anticardiolipin syndrome” – and changed the name to the antiphospho-
lipid syndrome when it was clear that these patients’ sera were also cross-reactive with
other phospholipids such as phosphatidylserine [8–10].

So, in the few years between 1983 and 1987, our description of the syndrome included
recurrent fetal loss [11], livedo [7], renal thrombosis [12], strokes [13], liver thrombosis
including Budd–Chiari syndrome [14], myelopathy [15], chorea [16], bowel infarction
[17], thrombocytopenia [18], pulmonary hypertension [19] and dementia [20].

The clinical collaborators included Margaret Byron, Bernie Colaco, Genevieve Derue,
Mee-Ling Boey, later joined by Charles Mackworth-Young, Sozos Loizou, Bupendra Patel,
John Chan, Keith Elkon, Mark Walport and Ron Asherson. In the laboratory, two research
fellows, Aziz Gharavi, and later Nigel Harris, spearheaded the development of immunoas-
says culminating in the first (Lancet) paper on the assay for anticardiolipin antibodies [21]
which paved the way for the development of the enzyme-linked immunosorbent assay
(ELISA) [22] and the widespread testing and recognition of the syndrome.

In his 1983 Prosser–White lecture, Graham Hughes emphasized his view that many
of the patients did not have classic lupus, and deserved separate consideration as a
syndrome [7]. His group, in the early 1980s, published a number of reports which
associated aPL with the syndrome outside of systemic lupus. He reported aPL in
Behçet’s disease, idiopathic transverse myelopathy and Guillain–Barré syndrome
[23], idiopathic thrombocytopenia [18], migraine, epilepsy [24], heart valve disease
[25], and Addison’s disease [26]. Graham Hughes’s view was that this was most cer-
tainly a “distinct” syndrome which occurs in ANA-negative lupus erythematosus
(LE) patients, atypical lupus patients, and, as expected, individuals with no lupus at
all [7]. In 1987 his group was the first to introduce the term antiphospholipid syn-
drome and primary antiphospholipid syndrome [10] and 2 years later, in 1989, two
large series of patients were published, one by his group [27] and another by the
group in Mexico [28], which confirmed and detailed the earlier clinical descriptions. 

In 1990 the next major advance, when three groups [29–31] reported that aPL
required a plasma protein “cofactor” to bind cardiolipin on ELISA plates. �2-glyco-
protein I was identified as this cofactor. Since then, a number of “cofactors,” includ-
ing prothrombin, have been described [32]. The binding of antibodies to the antigen
site is clearly complex and dependent on molecule configuration. Studies using
monoclonal antibodies have, for example, suggested binding to a trimolecular site
including phospholipid, protein C and cofactor [33]. It is now felt that the cumber-
some term phospholipid-cofactor syndrome is probably wrong.

From Osler on, many observers of lupus have recognized thrombosis as a feature
in some patients. Similarly, many other features, including thrombocytopenia and
recurrent miscarriage, are well recognized as features of the disease. Historically,
the “oldest” immunological finding in SLE is the Wasserman reaction. In 1952,
Moore and Mohr recognized that their false positive (BFP-STS) syphilis tests could
occur in lupus [34]. In 1957, Laurell and Nilsson [35] found that the “lupus
inhibitor” was frequently associated with BFP-STS. Bowie et al [36] in clinical
studies of lupus, reported thrombotic lesions in patients with a circulating anticoag-
ulant. Beaumont et al in 1954 [37] were the first to report a patient with lupus anti-
coagulant and recurrent abortions. This was followed by similar observations by
Nilsson et al [38] 20 years later and by Soulier and Boffa [39] 5 years after that.
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This volume acknowledges the many who have worked so hard to bring recognition
to the syndrome. To Nigel Harris and Aziz Gharavi – involved from the early days – to
the dozens of research fellows who have trained in our laboratory, and whose names
are associated with so much of the APS literature; to the late Donato Alarcon-Segovia,
for his enthusiasm in endorsing the syndrome with his surveys of his own lupus
patients; to Takao Koike, for providing so much to the studies of �2-glycoprotein I; to
Marie Claire Boffa, for her collaboration and organizing ability in setting up col-
labortive workshops; and to Yehuda Shoenfeld for contributing so much momentum,
especially through his animal model studies, to our knowledge of the syndrome.

The ripples continue to spread. The world of transplantation is involved with
huge implications for renal, liver, and cardiac transplantation [40], orthopaedics is
embraced, not only in the predilection for avascular necrosis, but in the recent
striking finding of spontaneous metatarsal and other bone fractures [41]. Internal
arterial ischemia has embraced Hughes Syndrome as a possibly important cause of
reno-vascular hypertension [42] and celiac axis stenosis as a “new” link to gastro-
intestinal symptoms [43]. In the world of neurology the ramifications include multi-
ple sclerosis, memory loss, migraine, and even sleep disorders [44]. In dermatology,
the importance of livedo, described in Hughes’ original papers, is recognized, as is
the contribution to chronic leg ulcers.

This syndrome is common. Many physicians ask: “Where were all these patients
before?” They were always there – in lupus clinics, in migraine clinics, in anticoagu-
lant clinics with strokes, with multiple sclerosis, and with a gamut of vascular prob-
lems. It is also probable that many, many patients – notably those with memory
loss or subtle neurological deficit – remain undiagnosed.

The description of the APS by Graham Hughes has had an impact on patients in
all corners of medical practice.
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2 Antiphospholipid (Hughes) Syndrome: 
An Overview
David P. D’Cruz

Introduction

The cardinal features of the antiphospholipid syndrome (APS), first described
in1983 by Dr Graham Hughes and his team at the Hammersmith Hospital, included
recurrent arterial and venous thromboses, fetal losses, and thrombocytopenia.
Although a wide variety of clinical features have been added over the last 22 years,
these major features have stood the test of time. The aim of this chapter is to give a
clinical overview of the spectrum of these clinical features, the assessment of aPL,
and their impact on morbidity and mortality.

Demographics

APS is now recognized as a common disorder and is certainly not a “small print”
disease. Its importance lies in the fact that once diagnosed, this a treatable condi-
tion. The difficulty is that for many patients diagnosis is often delayed, sometimes
for years, with consequent disability, loss of livelihood, inability to start a family, or
even death. 

The prevalence of antiphospholipid antibodies (aPL) in otherwise healthy popula-
tions is less than 1% and up to 5% in older healthy populations. In autoimmune dis-
eases, especially systemic lupus erythematosus (SLE), however, the prevalence is
much higher. There have been several large studies of the prevalence of aPL in SLE
patients. Perhaps the largest is the Euro-Lupus study that found a prevalence of 24%
IgG anticardiolipin antibodies (aCL), 13% IgM aCL, and 15% lupus anticoagulant
(LA) in a cohort of 1000 patients with SLE [1]. The prevalence of aPL and definite
APS may increase with longer follow up, further pregnancies, and repeat testing for
aPL. Thus, Perez-Vazquez et al showed that the prevalence of APS increased from
10% to 23% after 15–18 years in a large cohort of SLE patients [2]. A further study of
1000 APS patients has detailed the clinical features of the disorder [3]. 

Definition and Classification of APS

An international consensus statement on classification criteria for definite APS 
was published after a workshop in 1998 (Table 2.1) and validated [4, 5]. These

9



classification criteria were developed for use in research studies rather than as
diagnostic criteria which have to date not been developed. Other well-recognized
features of APS, such as thrombocytopenia, hemolytic anemia, transient
ischaemic attacks, transverse myelitis, livedo reticularis, valvular heart disease,
demyelinating syndromes, chorea, and migraine, were not thought to have as
strong an association as the final criteria and were excluded as classification crite-
ria, possibly resulting in lower sensitivity but higher specificity [5]. In clinical
practice, however, the physician should still consider the diagnosis and com-
mence treatment according to clinical judgment after exclusion of other causes of
these clinical features.

There are numerous traps for the unwary and many other conditions can be
associated with aPL but are not necessarily associated with thrombosis. Thus, aPL
may occur in infections such as human immunodeficiency virus (HIV) and malig-
nancy and may also follow exposure to certain drugs. aPL in these circumstances
are not necessarily pathogenic and these conditions should therefore be considered
in any differential diagnosis of APS.

Indications for aPL Testing

There is a compelling case for aPL to be tested routinely in all patients who are
newly diagnosed with an autoimmune connective tissue disease, especially SLE or
Sjögren’s syndrome, because the prevalence of aPL in these disorders ranges
between 30% and 50% [6]. The finding of aPL at disease onset may have significant
consequences later in the disease course in terms of predicting morbidity and mor-
tality [7]. In other clinical contexts, patients who suffer thrombotic events at rela-
tively young ages should also be considered for testing. Thus, patients with strokes,

10 Hughes Syndrome

Table 2.1. Classification criteria for the antiphospholipid syndrome.

Clinical criteria
1. Vascular thrombosis:

One or more clinical episodes of arterial, venous, or small vessel thrombosis, in any tissue or organ. Thrombosis must be
confirmed by imaging or Doppler studies or histopathology, with the exception of superficial venous thrombosis. For
histopathologic confirmation, thrombosis should be present without significant evidence of inflammation in the vessel
wall.

2. Pregnancy morbidity
(a) One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th weeks of gestation, with

normal fetal morphology documented by ultrasound or by direct examination of the fetus, or
(b) One or more premature births of a morphologically normal neonate at or before the 34th week of gestation because

of severe pre-eclampsia or eclampsia, or severe placental insufficiency or
(c) Three more unexplained consecutive spontaneous abortions before the 10th week of gestation, with maternal

anatomic, or hormonal abnormalities and paternal and maternal chromosomal causes excluded.

Laboratory criteria
1. Anticardiolipin antibody of IgG and/ or IgM isotype in blood, present in medium or high titre, on two or more occasions,

at least 6 weeks apart, measured by a standard enzyme linked immunosorbent assay for �2-glycoprotein 1-dependent
anticardiolipin antibodies.

2. Lupus anticoagulant present in plasma on two or more occasions at least 6 weeks apart, detected according to the guide-
lines of the International Society on Thrombosis and Hemostasis.

Definite APS is considered to be present if at least one of the clinical and one of the laboratory criteria are met.



myocardial infarctions, and venous thromboses under the age of 50 may be at risk
of further thrombotic events if they are aPL positive. Similarly, women with preg-
nancy morbidity should also have aPL measured. There is a wide spectrum of aPL-
related pregnancy morbidity, including miscarriage, fetal death, intra-uterine
growth restriction, intra-uterine death/still birth, pregnancy-induced hypertension,
pre-eclampsia, and eclampsia. There is increasing evidence though that other
thrombophilic disorders may also be associated with obstetric problems [8].

The timing of measurement may be important. Some authors have suggested that
aPL may be consumed during a thrombotic episode, though this remains controver-
sial. Alternatively, due to endothelial activation and exposure of cryptic antigens,
aPL may appear after the thrombotic event as an “epiphenomenon” [9]. For these
reasons aPL should be measured between 6 weeks and 3 months post-thrombosis to
confirm results. Steroid therapy and the development of the nephrotic syndrome
may also be associated with a falsely negative result [10, 11].

A recent intriguing paper has suggested that aPL may appear many years prior to
the diagnosis of an autoimmune connective tissue disease such as lupus. Moreover,
aPL-positive patients appeared to be at risk of more severe lupus later in the disease
course [12]. This data is in keeping with their previous findings for anti-nuclear
antibodies appearing long before the onset of clinical features of SLE. These studies
suggest that immune dysregulation leading to autoantibody production may
precede the appearance of symptoms by many years. 

What Should Be Measured?

The recommendation is that both IgG and IgM aCL isotypes should be tested as well
as LA. The significance of IgA aCL antibodies remains controversial but may be
more relevant in SLE populations with African ancestry in contrast to Caucasians
[13, 14]. The relevance of IgA aCL is discussed in detail elsewhere in this book.
Although aPL testing has been standardized, there remain major inconsistencies
when standard sera are sent to various laboratories. Testing for LA is also inconsis-
tent but there seems to be a consensus that aCL are sensitive and LA testing is more
specific in the diagnosis of APS. Anti–�2-glycoprotein I antibodies correlate well
with clinical features of APS as well as with other aPL and will be discussed in detail
in this book. However, most routine laboratories do not offer anti–�2-glycoprotein I
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Table 2.2. Indications for the measurement of antiphospholipid antibodies.

Connective tissue disease especially SLE

Venous/arterial thrombosis before the age of 45 years
Thrombosis after trivial provocation
Association of arterial and venous thrombosis
Association of thrombosis and fetal loss
Recurrent events
Family history
Thrombosis in an unusual site: retinal vein, portal, cerebral venous sinus, renal vein
Recurrent superficial thromophlebitis
Recurrent miscarriage
Coumarin-induced skin necrosis



antibodies because in general there is no added value above conventional aPL
testing and the assay lacks standardization. 

Prevalence of aPL

General Population

The prevalence of aPL in the general population is low. Large studies have shown
prevalences of between 2% and 7%. For example, in 543 blood donors under 65
years of age, Fields et al found an aCL prevalence of 2% [15]. The Antiphospholipid
Antibodies in Stroke Study (APASS) Group also found a prevalence of aCL in 4.3%
of 257 hospitalized non-stroke patients with a mean age 66 [16]. This was similar to
the prevalence of 7.1% for at least one positive aCL in 1014 in-patients studied by
Schved et al with a mean age of 66.7 years: the most frequent associations were with
carcinoma or alcohol abuse [17 ]. 

Elderly

Many autoantibodies become more prevalent with increasing age and aPL is no
exception. Fields found that 12% of 300 healthy individuals older than 65 years had
IgG or IgM aCL antibodies and that there was an association with positive antinu-
clear antibodies (ANA) but not rheumatoid factor [15]. The significance of these
autoantibodies remains unclear and could be related to the increasing prevalence of
associated conditions in the elderly, such as malignancy and drug treatment. 

Venous Thromboembolism

In patients with unselected venous thromboembolism, the prevalence of aCL varies
from 3% to 17% and LA from 3% to 14%. The highest prevalence of 17% was found
by Schulman et al, who tested 897 patients with venous thromboembolism as part of
a treatment trial with a follow up of 4 years, in whom aCL were tested 6 months
post–deep vein thrombosis (DVT). Interestingly, of 20 recurrent episodes, aCL was
negative in 14 at the time of the recurrent episode [18].

Arterial Thrombosis

In the situation of stroke, Nencini et al found 18% of young patients, mean age 38
years, were positive for aPL (LA and aCL), whereas the APASS study found 9.7% of
first stroke patients had a positive aCL. In myocardial infarction the prevalence of
aCL is between 5% and 15% [19, 20].

Fetal Loss

There is a wide range of prevalences of aPL in otherwise healthy women who have
had pregnancy morbidity, ranging from 7% to as high as 42%. The reasons for this
are discussed in more detail elsewhere in this book.
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Risk of Positive aPL Tests for Thrombosis and Recurrent
Events

There is now abundant evidence in the literature that aPL are particularly associ-
ated with a risk of thrombosis, especially recurrent events and pregnancy morbid-
ity. The risk appears to be higher for LA than aCL but when high titer aCL are
considered, the risks are also high. For example, Kearon assessed recurrence rates
in 162 patients with “idiopathic” DVT participating in a treatment trial where the
hazard ratio for recurrence was 2.3 for aCL and 6.8 for LA, although only the hazard
ratio for LA was significant in terms of the risk of recurrent thrombosis [21]. In a
meta-analysis, Wahl examined the risk of venous thromboembolism in aPL-positive
patients without autoimmune disease or previous thrombosis. The odds ratio was
11.1 for LA and 1.6 for aCL. However, that risk rose to 3.2 if higher titers of aCL
were examined [22]. There were 90 DVTs in the American Physicians Health Study
and aCL levels greater than the 95th percentile [greater than 33 glycophospholipid
(GPL) units] had a relative risk of venous thromboembolism of 5.3 [23].

In terms of arterial disease, the American Physicians Study did not find a
significant association of aCL with first stroke [23]. In a seminal paper, Nencini et al
found 18% of young strokes were positive for aPL tested after a first stroke compared
to 2% of controls. They also found that the recurrence rate for stroke was higher in
the aPL group compared to a group of stroke patients that were negative [19]. 

The APASS group compared first stroke to a control population of non-stroke
hospitalized patients. aCL were positive in 24 of 248 of the stroke patients compared
to 11 of 257 control patients. The odds ratio for stroke in patients who were aCL
positive was calculated at 2.33 [16]. The APASS group concluded that aCL were a
risk factor for first ischemic stroke and the extent of association was comparable to
that between stroke and hypertension [16]. Recent large studies have supported
this. A Framingham cohort and offspring study of 2712 women and 2262 men found
that positive aCL at baseline were an independent risk factor for future ischaemic
stroke and transient ischaemic attack in women but not men [24]. However, in a
surprising paper extending the APASS study, Levine et al appear to come to diamet-
rically opposite conclusions to their earlier findings and now conclude that aPL
neither predict recurrent cerebral events nor a differential response to aspirin or
warfarin and say that routine testing for aPL in ischemic stroke patients is not war-
ranted [25]. This study has, however, been heavily criticized on methodological
grounds and is discussed further in the chapter on neurological complications. 

Kittner reviewed a number of studies and concluded that the strength of associa-
tion between aCL and stroke in patients over 50 years was comparable to hyperten-
sion with an odds ratio of 2.2. In a young population less than 50 years the odds
ratio may rise to 8.3 [26]. Further information on arterial disease derives from the
Helsinki heart study. In this study healthy men with a low-density lipoprotein
(LDL) cholesterol greater than 5.2 mmol/L, with a mean age of 49 years, were
studied for cardiac end points. In the highest quartile of aCL patients, the odds ratio
for myocardial infarct was significant at 2.0. In multivariate analyses the risk was
independent of other risk factors and, interestingly, aCL levels were higher in
smokers [20].

In SLE, the evidence for an association between aPL and arterial and venous
events as well as pregnancy morbidity is strong. The largest study to date, the Euro-
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Lupus study of 1000 patients, showed a correlation between the presence of IgG aCL
and thrombosis as well as fetal loss and LA correlated with thrombosis [27]. Wahl
performed a meta-analysis of the risk of venous thromboembolism and examined
26 studies comprising 2249 patients. The odds ratio for LA and venous events was
6.32 and 2.17 for aCL. When recurrent venous events were examined these ratios
increased to 11.6 and 3.91, respectively [28].

Mortality, Morbidity, and Damage Associated with aPL

APS has a significant impact on survival. For example, in a retrospective study of 52
patients with aCL followed over 10 years, 29% of APS patients (31 patients) had
recurrent events and in the asymptomatic group (21 patients) half developed APS:
mortality was 10% [29]. In another study, Jouhikainen et al compared 37 LA–posi-
tive SLE patients with 37 age- and sex-matched SLE patients without LA. During a
median follow up of 22 years, 30% in the LA group died in contrast to 14% in the
control group [30]. Among patients with venous thromboembolism, the mortality
in Swedish patients was 15% at 4 years in those with aCL and 6% in those without
antibodies (P = 0.01)[18]. The largest prospective study of 1000 SLE patients showed
that after 10 years of follow up there were 68 deaths of whom 18 (26.5%) died from
thrombosis associated with aPL [7]. The most common thrombotic events were
cerebrovascular accidents (11.8%), coronary occlusions (7.4%), and pulmonary
emboli (5.9%).

There is increasing evidence that thrombosis contributes to the damage accrued
in patients with SLE, which in turn may contribute to morbidity as well as mortality.
Two recent studies have clearly demonstrated that APS with thrombotic manifesta-
tions independently contributes to irreversible organ damage as well as mortality in
lupus patients [31, 32]. Thus, Ruiz-Irastorza’s study of over 200 SLE patients
extending over 25 years demonstrated both higher damage scores and increased
mortality in APS patients, most of whom had suffered arterial thromboses [32].

Risk Factors for Thrombosis in APS: Two Hit Hypothesis

It is clear that not all aPL-positive patients will inevitably develop clinical features of
Hughes syndrome. The precise reasons for this remain unclear and suggest that
additional factors are required for a first thrombotic event or pregnancy-related
feature. However, previous events in the context of persistent moderate-to-high aCL
levels and/or LA are the most powerful predictors of future events. Thus, in a cohort
of 360 patients in the Italian aPL Registry followed prospectively for 3.9 years, with
either a positive LA or aCL, 34 patients developed a thrombotic event: an incidence
of 2.5%/patient-year, with a rate of 5.4%/patient-year in those with a previous
thrombosis and 0.95%/patient-year in asymptomatic subjects [33]. Clearly the mere
presence of aPL is not sufficient for an event. Patients with aCL greater than 40 units
and previous thrombosis were important risk factors for future events. Similarly,
the greater the different numbers of aPL detected in a given patient the greater the
risk of thrombosis [34]. The importance of previous thrombosis as a risk factor was
highlighted by the recurrence rate in our patients at St Thomas’ Hospital, where
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those with APS and previous thrombosis had a recurrence rate of 20%/patient-year
of follow-up [35]. In pregnancy, patients with a prior history of miscarriages or vas-
cular occlusions have a significantly higher rate of adverse pregnancy outcome [33]. 

There are numerous other risk factors that may contribute to the development of
a first thrombotic event in the presence of aPL. A recent study of 404 patients with
aPL showed that at the time of the initial thrombosis, 50% of patients had had coin-
cident risk factors for thrombosis: previous surgery and prolonged immobilization
were significantly associated with venous thrombosis, and hypercholesterolemia
and arterial hypertension with arterial thrombosis [36].

Virchow’s observations on the three factors relevant to clot formation still hold
good today: factors related to the blood (hypercoagulability), factors related to the
speed of flow, and factors related to the vessel wall itself. The complex mechanisms
by which aPL may affect platelets and endothelial cells to produce a procoagulant
state will be discussed in detail in other chapters. However, evidence is emerging of
abnormalities of the vessel wall that may be relevant to APS. Accelerated atheroscle-
rosis is undoubtedly a feature of SLE that contributes to mortality [37]. However,
studies in patients without lupus who are aPL positive have shown increased carotid
intima-media thickness associated with an increased risk of arterial thrombosis
[38]. Another study found a higher prevalence of an abnormal ankle–brachial index
in patients with primary APS compared to healthy controls, suggesting widespread
vascular abnormalities [39]. Further evidence of vessel wall abnormalities comes
from data showing a higher prevalence of renal artery stenosis in association with
aPL in patients with SLE. This suggests that vessels that have high velocity turbulent
flow may be at increased risk of vascular abnormality in the presence of aPL [40].
Our recent unpublished data suggests a similar phenomenon with coeliac artery
stenosis in aPL-positive patients. Even at the capillary level there may be abnormal-
ities. Nailfold videocapillaroscopy in patients with primary APS showed abnormal
morphology with smaller capillary diameters than controls, although these changes
could not be correlated to impairment of functional parameters [41]. The authors
suggested that the smaller capillary diameters resulted in lower local tissue perfu-
sion and hypoxia, although these parameters were not directly measured. If correct
though, these conditions would clearly favor a procoagulant state. 

Several studies have shown that risk factors can be additive. In venous thrombo-
sis in the young, Rosendaal found that the risk of thrombosis rose sharply with the
number of risk factors and that fewer factors were required for thrombosis in older
subjects [42]. Several groups have reported the additional presence of coagulation
abnormalities, such as factor V Leiden, in patients with APS. Factor V Leiden and
aCL can both cause the activated protein C resistance phenotype and, not surpris-
ingly, the combination has been associated with severe thrombosis [43, 44].
Methylenetetrahydrofolate reductase ∴C 677 → T substitution (increased homo-
cysteine) may also have an effect on age at first occlusive event [44]. Furthermore,
Peddi reported the development of catastrophic APS in a patient with SLE, aCL, and
antithrombin III deficiency [45].

Conditions Associated with Secondary APS

A wide spectrum of disorders has been associated with APS although primary
APS, where there is no underlying disease, is common and may even exceed the
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prevalence of secondary APS, especially if women who only have aPL-related preg-
nancy morbidity are included. It has been estimated that up to half of patients with
APS do not have an associated systemic disease [46]. Some conditions reported in
association with aPL are listed in Table 2.3. 

Thrombotic manifestations of APS are not usually seen in infection- or drug-
associated aCL, although occasional reports of thrombosis in infections such as
acquired immune deficiency syndrome (HIV/AIDS) and cytomegalovirus (CMV)
suggests that in patients with APS, especially where there may be atypical features,
an underlying infection should be considered [47, 48]. Procainamide has been
shown to produce �2-glycoprotein I–dependent antibodies that are potentially
pathogenic [49].

Differences Between Primary and Secondary APS

In general, there are no significant differences in the cardinal clinical features of
APS, such as arterial or venous thrombosis or pregnancy morbidity, whether the
syndrome is primary or secondary to an underlying connective tissue disorder [33,
50]. Shah et al found IgM aCL more commonly in SLE than primary antiphospho-
lipid syndrome (PAPS) but no difference in thrombotic rates [29]. Although Vianna
et al found that PAPS and APS secondary to SLE had similar clinical features, heart
valve disease, autoimmune hemolytic anemia, lymphopenia, neutropenia, and low
C4 levels were more common in patients with SLE [50]. 

The distinction between PAPS and APS due to SLE can sometimes be difficult.
Thrombocytopenia, anemia, renal, and central nervous system (CNS) disease may
be seen in both conditions. Anti-dsDNA or antibodies to extractable nuclear anti-
gens are not found in PAPS and their presence usually suggests SLE as a secondary
cause. Piette has been a strong advocate of exclusion criteria for PAPS and these are
listed in Table 2.4 [51]. In terms of genetic differences between primary and sec-
ondary APS, a recent study has suggested that there are differences in
FcgammaRIIA-R/H131 polymorphisms in patients with APS secondary to SLE [52].

The number of cases reported in the literature of patients with PAPS evolving
into SLE is small [53,54]. Silver et al and Mujic et al have reported the evolution in
small numbers (7/71 and 3/80, respectively) but Asherson et al and Vianna et al did
not find any [55,56]. The short period of follow up may have been responsible for
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Table 2.3. Antiphospholipid antibodies in other conditions.

Autoimmune connective tissue disorders Drugs

Systemic vasculitis Chlorpromazine
Malignancy Quinine/quinidine
Crohn’s disease Hydralazine
Infection Procainamide
Syphilis/lyme Phenytoin
Human immunodeficiency virus Interferon-�
Hepatitis C
Cytomegalovirus
Mycoplasma



the latter result (5 and 2 years, respectively) as several patients have developed the
syndrome after 10 years. The presence of high titer ANA (>1:320), low complement
levels, and lymphopenia may be predictive [53–56].

Seronegative APS

It is well recognized that seronegative forms of other autoimmune disorders such as
rheumatoid arthritis and lupus exist and there is increasing recognition that
patients with classical features of Hughes syndrome may be persistently aPL nega-
tive [57]. Clearly these patients can be difficult to diagnose though there may be
several clinical clues. For example, APS is probably the only procoagualant state
that can give rise to both arterial and venous thromboses as well as pregnancy mor-
bidty, and in our experience the presence of livedo reticularis is a good marker for
APS. Sometimes, aPL may appear only after prolonged follow up but in the majority
of these patients there may be serological markers that are yet to be described. 

Catastrophic APS

The catastrophic APS has emerged as a dramatic if rare presentation of APS with a
high mortality despite expert management. The etiology of this variant of APS
remains obscure although there are often factors such as recent surgery or sepsis
that herald its onset. The syndrome will be described in detail in Chapter 16,
although it is worth noting that immunosuppression, especially with cyclophos-
phamide, is relatively contraindicated and plasma exchange may be beneficial [58].

Clinical Features

Hughes syndrome, like SLE, is truly multisystem in nature and any organ or system
in the body may be affected. The spectrum of clinical features associated with aPL
continues to expand and will be covered extensively in the following chapters (Table
2.5). The cardinal features remain arterial and venous thrombosis, pregnancy
morbidity, and thrombocytopenia. Since the last edition of this book, a number of
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Table 2.4. Exclusion criteria to distinguish SLE–associated antiphospholipid syndrome from PAPS.

Malar or discoid rash

Oral, pharyngeal, or nasal ulceration
Frank arthritis
Pleurisy/pericarditis
Persistent proteinuria > 0.5 g/day, due to biopsy-proven immune-complex–related glomerulonephritis
Lymphopenia < 1000 cells/L
Antibodies to dsDNA (crithidia or radioimmunoassay), or ENA
ANA >1:320
Treatment with drugs known to produce aPL
Follow up < 5 years from the initial clinical manifestation.



associations have been described, including renal artery stenosis and other renal
complications. An interesting development has been the emergence of orthopedic
manifestations such as rib and metatarsal fractures that follow previous descrip-
tions of avascular necrosis. A separate chapter has been devoted to this. 

Conclusion

In conclusion, the following observations can be made. aPL are present in approxi-
mately 2% to 4% of the normal population and the prevalence increases with age.
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Table 2.5. Clinical associations.

Central Nervous System Bone 

Chorea Avascular necrosis
Migraine Bone marrow necrosis
Psychosis Fractures
Epilepsy 
CVA/TIA Obbsstteettrriicc
Hypoperfusion on SPECT scanning Recurrent miscarriage
Sensorineural hearing loss Pre-eclampsia
Transverse myelopathy Growth retardation
Cognitive impairment HELLP syndrome
Pseudotumor cerebri
Cerebral vein/artery thrombosis Renal
Retinal venous thrombosis Glomerular thrombosis
Multiple sclerosis like syndrome Renal artery stenosis
Renal artery thrombosis Renal insufficiency

Renal vein thrombosis
Gastrointestinal
Hepatic necrosis Puullmmoonnaarryy
Acalculous cholecystitis Pulmonary embolism
Budd–Chiari Pulmonary hypertension
Intestinal ischemia ARDS
Coeliac artery stenosis

Ennddooccrriinnee
Vascular disease Adrenal failure
Atherosclerosis Hypopituitarism
Cardiac valvular disease
Acute myocardial infarction Hematological
Failed angioplasty Thrombocytopenia
Diastolic dysfunction Autoimmune hemolytic anemia
Intracardiac thrombosis Thrombotic microangiopathy
Cardiomyopathy 
Buerger ‘s disease

Skin
Livedo reticularis
Cutaneous ulcers
Dego’s Disease
Splinter hemorrhages
Superficial thrombophlebitis
Distal cutaneous ischemia

CVA, cerebrovascular accident; TIA, transient ischemic attack; SPECT, single positron emission computerized tomography;
HELLP, hemolytic anaemia, elevated liver function tests and low platelets; ARDS, adult respiratory distress syndrome.



There is a high prevalence among patients with autoimmune connective tissue dis-
orders, especially SLE. There is an association with both venous and arterial throm-
bosis as well as with pregnancy morbidity, but the strength of association varies
amongst studies. This probably reflects different populations, study designs, and
different assays and definitions used. In several studies the risk of thrombosis
appears to be higher with LA and the data suggests a true association rather than
epiphenomenon. In a given patient, both aCL and LA should be measured. A
significant impact on long-term survival has been noted and aPL also contribute
significantly to accumulated damage in diseases such as SLE. The clinical spectrum
of APS features is enormous and continues to expand. It behoves us all as clinicians
and health care professionals to consider an early diagnosis of Hughes syndrome,
with its distinct clinical and serological features, to reduce the risk of morbidity and
mortality in our patients.
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3 Epidemiology of Antiphospholipid Syndrome
Michelle Petri

This chapter will review classification criteria of the antiphospholipid syndrome
(APS), the prevalence of antiphospholipid antibodies [aPL; anticardiolipin (aCL);
lupus anticoagulant (LA)] in normals and in systemic lupus erythematosus (SLE),
the prevalence of aPL in venous thrombosis, arterial thrombosis, and pregnancy
loss, and longitudinal studies. 

Classification Criteria for APS

Classification criteria for APS (Table 3.1) were developed by consensus at the
Sapporo antiphospholipid meeting [1]. These criteria, for the first time, emphasized
that vasculopathy (and not just thrombosis) was part of APS and broadened the
pregnancy criterion to include severe pre-eclampsia. The Sapporo criteria were vali-
dated in an exercise by Lockshin et al [2]. The sensitivity was 0.71. 

The Sapporo criteria were not evidence based. As part of the Taormina anti-
phospholipid meeting, evidenced-based criteria were prepared. These criteria
required that the criterion be valid in both primary (non-SLE) and secondary (SLE)
APS and be proven by more than one study (and more than one study design). The
evidence-based criteria do not include pregnancy morbidity, but do include cardiac
valve disease (valvular thickening and/or vegetations; Table 3.2) [3].
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Table 3.1. Sapporo classification criteria for antiphospholipid syndrome.

Clinical Laboratory*

Vascular thrombosis IgG anticardiolipin – moderate or high
IgM anticardiolipin – moderate or high

Pregnancy morbidity Lupus anticoagulant
3 or more concurrent spontaneous abortions
1 or more unexplained deaths of a normal fetus at or 

beyond 10th week of gestation
1 or more premature births before 34 weeks because of 

severe preeclampsia or placental insufficiency

*Present at least twice 6 weeks apart.



Prevalence of aPL Antibodies in Normals

The prevalence of aCL in most large studies of normals has been 1% to 5%. The
prevalence of the LA has been in the range of 0% to 4% (Table 3.3). 

Prevalence of aPL in SLE

Representative recent studies of the prevalence of aCL, LA, and anti–�2-glycopro-
tein I (anti-�2 GPI) in SLE are compiled in Table 3.4. In general, aCL is more fre-
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Table 3.2. Taormina evidence-based classification criteria for antiphospholipid syndrome.

Clinical Laboratory

Vascular thrombosis IgG anticardiolipin – moderate or high
IgM anticardiolipin – moderate or high

Pregnancy Lupus anticoagulant
3 or more early fetal losses
1 intrauterine fetal demise

Cardiac
Valve thickening and/or vegetations

Table 3.3. Prevalence of antiphospholipid antibodies in normals.

Study, year Number of Controls Type of controls aCL-IgG aCL-IgM LA Anti-�2 GPI

Harris et al, 1991 [4] 1449 Pregnant women 1.8 4.3
Infante-Rivard et al, 

1991 [5] 993 Pregnant women 1.5 3.8
Perez et al, 1991 [6] 1200 Pregnant women 1.25
Rix et al, 1992 [7] 2856 Pregnant women 0.07
Pattison et al, 1993 [8] 933 Pregnant women 1 1.2
Phadke et al, 1993 [9] 504 Healthy, age-matched 4.2 5
Juby et al, 1998 [10] 250 Healthy, young 1.2
Bruce et al, 2000 [11] 129 Healthy 3%

Table 3.4. Prevalence of antiphospholipid antibodies in systemic lupus erythematosus.

Study, year Number of SLE Assay LA aCL Anti-�2 GPI

Padmakumar et al, 1990 [12] 55 KCT 13%
Mayumi et al, 1991 [13] 106 aPTT 16%
McHugh et al, 1991 [14] 58 KCT, RVVT, TTI 22% 29%
Wong et al, 1991 [15] 91 aPTT, RVVT, PNP, TTI 11% 44%
Cervera et al, 1993 [16] 1000 Multiple 15% 24%
Jones et al, 1991 [17] 200 17%
Kutteh et al, 1993 [18] 125 25%
Axtens et al, 1994 [19] 127 24%
Tsutsumi et al, 1996 [20] 308 12.3% 10.1%
Bruce et al, 2000 [11] 133 13.5% 15.8%
Tubach et al, 2000 [21] 102 23.5% 18.6%



quent than LA. However, any cross-sectional study in SLE may underestimate the
true frequency of aPL because disease activity and treatment lead to fluctuations
over time. In the Hopkins Lupus Cohort, a longitudinal study in which aPL are mea-
sured quarterly, at 5 years of follow up the prevalence of aCL was 26% and that of
the LA (by dRVVT) was 31%. 

Prevalence of aPL in Venous Thrombosis

Bick and colleagues [22] found, in 100 patients with venous thrombosis, that 24%
had aCL and 4% had LA. In a study of 122 consecutive venous thrombotic patients,
close to 15% had LA, aPL, or anti-�2 GPI phospholipid. The presence of the LA was
strongly associated with the severity of thrombosis [23]. In 227 consecutive patients
with acute deep venous thrombosis or pulmonary embolism, 31% had aPL. Anti-�2
GPI, present in 8.4%, was associated with a higher rate of recurrent thromboem-
bolism [24]. 

Prevalence of aPL in Arterial Thrombosis

The most informative studies have been the prevalence of aPL in stroke patients
less than 50 years (Table 3.5). These studies suggest that about 29% of young people
with a stroke have aCL. 

Prospective studies have found an association of aPL with myocardial infarction
in middle-aged men [31, 32]. No association of anti-�2 GPI and coronary
atherosclerosis was found in a cross-sectional study of 97 subjects [33]. A study of 60
peripheral vascular disease patients found the LA in 43% versus 0% of controls [34]. 

Recurrent Fetal Loss

Multiple cross-sectional studies have reported an association of aCL and/or LA with
recurrent fetal loss, in a general range of 10% to 19% (Table 3.6). Anti-�2 GPI was
not associated with recurrent fetal loss in one study [45]. 

In terms of pregnancy morbidity, the LA was not associated with pregnancy-
induced hypertension [46]. 
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Table 3.5. Antiphospholipid antibody prevalence in young stroke patients.

Study, year Number of patients Assays Frequency

Brey et al, 1990 [25] 46 LA, aCL 46%
Czlonkowska et al, 1992 [26] 49 aCL 32%
Nencini et al, 1992 [27] 44 23%
de Jong et al, 1993 [28] 44 LA, aCL 2%
Ferro et al, 1993 [29] 33 LA 18%
Tietjen et al, 1993 [30] 68 LA, aCL 43%



Thrombocytopenia

In a study of 52 newly diagnosed patients with idiopathic thrombocytopenic
purpura (ITP), 38% were aPL positive at diagnosis. Patients with aPL positivity were
significantly more likely to have a thrombosis in the next 5 years. After 38 median
months of follow up, 45% of the ITP patients with aPL had developed APS [47]. 

Longitudinal Studies

The Hopkins Lupus Cohort Study is a longitudinal study in which aPL (LA by
dRVVT and aCL by polyclonal ELISA) are measured quarterly. SLE patients with
the LA have a 50% chance of a venous thrombotic event within 10 years of diagnosis
[48]. In a second SLE cohort of 139 patients, IgM aCL was negatively associated with
survival. However, thromboembolic events were not a major cause of death in the
cohort [49]. In a third study, 37 SLE patients with LA and 37 matched SLE patients
without LA were followed for a median of 22 years. Deep venous thrombosis
occurred in 54% of those with LA. Events tended to occur in the first 8 years [50]. 

In patients already diagnosed with APS, several studies have shown a high risk of
recurrence. In a study of APS with either arterial or venous thrombotic events, the
risk of thrombosis recurrence was high if anti-coagulation was not maintained [51].
In patients with APS and venous thrombosis, the risk of recurrent venous thrombo-
sis was 50% within 2 years [52]. 

In patients with stroke, the odds ratio for recurrent stroke and for all events
(stroke, myocardial infarction, and death) is significantly higher in those with 
aCL [53]. 
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4 Hemocytopenias in Antiphospholipid
Syndrome
Carlomaurizio Montecucco and Roberto Caporali

Introduction

Although not included in the recently proposed preliminary criteria for the
classification of the human antiphospholipid (Hughes) syndrome (APS) [1], throm-
bocytopenia is one of the most common laboratory abnormalities found in patients
with APS [2, 3], and it is present in some animal models as well [4, 5]. Hemolytic
anemia can also be found in APS although less frequently than thrombocytopenia
[2, 3]. These hemocytopenias are mainly due to autoimmune mechanisms as sup-
ported by the presence of bone marrow megakaryocytes and platelet-associated
immunoglobulins for thrombocytopenia and by increased reticulocytes and positive
direct Coombs’ test for hemolytic anemia. However, antiphospholipid antibodies
(aPL) were also reported in association with thrombotic thrombocytopenia and
microangiopathic hemolytic anemia.

The present chapter deals with the clinical features of aPL-associated cytopenia,
either autoimmune or thrombotic/microangiopathic.

Autoimmune Thrombocytopenia

Prevalence in Primary and Secondary APS

A correlation between thrombocytopenia and aPL is well documented in spite of
differences related to the criteria of patient selection and the methods employed to
detect aPL. Thrombocytopenia was found in 26% of cases in a series of 319
patients with positive test for either lupus anticoagulant (LA) or anticardiolipin
antibodies (aCL) collected from the Italian Registry of aPL [6]. This series
included 112 patients with systemic lupus erythematosus (SLE) and 207 with
primary APS (PAPS) or without any clinical syndrome. A multicenter study by
Vianna et al [7] showed thrombocytopenia in 40% of patients with either PAPS or
APS secondary to SLE. Recently, in a large cohort of patients with APS (either
PAPS or APS secondary to SLE) from 13 European countries, thrombocytopenia
was found in about 30% of cases, and was one of the most common presenting
manifestation [2].
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In SLE, thrombocytopenia is significantly more frequent in patients with aPL
than in patients without [8, 9]; the patients with both LA and high aCL show the
highest frequency of thrombocytopenia [10]. Among patients with APS, thrombocy-
topenia is more frequently observed in patients with SLE than in patients with PAPS
[2]. In a recently published paper, McClain et al showed that the presence of aPL
may precede the diagnosis of SLE and that, in these patients, thrombocytopenia was
common and occurred earlier than in aPL-negative patients [11].

In pediatric APS the presence of thrombocytopenia was either confirmed [12, 13]
or denied [14]. Recently, thrombocytopenia was found in 17 out of 58 (29%) of
pediatric patients with APS (5 with PAPS and 12 with SLE or SLE-like disorders)
[15]. In this cohort, thrombocytopenia was the most frequent APS-related manifes-
tation observed. In SLE pediatric patients, thrombocytopenia has been reported
much more frequently in patients with clinical features of APS than in other SLE
patients, with or without the presence of aPL [16].

A close correlation with thrombocytopenia was reported for other markers of
APS such as antimithocondrial antibodies type-M5 [17] and antibodies reacting to
thromboplastin in a solid phase assay [18]. Anti-prothrombin antibodies seem to be
associated with thrombocytopenia in patients with PAPS but not in patients with
APS secondary to SLE [19].

On the contrary, the antibodies to oxidated low-density lipoproteins do not cor-
relate with thrombocytopenia [20]. A strong relationship between APS features,
including thrombocytopenia, and antibodies to �2-glycoprotein I (�2-GPI) has been
reported by different groups [21, 22]. Anti–�2-GPI seems to show higher specificity
but lower sensitivity for thrombocytopenia with respect to aCL or LA [23].

Many papers have addressed the relationship between aCL specific isotypes and
thrombocytopenia. Most of these studies showed a stronger correlation with IgG
[24, 25]; the usefulness of testing for IgA aCL and IgA anti–�2-GPI is still a matter
of debate [26, 27].

Clinical Features

aPL–related thrombocytopenia is a chronic, usually mild form and is seldom associ-
ated with hemorrhagic complications. Values lower than 50 × 109 platelets/L are
uncommon, although platelet count can fluctuate with time. Among the patients
enrolled in the Italian Registry of aPL [6], 32 (11%) had severe thrombocytopenia
and only two experienced bleeding. In a cohort of 305 patients with SLE, severe
thrombocytopenia was found in 20 patients and was strongly associated with the
presence of aCL [28].

It should be kept in mind that bleeding may be related to several causes other
than thrombocytopenia: (a) high-intensity oral anticoagulation for thromboembolic
disease; (b) hypoprothrombinemia, which has been reported in patients with LA
and hemorrhagic complications; (c) acquired defects of platelet function which may
be associated with aPL. Severe thrombocytopenia is likely to act as an additional
risk factor for bleeding complications in these patients and it might explain a higher
than expected incidence of life-threatening bleeding events in APS patients on high-
intensity warfarin therapy [29].

Arterial and/or deep venous thrombosis in APS may occur despite very low
platelet count; however, the frequency of aPL-associated thrombotic events may be
lower when platelet count is less than 50 × 109/L [6].
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aPL and Anti-platelet Antibodies

The pathogenic role for aPL in thrombocytopenia was first suggested by Harris et al
[30] and is still controversial. aPL may occasionally bind to unactivated platelets
[31]. However, because anionic phospholipids are concentrated in the inner leaflet
of cell membrane and exposed only after platelet activation [32], aPL binding is
more likely to occur following platelet activation induced by other mechanisms.
Accordingly, several groups have demonstrated that aPL can bind to pre-activated
platelets in a �2-GPI dependent way, inducing further platelet activation [33]; it
has also been shown that binding of dimer–�2-GPI to platelets results in a slight
activation of platelets, not enough to induce full aggregation, but enough to make
them more responsive to a second agonist [22]. Moreover, purified IgG from the
plasma of patients with aCL and LA were able to enhance platelet activation
induced by ADP [34]. Therefore aPL may have a role in thrombocytopenia but they
are not the only actor on the scene [29]. Indeed, many studies failed to detect any
antiphospholipid activity in eluates from platelets of patients with aPL-related
thrombocytopenia [35, 36].

Galli et al [35] found antibodies to the specific platelet membrane glycoproteins
(GP) IIb/IIIa and Ib/IX in 40% of aPL-positive patients, as well as a significant cor-
relation between these antibodies and thrombocytopenia. Anti-platelet GP antibod-
ies are pathogenetically linked to idiopathic thrombocytopenic purpura (ITP) and
the frequency found in aPL-associated thrombocytopenia (59%) was similar to that
in ITP [35]. In recent years several other studies reported increased levels of specific
antibodies directed to internal platelet antigens [37] or to specific membrane GP
[38] in aPL-related thrombocytopenia. Godeau et al [36] showed antibodies to a
large panel of platelet GP in the sera from 11 of 15 thrombocytopenic patients with
APS; the same authors described a strong association between thrombocytopenia in
SLE and specific anti-platelet autoantibodies, mainly directed against GPIIb/IIIa
without any association with aCL antibodies [39].

The role of antibodies to platelet membrane GP is supported by the following
data: (a) anti-GP are rarely found in SLE and APS with normal platelet count [37];
(b) anti-GP, but not aCL or LA, can usually be eluted from platelets of patients with
aPL-associated thrombocytopenia [36, 36]; (c) anti-GP in thrombocytopenic
patients do not cross-react with phospholipids or �2-GPI [35]; (d) treatment with
glucocorticoids increases platelet number and reduces anti-GP titer but not aPL
titer [40]; (e) the incidence of thrombocytopenia is significantly higher in patients
with APS secondary to SLE than in patients with PAPS [2].

aPL in ITP and Other Autoimmune Thrombocytopenias

Idiopathic thrombocytopenic purpura is usually associated with antiplatelet anti-
bodies reacting to specific membrane GP. Nevertheless, higher than normal titers of
aCL have been detected in 25% to 30% of ITP patients by different groups [25, 30].
Combining aCL assay and LA testing by kaolin clotting time and dilute Russel’s
viper venom time, Stasi and colleagues [41] were able to find either LA or aCL in
46% of ITP, and both LA and aCL in 16%.

The same anti-platelet GP antibody profile was seen in aPL-positive thrombocy-
topenia and classic ITP [35, 40]. Furthermore, aPL levels are neither influenced by
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therapy nor related to the disease activity [40]. In 149 patients with ITP [41], aPL
were not associated with age, sex, platelet count, platelet-associated immunoglobu-
lins, or severity of hemorrhages. Also, no significant difference between patients
with normal and elevated aPL was found as for clinical course and response to
therapy.

Recently, a prospective cohort study evaluated the prevalence and clinical
significance of aPL in 82 patients with ITP [42]: 31 patients (37.8%) were aPL posi-
tive at diagnosis. After a median follow-up of 38 months, 14 of these patients (45%)
developed clinical features of APS. The conclusions of this study support the fact
that a persistent presence of aPL in ITP patients is an important risk factor for the
development of APS. Similar results were reported in children with chronic ITP, in
which the presence of anti–�2-GPI seems able to detect those patients who are at
risk for future development of SLE [15].

Even if these data are not conclusive, we believe that a careful search for other
signs of APS, including direct Coombs’ test (see below), should be performed in ITP
patients with high-titer aCL and LA.

Heparin-induced thrombocytopenia and thrombosis (HIT) is related to specific
antibodies directed to the complex of platelet factor 4 (PF4) and heparin [43].
Although pathophysiological and clinical homologies between HIT and APS have
been suggested [44], the occurrence of HIT along with aPL was reported only occa-
sionally. Lasne et al [45] showed low-titer anti- PF4/heparin antibodies and/or
heparin dependent anti-platelet activity in sera from 2 of 20 patients with primary
APS, and borderline values in 4 more patients. Similar results were obtained more
recently by Martinuzzo and coworkers [46], who found these antibodies in some
APS patients never exposed to heparin. Moreover, it was shown that antibodies
from mice immunized with human anti–�2-GPI were able to recognize not only �2-
GPI but also PF4-heparin complex [47]. The clinical relevance of this association
should be further investigated.

Pseudothrombocytopenia is the phenomenon of spuriously low platelet counts
due to in vitro platelet clumping in the presence of platelets antibodies and EDTA
or other anticoagulants. EDTA-dependent anti-platelet antibodies are directed
against membrane GP and seem to recognize cryptic antigens on the GP IIb. A posi-
tive test for aCL was reported in 56 of 88 cases of pseudothrombocytopenia [48] but
the frequency of EDTA-dependent pseudothrombocytopenia in APS has not been
assessed.

Autoimmune Hemolytic Anemia (AIHA)

Many different studies have noted the frequent occurrence of positive direct
Coombs’ test in SLE patients with LA, aCL, and anti-M5 [18, 20, 49, 50]; aPL were
also associated with a positive Coombs’ test occasionally found in healthy blood
donors [51]. In PAPS, a positive Coombs’ test was reported in 10 of 70 patients
(14%) and AIHA in 3 (4%) [52].

Higher frequency was observed in APS secondary to SLE [7]. In two different
series, direct Coombs’ test was positive in 31% and 49.5% of aCL-positive SLE as
compared with 2% and 13% of aCL-negative SLE [7, 53]. The association with AIHA
is less evident probably due to its relative rareness and the mutifactorial origin of
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anemia in SLE; Kokori and coworkers studied 41 patients with AIHA in patients
with SLE and found a strong correlation with IgG aCL, thromboses, and thrombocy-
topenia [54].

A significant correlation between aPL and hemolytic anemia was reported by dif-
ferent groups in large series of patients with SLE and related disorders [2, 55, 56].
Hemolytic anemia was reported in 9.7% of a large cohort of APS patients [2]: no dif-
ferences was found between patients with PAPS or with APS secondary to SLE or
SLE-like disorders. A significant association between severe haemolytic anemia and
aCL was confirmed in a retrospective study including 305 SLE patients [28]. As for
the specific isotypes, IgM were mainly correlated with AIHA in some studies [18,
55], even though other studies found a correlation with IgG [7, 52, 54]. Genetic and
racial factors may partially account for these discrepancies.

A number of investigators found aCL in eluates from erythrocytes of patients
with aCL-associated AIHA [25, 53, 57]. A direct binding of aPL to red blood cell
membrane in these patients is supported by the following data: (a) aCL were not
found in eluates obtained from red blood cells in aCL-negative AIHA or aCL-
positive SLE without AIHA [53, 57]; (b) a correlation between serum aCL titers and
hemolytic activity has been found in one case [57]; (c) anti-red blood cell binding
activity present in eluates can be inhibited by absorption on phospholipid micelles
[58]; (d) aCL binding activity present in eluates can be inhibited by absorption on
fixed red blood cell membranes [51].

The antigen recognized on erythrocyte surface by aPL remains undefined.
Cardiolipin is not present on red blood cell membrane and other negatively charged
phospholipids are present only in the inner leaflet. In some patients with AIHA,
IgM aCL displayed extensive cross-reactivities with different negative and neutral
phospholipids, including phosphatidylcholine, that is exposed on bromelain-treated
red blood cell surface [59]. Red blood cell membrane phosphatidylcholine might be
a candidate target for aPL as it has been found in mice [60]. To date, however, the
mechanisms underlying aPL-associated AIHA are not fully understood and we
cannot exclude that other factors, such as immune complexes fixed on red blood
cells, may have a role. aCL were found to be enriched in circulating immune
complexes from patients with APS [61]. The presence of other anti-erythrocyte anti-
bodies cannot be ruled out.

aPL in Idiopathic AIHA and Evans’ Syndrome

IgM aCL reacting with a broad spectrum of negative and neutral phospholipids
were found in 4 of 14 patients with idiopathic AIHA by Guzman et al [62]. Six of
these patients also had IgG aCL, while only one of the 14 control patients with non-
autoimmune hemolytic anemia had IgG aCL, and none IgM aCL. Lang et al [63]
showed the presence of aPL in idiopathic AIHA as well as in AIHA associated with
SLE. These authors also demonstrated that both IgG and IgM aCL titers were
increased in warm-type AIHA and in cold-agglutinin disease as well. This finding is
in keeping with a previous report of IgG aCL showing cold-agglutinin activity [58]
and it may have clinical relevance when cardiopulmonary surgery requiring
hypothermia is needed [64]. Recently, Pullarkat confirmed a high frequency of aPL
in AIHA and found that aPL-positive patients showed a higher frequency of venous
thromboembolism [65].
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The eponymy Evans’ syndrome is used to define the clinical association of
autoimmune thrombocytopenic purpura with AIHA. Many of these patients have
SLE or will develop SLE or SLE-like disease. Evans’ syndrome was found in 5% of
patients with SLE, mainly in association with high aCL levels [66], and in 10% of
patients with PAPS [52]. Ten of 12 patients with SLE and Evans’ syndrome studied
by Delezé and colleagues [67] had positive tests for aPL. The two patients who did
not have evidence of aPL were studied at the onset of SLE with active hemolysis and
the authors raised the possibility of a transient seronegativity due to absorption of
aPL on cell membranes [67]. In a previously published paper, we had found a posi-
tive aCL assay in 6 of 7 patients suffering from Evans’ syndrome without overt SLE
[25]; the only aCL-negative patient had a positive immunofluorescent assay for anti-
M5 antibodies, that is, a marker of APS that do not cross-react with phospholipids
and cofactors [17]. It could be of interest for readers to know that four of these
patients developed overt APS in the following 10 years. Evans’ syndrome associated
with aPL has been described in pediatric age as well [68].

Thrombotic and Microangiopathic Hemocytopenia

Thrombotic thrombocytopenic purpura (TTP) is a rare hematologic syndrome due
to an occlusive microangiopathy. It is characterized by the presence of microangio-
pathic schistocytic hemolytic anemia, consumption thrombocytopenia with often
severe hemorragic complications, fluctuating central nervous system symptoms,
fever, and, less frequently, renal impairment. Similar features can be found in other
thrombotic microangiopathies such as hemolytic uremic syndrome (HUS), which is
usually found in children following intestinal infections and is characterized by
prominent renal involvement , and the HELLP syndrome (hemolysis, elevated liver
enzymes, and low platelet count) occurring in pregnacy. Thrombocytopenia and
microangiopathic hemolytic anemia are also present in disseminated intravascular
coagulation (DIC).

The differential diagnosis between thrombotic microangiopathy and APS is often
a clinical challenge (Table 4.1). The following points should be taken into account:
(a) a minor degree of thrombocytopenia in APS could be related to increased
platelet activation and consumption; (b) many clinical and laboratory features may
be shared by SLE and TTP [69]; (c) TTP may develop in patients with SLE and vice
versa [70]; (d) aPL may be present in some cases of TTP, HUS, and HELLP syn-
drome [70, 71]; (e) DIC can occur in the catastrophic APS [72]; (f) deficiency of von
Willebrand factor cleaving protease (ADAMTS13) seems to be a marker of TTP
[73], and simplified assays for ADAMTS13 activity are becoming available in the
clinical practice [74].

aPL in TTP and Related Disorders

aPL have not been commonly detected in primary TTP, however, some definite
cases of TTP were reported in patients with primary APS [75]. Thrombotic throm-
bocytopenic purpura may occur in SLE; traditional estimates range from 1% to 4%
[69, 76], though postmortem studies may suggest higher percentages [77]. On the
other hand, four cases of SLE were found among 175 TTP patients gathered by the
Italian Cooperative Group for TTP [69, 78].
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In their excellent review, Musio and colleagues [70] reported on 41 cases of TTP
in association with SLE. In 30 cases TTP followed SLE, in 6 TTP preceded SLE, and
in 5 TTP and SLE occurred simultaneously. A positive test for aCL was found in 8 of
17 patients tested and LA in 2 of 14. Several more cases reported in recent papers
were not associated with aCL and/or LA [79, 80]. Therefore, a positive aCL assay
was found in about 40% of SLE with TTP, and LA in about 15%, that is, a figure
similar to that expected for unselected SLE patients [49]. In a retrospective review of
renal biopsies of SLE patients, 4 cases of TTP were identified and all were negative
for aPL antibodies testing [81].

Two cases of chronic recurrent TTP were proven to be negative for aCL and posi-
tive for anti-phosphatidylinositol or phosphatidylserine antibodies [82]: whether
other aPL may be relevant in aCL-negative TTP remains to be ascertained.

A positive assay for IgG aCL was found in 8 of 17 children with classic HUS [83].
Because this condition is triggered by intestinal infections, only further studies
addressed to �2-GPI binding will clarify the nature of these antibodies.

HELLP syndrome does usually complicate severe pre-eclampsia, that is, a dis-
order characterized by endothelial damage different from that induced by aPL. It
seems likely that a further endothelial damage induced by aPL may switch on
thrombotic microangiopathy. As a matter of fact, several cases of postpartum HUS
and HELLP syndrome associated with aPL have been reported [71, 84]. A case of
catastrophic APS occurring in a patient who had had HELLP syndrome 31 years
before was also reported [85]. Most cases of HELLP syndrome are, however, aPL
negative.

Recently clinical and laboratory features of 46 patients reported in the literature
with thrombotic microangiopathic haemolytic anemia (TTP, HUS, HELLP) associ-
ated with aPL antibodies has been reported [81]. In 61% of these patients a diagno-
sis of PAPS was made and thrombotic microangiopathic anemia was the first
clinical manifestation of APS. Even if the pathogenic role of aPL remains to be fully
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Table 4.1. Comparison of the main clinical and laboratory features associated with thrombocytopenia and hemolytic anemia
in antiphospholipid syndrome and thrombotic microangiopathy.

APS CAPS TTP DIC

Renal involvement + – + + + – + –
CNS involvement + – + + + + + –
Multiorgan failure + – + + + + + –
Hemorrhages – – ± – + – + +
Anti-platelet antibodies + – + – – – – –
Direct Coombs’ test + – + – – – – –
Schistocytes – – ± – + + + –
Low plasma fibrinogen – – ± – – – + +
Prolonged partial prothrombin time + – * + – * – – + + †

Fibrin degradation products – – + – – – + +
Low serum complement + – + – – – ‡ – – §

Antinuclear antibodies + – + – – – ‡ – – §

Anticardiolipin antibodies + + + + – – ‡ – – §

APS = antiphospholipid syndrome; CAPS = catastrophic APS; TTP = thrombotic thrombocytopenic purpura; 
DIC = disseminated intravascular coagulation.
* Negative mixing test (lupus anticoagulant);
† Positive mixing test;
‡ TTP may be associated with SLE; 
§ DIC may be associated with CAPS.



elucidated, these data support the need for systematic screening for aPL in all
patients with clinical and laboratory features of microangiopathic hemolitic anemia.

aPL in DIC

Though DIC has been rarely found in both primary and secondary APS, a full-
blown picture of DIC was observed in 14 of the 50 reviewed cases of catastrophic
APS [72], as well as in one case of catastrophic APS in childhood [86]. Schistocytes
were reported in 8% of cases with catastrophic APS [72]. We have described a
patient with aPL and quiescent SLE who developed DIC with thrombocytopenia,
severe anemia with rare schistocytes, and a clinical picture of purpura fulminans
characterized by widespread cutaneous thromboses [87].

Other Hemocytopenias

Monoclonal antibodies to �2-GPI may bind neutrophils [88] and a few studies have
reported a clinical association between neutropenia and aCL in patients with SLE
[55]. Leukopenia was present in 38% of patients with APS secondary to SLE or SLE-
like disorders and only in 2% of patients with PAPS, suggesting that factors other
than aPL (i.e., lymphocytotoxic antibodies) could play a role in the pathogenesis of
this manifestation in SLE patients [2].

aPL have been reported in a number of patients suffering from hematologic
malignancies [49], and hemocytopenias related to the development of non-
Hodgkins lymphomas may be observed in APS [6].

Bone marrow necrosis is a rare syndrome leading to severe pancytopenia associ-
ated with poor outcome. It has been reported in patients with malignancies, severe
infections, sickle cell anemia, and, more recently, APS [84, 89].

Sickle cell anemia is associated with changes in membrane lipid phase which may
contribute to the generation of aPL. aPL were found in a significant though variable
percentage of patients with homozygous disease [90, 91]. aPL did not correlate with
the hematological and clinical features, even though APS has been reported in 1
case [92].

Patients with human immunodeficiency virus (HIV) infection may develop
thrombocytopenia and show increased level of aCL. However, the presence of 
aCL does not seem to correlate with thrombocytopenia in these patients [25, 93,
94].

aCL with the characteristics of infection-related aPL were found in 4% to 20% of
patients with chronic HCV infection [95, 96]. A trend of higher incidence of throm-
bocytopenia among aCL-positive patients with HCV infection was reported [97] but
not confirmed by recent studies [96, 98].
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5 Cardiac Manifestations in Antiphospholipid
Syndrome
Josep Font and Ricard Cervera

Introduction

Cardiac manifestations may be found in up to 40% of patients with the antiphos-
pholipid syndrome (APS), but significant morbidity appears in less than 10% of
these patients. Most of these manifestations are explicable on the basis of throm-
botic lesions either on the valves or in the coronary circulation, and they may mimic
other similar conditions, such as rheumatic fever or infectious endocarditis. The
APS coagulopathy in these patients requires the careful and judicious use of appro-
priate antiaggregant and anticoagulant therapy. For this reason, the estimation of
antiphospholipid antibodies (aPL) in cardiological practice assumes considerable
importance.

Valvular Disease

Heart valve lesions are the most common cardiac manifestations described in
patients with aPL. The introduction of two-dimensional and Doppler echocardiogra-
phy revealed a high prevalence of valvular abnormalities, such as thickening, stenosis,
regurgitation, and vegetations, in patients with systemic lupus erythematosus (SLE).
Additionally, it appears that, since the introduction of corticosteroid therapy, valvular
involvement has become more prevalent among patients with SLE due to their
increased longevity [1]. In several studies, these valvular lesions have been associated
with the presence of aPL [2–6]. Furthermore, valvular lesions have also been
described in patients with the primary APS (PAPS) [7–9]. Although most cases are
symptomless, an increasing number of papers report cases with severe valvular dys-
function resulting in cardiac failure, sometimes requiring valve replacement [2–9].

Echocardiographic Findings

Valve Dysfunction and Thickening

In 1997, Nesher et al [10] performed a meta-analysis of 13 studies on valvular
involvement in SLE, as documented by Doppler-echocardiography, and they found
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valvulopathy in 35% of SLE patients. The mitral valve was involved most com-
monly, and lesions included leaflet thickening, vegetations, regurgitation, and
stenosis. Most of these studies also looked at the possible relationship of valvulopa-
thy to the presence of aPL. Although several studies documented a statistically
significant association between aPL and valvulopathy [2–6], others found no
significant difference in aPL-positive and aPL-negative patients [11, 12]. The meta-
analysis of these studies showed that 48% of aPL-positive SLE patients had valvu-
lopathy, compared with only 21% of aPL-negative SLE patients. Additionally,
Nesher et al [10], in the analysis of studies involving patients with PAPS, found that
36% had valvulopathy.

Thickening of the valve leaflets is the most common lesion detected by echocar-
diography in both SLE and PAPS patients. Valve thickness increases by twofold to
threefold or more compared with normal valves [7–9]. The mitral valve is involved
most commonly, followed by the aortic valve. Most thickened valves develop hemo-
dynamic abnormalities, so that thickening as the sole abnormality is uncommon.
Analysis of data from multiple studies [10] show that mitral regurgitation is the
most common hemodynamic dysfunction, occurring in 22% and 26% of all patients
with PAPS and SLE, respectively. Aortic regurgitation is less common, occurring in
6% and 10%, respectively. Mitral and aortic stenosis are uncommon, and usually
accompany valvular regurgitation. Involvement of right-sided valves is also uncom-
mon, and probably reflects pulmonary hypertension secondary to mitral or aortic
regurgitation. In many cases, two or more valves are involved.

The valvular abnormalities associated with aPL may resemble those seen in cases
of rheumatic fever. However, several echocardiographic differences have been
observed. In APS-related cases, valve thickening is generally diffuse, and when
localized thickening is noted, it involves the leaflets’ midportion or base. Chordal
thickening, fusion, and calcification is rarely seen and, when present, is not promi-
nent. In contrast, valve thickening is typically confined to the leaflets’ tips in
rheumatic fever, and chordal thickening, fusion, and leaflet calcification is promi-
nent in these cases [10] (Table 5.1).

Vegetations

Early reports of the link between aPL and SLE vegetations – the so-called
“Libman–Sacks endocarditis” – date back to the mid-1980s when isolated reports of
the association started appearing in the literature [2, 3]. Several echocardiographic
studies with larger numbers of patients confirmed that SLE patients possessing aPL
have a significantly higher prevalence of vegetations, particularly on the mitral
valve, than those without [4–6,13]. Information on the histological appearance of
these lesions in patients with aPL derives from anecdotal reports of individual cases
and systematic studies are clearly lacking.

Pathogenesis

The pathogenesis of valvular abnormalities in APS is not entirely clear. It has been
postulated that in APS the aPL directly cause valvular or endothelial injury unre-
lated to clinical severity of the disease. Ziporen et al [1] have shown positive stain-
ing for human immunoglobulins and for complement compounds in the
subendothelial ribbon-like layer along the surface of the leaflets and cups. Amital et

42 Hughes Syndrome



al [14] reported similar findings with the deposition of anticardiolipin antibodies
(aCL) in the subendothelial layer of the valve. These findings clearly indicate that
the deposition of aPL on the valves resembles the deposition of immune complexes
in the dermo-epidermal junction or in the kidney basement membrane in patients
with SLE.

García-Torres et al [15] hypothesized that interaction of circulating aPL with
local factors in the valves may lead to endocardial damage, resulting in superficial
thrombosis and subendocardial mononuclear-cell infiltration, causing fibrosis and
calcification. Alternatively, the initial event could be intravalvular capillary
endothelial damage caused by aPL interacting with local antigens. This can lead to
intracapillary thrombosis, focal inflammation, and the development of fibrosis and
scarring. Both pathways may result in valvular deformities which can be hemodi-
namically significant. Thus, the initial event could be binding of aPL to valvular
endothelial cells, leading to local inflammatory reaction, resulting in valve deformi-
ties. This proposed mechanism may be supported by the hemodynamic and
echocardiographic improvement observed in several patients following treatment
with prednisone, which probably diminishes the valvular inflammatory reaction
[10].

As postulated by Hojnik et al [16], the above data suggest that aPL play a patho-
genetic role in the development of valvular lesions rather than being elicited by the
antigens expressed in the damaged valve tissue or merely being an epiphenome-
non. Thrombotic tendency may not be the only mechanism whereby aPL may
mediate valve damage. At present, there is no explanation for an apparently selec-
tive vulnerability of the endocardium to the action of aPL.

Clinical Manifestations

Most cases are clinically silent and detected by either chest auscultation, echocar-
diography, or at autopsy. Nevertheless, 4% to 6% of all SLE and PAPS patients
develop severe mitral or aortic regurgitation, and valve replacement surgery has
been performed in half of these patients [10] (Fig. 5.1).
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Table 5.1. Differential diagnosis between APS-related valve lesions, rheumatic fever and infective endocarditis.

Features APS-related Rheumatic fever Infective endocarditis

Fever +/– +/– +

Leucocytosis – – +

C-reactive protein – – +

Blood cultures/Serologies – – +

aPL + – –

Echocardiography Diffuse valve thickening Localized valve thickening Mobile mass localized on  
(if localized, it involves the involving the leaflets’ tips. the auricular surface of  
leaflets’ midportion or base) Chordal thickening, fusion the auriculoventricular
Chordal thickening, fusion and leaflet calcification are ventricular valves or aortic 
and leaflet calcification are common and prominent surface of aortic valve. 
rare and minimal Valve abscess and rupture 

are common.

+ present; – absent.



Patients with severe valvular regurgitation present with symptoms of congestive
heart failure such as fatigue, shortness of breath, and orthopnea. A murmur is
present in most cases. It is sometimes difficult to differentiate this from valvulitis
associated with rheumatic fever. However, antistreptococcal antibodies are not
present, and the echocardiographic presentation is different, as previously
described. Hemodynamic abnormalities and symptoms may progress over a period
of several weeks or months, remain stable, or improve.

Although infective endocarditis has been described in several patients with SLE, it
is a very uncommon complication of this disease. However, several SLE patients
have been reported presenting with the following combination of signs and serol-
ogy: (i) fever; (ii) cardiac murmurs with echocardiographic demonstration of valve
vegetations; (iii) splinter hemorrhages (Fig.5.2); (iv) serological evidence of SLE
activity (e.g., high titers of antibodies to dsDNA and low serum complement levels);
(v) moderate-to-high elevations of aPL; and (vi) repeatedly culture-negative blood
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Figure 5.1. Valvular thickening and thrombosis in a
prosthetic mitral valve of a patient with primary
APS.

Figure 5.2. Splinter hemorrhages in a patient with valve
vegetations and aPL.



samples [17]. All these manifestations are explicable on the basis of SLE activity and
complications associated with the APS. Interestingly, similar features were reported
by our group [18] in a patient with PAPS. Three simple laboratory tests may also
assist in making a differential diagnosis between true infective endocarditis and SLE
activity with “pseudoinfective endocarditis” in a patient with the above combina-
tion of signs: (a) the white cell count: if low, would point to SLE activity alone, if
high, to an infective etiology; (b) the C-reactive protein: SLE patients are usually
unable to mount a response of this protein to disease activity alone and elevation
would imply infection; and (c) the aCL level: if it is negative or low positive only,
this would be in keeping with infective endocarditis, rather than clot deposition on
valve alone without infection. Although it has recently been shown that patients
with simple infective endocarditis, for example, on rheumatic valves, or valves con-
genitally abnormal, may in fact demonstrate aCL, the levels are never high positive
[19]. A moderate or high positive level would also usually point towards SLE activity
rather than infection (Table 5.1).

A further problem in patients with aPL and valve lesions is the development of
embolic cerebrovascular complications such as transient ischemic attacks, strokes,
or multi-infarct dementia. Early reports [20–22] suggested a relationship between
the presence of aPL, valve disease, and ischemic cerebral events, indicating an
embolic source for these episodes. Although clinical studies of embolic stroke are
limited by the inability to diagnose cardiogenic stroke with certainty, the
Antiphospholipid Antibodies in Stroke Study (APASS) found that one third of
stroke patients who had elevated aCL levels had abnormal echocardiograms [23].

Our group has recently completed a long-term follow-up study of 61 SLE patients
with serial echocardiographic evaluations and we have confirmed that the presence
of high levels of IgG aCL is associated with the development of severe valvular
regurgitation and with a high incidence of valvular surgery and thromboembolic
events [24].

Treatment

Although most studies are retrospective and include a very small number of
patients, some information on treatment of heart valve lesions in the APS is already
available. Espinola-Zavaleta et al [25] performed 1-year tranesophageal echocardio-
graphic follow up on 13 patients with PAPS receiving anticoagulant or antiplatelet
therapy, most treated with aspirin (100 mg/day) and/or warfarin (international nor-
malized ratio > 3.0). Valve lesions persisted unchanged in 6 cases (46%) but new
lesions appeared in the remaining 7 (54%). The authors concluded that oral anti-
coagulant or antiaggregant therapy does not contribute to the disappearance of
vegetations.

Nesher et al [10] described 4 patients with subacute onset of congestive heart
failure secondary to severe mitral regurgitation, with leaflets thickened three- to
sixfold, who had not responded to treatment with diuretics, afterload reduction,
and anticoagulation, that subsequently received 40–60 mg/day prednisone and all
improved: the regurgitant jet area decreased from 7.5 + 0.8 to 1.6 + 1.2 cm2.
Although other contributory factors (pregnancy, hypertension) were also changing,
making the attribution of response to steroid therapy difficult to interpret, rapid
decreased in leaflet thickness (from 14.3 + 4 mm to 8.5 + 3 mm) suggests that corti-
costeroid therapy improved the function of the valve. By contrast, Hojnik et al [16]
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stated, without presenting primary data, that steroid therapy is ineffective in
treatment of valve disease. No systematic study on immunosuppressive or anti-
inflammatory treatment of valve disease exists. In patients with SLE and recurrent
systemic embolism, surgical excision of uninfected valvular vegetations may not
prevent recurrence [12].

Erkan et al [26] surveyed clinicians who participated in the 9th International
Congress on aPL, held in Tours, France, regarding treatment of asymptomatic
patients with valve disease. Thirteen of 17 experts preferred low-dose aspirin alone,
two chose no treatment, one warfarin, and one low-dose aspirin plus low-dose
corticosteroid.

The careful and open discussion of these previous studies by all participants in
the pre-symposium workshop on APS consensus, held in Taormina, Italy, on occa-
sion of the 10th International Congress on aPL (29 September 2002), allowed the
proposal of the following recommendations: “Since valve thickening and vegeta-
tions can serve as substrates for embolism, the Committee recommends
warfarin/heparin anticoagulation for patients with valvulopathy who have had any
evidence of thromboembolic disease. Prophylactic antiplatelet therapy may be
appropriate for asymptomatic patients. Committee members disagreed whether
corticosteroid therapy is helpful for acute valve inflammation but agree that distin-
guishing among reversible valve deformity, irreversible cicatricial valve deformity,
and vegetations is important, as treatment implication may differ” [27].

Coronary Artery Disease

Myocardial Infarction

The incidence of myocardial infarction among women with SLE in the 35- to 
44-year-old age cohort has been estimated to be 50-fold greater than that of age-
matched controls [28]. Myocardial infarction in SLE is usually due to accelerated
atherosclerosis – related to long-term steroid administration, hyperlipidemia, and
hypertension [29] – or vasculitis [30]. To these classical mechanisms might now be
added the presence of the aPL as a possible risk factor [31]. This fact was confirmed
by the analysis of the Hopkins Lupus Cohort performed by Petri [32]. Currently, 9%
of the cohort have had clinical evidence (myocardial infarction or angina) of coro-
nary artery disease. To traditional coronary artery disease risk factors (prednisone
therapy, hypertension, hyperlipidemia, and obesity), the list may now be extended
to include age, male sex, renal insufficiency, and two “new” risk factors: homo-
cysteine and aPL.

Many cases of myocardial infarction have been documented both in patients with
APS associated with SLE and in PAPS [33]. In the “Euro-Phospholipid cohort,” that
includes 1000 European patients with APS, myocardial infarction was the present-
ing manifestation in 2.8% of the patients and it appeared during the evolution of the
disease in 5.5% of the cohort [34].

In a prospective cohort of 4081 healthy middle-aged men, Vaarala et al [35] found
that the presence of a high aCL level was an independent risk factor for myocardial
infarction or cardiac death. The risk was estimated with logistic regression analysis
using a nested case-control design with 133 patients (individuals from the cohort
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who developed myocardial infarction or cardiac death during the study) and 133
control subjects. Subjects with the aCL level in the highest quartile of distribution
had a relative risk for myocardial infarction of 2.0 compared with the remainder of
the population. This risk was independent of confounding factors, such as age,
smoking, systolic blood-pressure, low-density lipoprotein (LDL), and high-density
lipoprotein (HDL).

A correlation between the levels of aCL and antibodies to oxidized LDL has been
described [36]. Antibodies to oxidized LDL have been considered as markers of ath-
erosclerosis. Although aCL were associated with antibodies to oxidized LDL, the
cumulative effect of these two antibodies for the risk of myocardial infarction was
additive [36], suggesting that these two antibodies have, at least, partly different
antibody specificities with different pathogenic pathways. The generation of anti-
bodies to oxidized LDL probably reflects the increased oxidation of LDL in athero-
sclerosis. In patients with SLE, aPL have been reported to correlate with the markers
of lipid peroxidation, suggesting that increased oxidative stress could be a trigger
for these antibodies [37]. It is possible that part of the effect of aPL could be medi-
ated via a cross-reacting specificity directed against oxidized LDL [38].

The prevalence of aPL in patients with myocardial infarction seems to be between
5% and 15% [38]. Elevated levels of these antibodies were initially described in
young patients with myocardial infarction [39]. This finding has been confirmed by
prospective studies showing that elevated levels of aCL in a non-SLE population
imply an increased risk for the development of myocardial infarction [40, 41].
However, an association of aCL with coronary artery disease has been shown in
several [39, 42–44] but not all studies [45, 46].

With regard to recurrent coronary events in postinfarction patients, Bili et al [47]
demonstrated that elevated IgG aCL and IgM aCL at any level are independent risk
factors for recurrent cardiac events. Furthermore, patients with both elevated IgG
aCL and IgM aCL at any level have the highest risk. This risk was comparable to
other known risk factors for recurrent coronary events: prior myocardial infarction,
non–insulin-dependent diabetes, ejection fraction < 30%, and smoking. In the same
study, no association was found between anti–�2-glycoprotein I antibodies and
recurrent cardiac events. Interestingly, Hamsten et al [39], in a series of 62 young
survivors of myocardial infarction (under the age of 45 years), found an increase in
recurrent thrombotic events in those with aPL. Specifically, in 8 out 13 patients with
elevated aPL levels, recurrent cardiovascular thombotic events occurred. However,
these results have not been verified by other authors [45, 46, 48]. For example,
Sletnes et al [45], in the largest study of aPL in patients surviving an acute infarct,
found that 13.2% of 597 patients were positive for aPL compared with 4.4% of a ref-
erence population. However, in a multivariate analysis, adjusted for major cardio-
vascular risk factors, aPL were not found to be an independent risk factor for
mortality, reinfarction, or non-hemorrhagic stroke. These aPL might arise because
of vascular injury and exposure of neoantigens and might, in fact, be different idio-
types from those pathogenic idiotypes demonstrable in patients with SLE or PAPS.
The question of whether aCL can be induced in response to tissue necrosis that
occurs in myocardial infarction is still unresolved [49].

Thus, general screening for aPL of all patients with myocardial infarction is not
indicated. It may still be concluded that aPL are a significant factor in acute myocar-
dial infarction in selected patients. Therefore, selective aPL estimations should be
undertaken in: (i) younger patients (under 45 years of age); (ii) those with a previous

Cardiac Manifestations in Antiphospholipid Syndrome 47



history of venous or arterial thrombosis or recurrent fetal losses; and (iii) those with
a family history of an autoimmune disease, especially if lupus related [50].

Unstable Angina

Although some patients with myocardial infarction and aPL presented with angina
before or after the acute infarction, isolated unstable angina has been reported
occasionally in patients with the APS [51]. In the “Euro-Phospholipid cohort” [34],
angina was reported in 2.7% of the 1000 patients studied. Conversely, Díaz and
Becker [52] found aCL in 8 out of 22 (36.4%) patients with unstable angina and
Hamsted et al [39] found a high incidence of aCL in young patients with myocardial
infarction. However, they were unable to identify an association between aCL posi-
tivity and either the severity of angiographic coronary disease or an adverse clinical
outcome. Thus, aCL does not appear to act independently of the usual coronary risk
factors or alter the morphological features of atherosclerotic coronary narrowing
as determinated angiographically.

Farsi et al [53] investigated the prevalence of anti–�2-glycoprotein I antibodies in
20 patients with unstable angina and 17 with effort angina. Positivity for anti–�2-
glycoprotein I antibodies was found in 45% of patients with unstable angina and
only in 12% of patients with effort angina. In addition, both IgG and IgM levels of
anti–�2-glycoprotein I antibodies were significantly higher in patients with unstable
angina compared to patients with effort angina. There was a lack of a significant
difference in the prevalence of these antibodies in patients with or without a previ-
ous myocardial infarction, suggesting that anti–�2-glycoprotein I antibodies were
not induced by tissue necrosis.

Coronary Bypass Graft and Angioplasty Occlusions

There is a substantial failure rate following aortocoronary venous bypass grafting.
Early graft occlusions (10%–20%) seems to be due to technical and hemodynamic
factors, including the calibre of the graft and anastomosis and unsatisfactory distal
run-off. Bick et al [54] disclosed that a very high percentage of young individuals
(those under 50 years) who suffered acute myocardial infarction or who experi-
enced restenosis after percutaneous transluminal coronary angioplasty (PTCA) or
coronary artery bypass have aCL. In another study [55], it was found that 33% of
coronary artery bypass patients suffering late graft occlusion (as determined by
coronary angiography 12 months postcoronary artery bypass graft surgery) had
preoperative aCL levels 2 standard deviations above control values, strongly sug-
gesting an association between graft occlusion and aPL. Interestingly, Morton et al
[56)] in a series of 83 patients who underwent coronary bypass graft surgery, found
that aCL levels were elevated in those patients with late bypass graft occlusions.

Eber et al [57], in a series of 65 men with coronary artery disease treated with
PTCA, have reported increased IgM aCL levels in patients with restenosis.
Additionally, Chambers et al [58], described a 56-year-old woman with APS and
early failure of percutaneous transluminal coronary angioplasty (PTCA) on three
occasions and the patient had to be subjected to coronary artery bypass surgery.
Ludia et al [59] investigated the role of aPL in restenosis after PTCA. In this study,
aPL were investigated in 60 patients with ischemic heart disease before PTCA, and
patients were followed up for restenosis. The aPL were found in 15/60 patients and
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restenosis was observed in 13/60 patients; specifically, in 7/45 (15%) aPL-negative
patients and in 6/15 (40%) aPL-positive patients. In addition, restenosis occurred
earlier in aPL-positive patients. Three additional APS patients with myocardial
infarction were successfully managed with PTCA [60], coronary stent implantation
[61], and PTCA and stenting [62], respectively. In these three cases, long-term anti-
coagulation was initiated immediately after the PTCA or stenting and appeared to
be effective.

Intracardiac Thrombus

The endocardial surface may also be an important site for thrombus formation in
patients with aPL. Primary intracardiac mural thrombi have been reported in these
patients [63, 64]. It is important to stress that their presence may lead to diagnostic
confusion; on occasion there may be difficulty in differentiation from a cardiac
tumor, for example, atrial myxoma, using noninvasive imaging techniques.

Cardiomyopathy

Acute Cardiomyopathy

Brown et al [65] described a 22-year-old female with SLE who succumbed within 
24 hours of admission with profound hypotension and peripheral circulatory col-
lapse and who at necropsy demonstrated the presence of microthrombi in multiple
organs, including the heart (cardiac “microvasculopathy”). An essentially similar
patient, a male with a PAPS, who had previously suffered a myocardial infarction,
transient ischemic attacks, stroke, aortic regurgitation, and who had extensive
livedo reticularis, was described by Murphy and Leach [66]. He died suddenly and
multiple platelet thrombi within the intramyocardial arteries were found at autopsy.
Kattwinkel et al [67] also reported a patient with a primary APS, myocardial infarc-
tion being caused by cardiac microvasculopathy. Angiography in these patients may
reveal normal coronary arteries as the disease involves the microcirculation.

Chronic Cardiomyopathy

Patients with aPL and chronic myocardial dysfunction, unexplained in the context
of valve abnormalities or other obvious causes, have been documented. Leung et al
[13] in a study of 75 consecutive SLE patients found that aPL were significantly
associated with left ventricular (global/isolated) dysfunction. Four of 5 patients with
isolated left ventricular dysfunction had positive aPL.

Conclusions

Whether the aPL are cause of these cardiac complications or simply accompany
more basic underlying immunological disturbances cannot be assessed from these
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studies. However, serial screening of aPL in patients who develop these complica-
tions will help to assess the prevalence and usefulness of these antibodies in cardiac
diseases. Until these studies become available, clinicians should consider a search
for aPL in those patients with the previously reported cardiac complications in
whom no other etiology could be found.
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6 Cerebral Ischemia in Antiphospholipid
Syndrome
Debendra Pattanaik and Robin L. Brey

Introduction

Central nervous system (CNS) involvement is common in antiphospholipid anti-
body syndrome (APS). In fact neurological manifestations were only second to
venous thrombosis in a recently published prospective cohort of 1000 patients with
APS [1]. In addition, some of the most debilitating clinical aspects of APS are the
neurological and neuropsychiatric manifestations. Clinical manifestations of APS
associated with the CNS include thrombo-occlusive events, psychiatric manifesta-
tions, and a variety of other non-thrombotic neurological syndromes [2] (see 
Table 6.1). Nevertheless, the specific role of antiphospholipid antibodies (aPL) in
the CNS remains one of the least understood aspects of this syndrome. The mecha-
nism of neurological involvement in patients with APS is thought to be primarily
thrombotic in origin. However, there are many neurological syndromes where no
structural lesions are evident in imaging studies of brain, suggesting aPL-mediated
mechanisms other than thrombosis may be playing a role. Several investigators
have found an interaction between aPL and nervous system tissue [3, 4]. aPL may
interfere with endothelial cell function and promote procoagulant activity of
endothelial cells [5–8]. IgG fractions from patients with aPL also increase mononu-
clear cell adhesion to human umbilical vein endothelial cells [9]. The pathogenic
role of aPL in the development of thrombosis is supported by animal studies [8,
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Table 6.1. Neurologic syndromes associated with antiphospholipid antibodies.

Cerebrovascular ischemia
Stroke
Transient ischemic attack
Cerebral venous sinus thrombosis

Ocular ischemia

Dementia
Acute ischemic encephalopathy 

With Sneddon’s syndrome
Without Sneddon’s syndrome

Atypical migrainous-like events 
Seizures

Chorea

Transverse myelopathy

Guillain–Barré syndrome

Diabetic peripheral neuropathy

Sensorineural hearing loss
Sudden onset
Progressive

Transient global amnesia

Psychiatric disorders

Orthostatic hypotension



10–14]. Blank and colleagues showed that bacterial peptides homologus with β2-gly-
coprotein I (β2-GPI) induce pathogenic anti–β2-GPI along with APS manifestations
in mice and proposed a mechanism of molecular mimicry in experimental APS [13].
These investigations in animal models are useful for a better understanding the
pathogenic mechanisms and to test new therapies for APS.

Cerebral Ischemia

Cerebral ischemia associated with aPL is the most common arterial thrombotic
manifestation [15–17]. Stroke and transient ischemic attacks (TIAs) are considered
the second most common clinical manifestations of primary antiphospholipid syn-
drome (PAPS) after venous thrombosis [1]. The average age of onset of aPL-associ-
ated cerebral ischemia is several decades younger than the typical cerebral ischemia
population [18]. Cerebral ischemic events can occur in any vascular territory (see
Fig. 6.1) [19], but in general the territory of the middle cerebral artery is more
affected. A link has been postulated between cervico-cranial artery dissection and
APS [20]. Though infrequent, cardiac emboli may be another cause of cerebral
ischemia in patients with aPL. Cerebral ischemic events are more frequent in
patients with valvular heart disease. The prevalence of valvular abnormalities, par-
ticularly left sided valve lesions, is higher in systemic lupus erythematosus (SLE)
patients with aPL than in those without aPL [21, 22]. A study by Khamastha and col-
leagues [22] showed that patients with SLE and aPL have an increased frequency of
mitral valve vegetations and mitral regurgitation than aPL-negative patients (16%
vs. 1.2% and 38% vs. 12%, respectively). These may represent a potential cardiac
source of stroke [21–23]. In a large consecutive autopsy series, a higher incidence of
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Figure 6.1. Brain magnetic resonance imaging
(MRI) study showing multiple strokes in a young
woman with antiphospholipid antibodies, strokes,
and seizures.



cardiac valvular abnormalities and “bland” (non-vasculitic) thromboembolic
lesions were found in patients with aPL (see Fig.6.2) [24]. Another possible source
can be the heart chambers themselves or the internal carotid artery.
Microthrombotic occlusive disease of multiple small vessels (“thrombotic microan-
giopathy”) has been reported in a large number of patients with catastrophic APS
[25] and in animal studies [14]. Clinical events consistent with multiple small vessel
occlusion occurred in these patients within a short time period of days to weeks.
Neurologic involvement is a poor prognostic factor in catastrophic APS [26].

aPL have been established as risk factors in a first ischemic stroke, but their role
in recurrent stroke is less clear. Many case control and prospective studies have
shown an association between different types of aPL and stroke [18, 27–38], but
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Figure 6.2. Hematoxalin and esosin–stained section of post-mortem brain tissue from a patient with aPL and the
Catastrophic Antiphospholipid Antibody Syndrome. Arrow indicates a small cerebral blood vessel with throm-
bus, but no inflammation.



some have not [39–46]. All but one showed an increased risk for incident ischemic
stroke in young people [45]. The presence and magnitude of the ischemic stroke
risk associated with aPL in older populations is more evenly split between finding
an increased risk and no increased risk. This suggests that aPL may be a more
important stroke mechanism in young people. In older populations, other stroke
risk factors may take on more importance. There are also methodological differ-
ences between studies, such as the type of aPL studied, sample size, and population
studied, that could explain discrepant results. In addition, most of them either
excluded cardio-embolic disease or did not distinguish between cardio-embolic,
artery-to-artery embolic, or thromobotic mechanisms. This is an important point,
because different treatment strategies may apply to these different pathophysiologi-
cal mechanisms.

It is interesting that many of the larger studies find an association between aPL
and incident stroke, whereas the association between aPL and recurrent stroke is
weaker. This is true for two studies that reported an increased risk related to aPL for
incident stroke, yet failed to find an increased risk for recurrent stroke in the same
population during follow up [30, 31, 42]. The explanation for this is not clear, but as
described above for the aPL-associated incident ischemic stroke in older popula-
tions, may be due to other stroke risk factors assuming more importance in risk for
recurrent stroke and over-shadowing (or even negating) the recurrent stroke risk
contributed by aPL in these patients, or may possibly represent a treatment effect.

Clinical and immunologic manifestations and patterns of disease expression of
APS in a cohort of 1000 patients from the Euro-Phospholipid Project Group have
been recently reported [1]. This project began in 1999, and employs a multi-center,
consecutive, prospective design. The final cohort meets the Saporro criteria for APS
[47]. There are 820 women and 180 men enrolled. PAPS was present in 53.1% of
patients, APS associated with SLE in 36.2%, APS associated with “lupus-like”
disease in 5.9%, and other diseases in 5.9%. At study entry, deep venous thrombosis
was the most common thrombotic manifestation, occurring in 317 (31.7%) patients
and stroke was the most common arterial thrombotic manifestation, occurring in
135 (13.1%) patients with myocardial infarction occurring in 28 (2.8%) patients.
Additional cerebrovascular ischemic events were seen as well: transient ischemic
attack in 70 (7.0%) and amaurosis fugax in 28 (2.8%) patients. While some clinical
differences existed between primary and secondary APS patients, none of these
included thrombotic manifestations. While follow-up information is not yet avail-
able for this extremely well-characterized cohort, invaluable information about
recurrent stroke and other clinical manifestations will be forthcoming, as 10 years
of follow up is planned.

In another European collaborative study, the European Working Party on SLE
[17], the morbidity and mortality in patients with SLE over a 10-year period was
studied in a cohort of 1000 patients. At the beginning of this study, there were 204
(20.4%) patients with anticardiolipid antibodies (aCL) IgG, 108 ( 10.8%) patients
with aCL IgM, and 94 (9.4%) patients with lupus anticoagulant (LA) [48]. While it is
not entirely clear how many of these patients had aPL positivity at follow up (and
would be diagnosed as secondary APS), thromboses were the most common cause
of death in the last 5 years of follow up and were always associated with APS. The
most common thrombotic events in these patients were strokes (11.8%), followed
by myocardial infarction (7.4%) and pulmonary embolism (5.9%). This suggests an
important role for aPL and recurrent thrombosis in patients with SLE, but does not
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address the issue of a possibly greater increased risk in patients with secondary
versus primary APS.

Another important study that evaluated the natural history and risk factors for
recurrent thrombosis in patients with aPL is the Italian Registry [49]. In that study,
360 patients were studied prospectively for 4 years. Inclusion criteria were that sub-
jects had aPL and were available for follow up. aPL assays were done clinically
because of a thrombotic event, disease known to be associated with APS, or a coagu-
lation abnormality suggesting the presence of a LA. Thirty-four patients had throm-
botic events over the 4-year period, including 10 strokes (1 fatal) and 6 TIAs.
Treatment was at the discretion of the attending physician. Risk factors for throm-
bosis in this cohort included: (1) aCL titer > 40 GPL and prior thrombotic event,
and (2) aCL titer > 40 GPL units and SLE.

The Antiphospholipid Antibody and Stroke Study Group (APASS)/ Warfarin
Aspirin Recurrent Stroke Study (WARSS) collaboration evaluated the recurrent
stroke risk attributed to aPL in a group of nearly 2000 patients with ischemic stroke
who were randomized to warfarin (international normalized ratio (INR) range,
1.2–2.8; mean INR, 2.2) versus aspirin (325 mg/day] in a double blind study [50].
Very few of these patients had a diagnosis of SLE. aCL, LA, or both at study entry
did not predict recurrent stroke in either treatment group. As will be discussed
further in the section below, this study included patients with low positive titers of
aCL IgG, IgM, and IgA antibodies and results published thus far utilize baseline aPL
values only. Thus, this study does not address the question of recurrent stroke risk
in patients with APS. Another study by the APASS investigators that evaluated the
risk for recurrent stroke in a multi-center, U.S. cohort of patients followed for 2
years also did not find an association between APS and recurrent stroke [32]. These
patients were treated at the discretion of the attending physician.

Few prospective studies have examined the association between aPL and an
initial stroke. These have been limited to aCL tested on only one occasion and
therefore, patients included would not meet current criteria for APS [39, 40, 46].
Brey and colleagues performed a prospective study of the association between aCL
and stroke and myocardial infarction (MI) over a 20-year period in men enrolled in
the Honolulu Heart Program [36]. Only presence of β2-GPI–dependent aCL of the
IgG class was significantly associated with both incident ischemic stroke and MI.
This association was attenuated in the last 5 years of follow up. The risk factor-
adjusted relative odds for men with a positive versus a negative β2-GPI–dependent
aCL of the IgG class were 2.2 [95% confidence interval (CI), 1.5–3.4) at 15 years and
1.5 (95% CI, 1.0–2.3) at 20 years. For MI, the adjusted relative odds were 1.8 (95%
CI, 1.2–2.6) at 15 years and 1.5 (95% CI, 1.1–2.1) at 20 years. This is the first report
of a prospective association between aCL and stroke. Two other studies failed to
show an association [39, 40]. Among the studies linking aCL to MI, two other
prospective studies suggested the possibility of a time-dependent association
between aCL and MI in men [51, 52]. In one study [51], the follow-up period was 5
years and, in the other study [51], a significant association was found only for the
first 10 years of follow up, despite the fact that the second 10 years of follow up had
more than double the number of events. Such weakening of the association with
time could be due to changes in risk factor status during follow up, including aCL. It
is unlikely that the observed associations between aCL and vascular disease are due
to chance or an artifact of study design. Prospective studies of MI and stroke pre-
clude the possibility that the antibodies were a consequence of the vascular event
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but, as noted above, do not exclude the possibility that the antibodies are a conse-
quence of pre-clinical disease or require the presence of other stroke risk factors in
order for thrombosis to occur.

Venous Sinus Thrombosis

Venous sinus thrombosis is an uncommon manifestation of APS. Deschiens and
colleagues [53] suggested that aPL may be an important factor contributing to cere-
bral venous sinus thrombosis (CVT) even in the presence of other potential risk
factors including the syndrome of activated protein C resistance due to Factor V
Leiden mutation. In a later study, Carhupoma and colleagues [54] reported that the
onset of CVT in patients with aPL occurs at a younger age and has more extensive
superficial and deep cerebral venous system involvement. In addition, a higher rate
of post–CVT migraine and more infarctions on brain imaging studies may possibly
be seen in patients with aPL [54].

Dementia and Other Cognitive Dysfunction

Cognitive deficits associated with primary or secondary APS can vary from mild
neurocognitive disorders to more severe vascular dementia [55]. Despite the
increased interest within the last few years, research in this area is limited and few
formal neuropsychological studies have been conducted thus far to assess the
prevalence and nature of cognitive deficits in APS. Although many studies evaluat-
ing neurocognitive deficits in patients with aPL have been anecdotal [56, 57], several
cross-sectional and prospective studies have been recently published [58–63]. There
is no specific pattern of cognitive dysfunction that has been consistently identified;
however, there are many similarities in the deficits found in aPL-positive patients
across different studies.

When cognitive dysfunction is milder, patients complain of forgetfulness, atten-
tion deficits, difficulty concentrating on tasks, and other deficits that mildly inter-
fere with everyday function. These mild changes in the cognitive status may be the
only clinical manifestation of APS [64]. Formal neuropsychological testing may be
the most sensitive tool to measure small cognitive changes that might not be
obvious on brief bedside examinations such as the Mini Mental Status Examination
[65]. In addition, cognitive functioning assessed by these tests may provide an accu-
rate index of the patient’s general CNS status [65, 66].

There are many documented cases of neurocognitive deficits secondary to APS
that are not related to cerebrovascular disease [57, 67]. For example, Mikdashi and
Kay [56] reported 4 patients who exhibited psychomotor retardation and had the
same deficit pattern, including decreased visual attention, word retrieval problems,
executive function difficulties, and impairment of both verbal and non-verbal
memory skills. None of these patients had a history of stroke.

aPL-associated Cognitive Dysfunction: Primary APS

An association between high aCL titers and cognitive dysfunction has also been
found in patients without SLE. For example, Schmidt and colleagues found subtle
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neuropsychological dysfunction in otherwise normal elderly people with increased
levels of aCL IgG [67]. This correlation with aCL IgG titers was significant despite
the lack of evidence of any anatomic abnormalities on magnetic resonance imaging
(MRI) or correlation of aCL positivity with MRI. De Moerloose and colleagues eval-
uated the prevalence of aCL in 192 elderly patients [68]. The overall prevalence of
aCL was 10.9% and decreased by decade in patients 70–99 years of age from 18% to
10% to 7%, whereas the prevalence of ANA positivity increased by decade from 22%
to 32% to 42%. There was no association between the presence of aCL and
decreased survival. In contrast, and in keeping with previous findings, Cesbron
found a trend towards an increased prevalence of aCL by decade in 1042 elderly
subjects between the ages of 60 and 99 years [69]. In addition, high aCL levels were
associated with increased physical disability in this population independent of age,
gender, visual or hearing abnormalities, Mini Mental Status Examination scores, or
history of cerebrovascular or cardiovascular disease. Chapman and colleagues
reported that 13 of 23 (56%) patients with APS were demented and they were
significantly older than the non-demented APS group [70]. The demented patients
had significantly more pathology on computed tomography (CT) scan of brain and
electroencephalogram (EEG). The higher level of aPL in the demented patients sug-
gests a direct causal relationship between autoantibodies and brain dysfunction.

aPL-associated Cognitive Dysfunction: Secondary APS

aPL positivity has been associated with several different patterns of cognitive dys-
function in patients with secondary APS, depending on the study. Verbal memory
deficits, decreased psychomotor speed, and decreased overall productivity have
been significantly correlated to elevated aPL levels [59–62]. Denburg and colleagues
found LA-positive patients to score significantly lower than LA-negative patients
on measures of verbal memory, cognitive flexibility, and psychomotor speed [59].
In addition, the cognitive deficits were noted even in patients who had no past or
present clinical neuropsychiatric event, suggesting a specific association between
the antibodies and cognitive functioning. Several recent studies have also reported
cognitive dysfunction with increased IgG aCL titers [60, 62]. Menon and colleagues
reported that SLE patients with consistently elevated IgG aCL levels over a period of
2 to 3 years performed significantly worse than SLE patients with occasionally ele-
vated or never elevated titers on a variety of neuropsychological tests [62]. These
results were not observed with anti-DNA antibody titers or C3 levels. Attention and
concentration, as well as psychomotor speed, were the domains most affected.
Hanly and colleagues followed 51 female SLE patients over a 5-year period and
found that persistent aCL IgG elevations were associated with decreased psychomo-
tor speed, while persistent aCL IgA elevations were correlated with problems with
executive functioning and reasoning abilities [59]. They also found no association
between cognitive deficits and anti-DNA antibodies.

Sneddon’s Syndrome and Other aPL-associated Dementia

Recurrent stroke in patients with livedo reticularis (Sneddon’s syndrome) has been
associated with aPL [71]. The frequency of aPL in patients with Sneddon’s syn-
drome has ranged from 0% to 85% [71–73]. This syndrome is also frequently
accompanied by dementia, most likely on the basis of multiple infarctions.
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Sneddon’s original patients all had focal neurological deficits, which he considered
to be “limited and benign,” leaving little residual disability [74]. Subsequent
descriptions of the syndrome have revealed a spectrum of clinical neurological
manifestations. Zelger and colleagues described three stages of neurological
involvement: (1) “prodromal” symptoms such as dizziness or headaches preceding
focal neurological deficits by years; (2) recurrent focal neurological deficits due to
recurrent cerebral ischemia, also lasting years; and (3) progressive cognitive impair-
ment leading to severe dementia [72]. Tourbah and colleagues correlated the MRI
abnormalities found in 26 patients with Sneddon’s syndrome with disability, pres-
ence of cardiovascular risk factors, cardiac valvular abnormalities on ECHO, and
titer of aPL [73]. Disability (defined by memory disturbance or ability 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 disabil-
ity. Systemic hypertension was present in 65%, cardiac valvular abnormalities in
61%, and aPL in 42% of patients with no correlation found between any of these and
MRI abnormalities. The presence of disability was correlated with increasing sever-
ity of MRI lesions.

An aPL-associated dementia without the other features of Sneddon’s syndrome
has also been described. In many patients this appears to be due to multiple cere-
bral infarctions [75]. In addition, the catastrophic APS can present with an acute
organic brain syndrome characterized by fulminant encephalopathy [76]. Asherson
reported that in a group sample of 50 patients with catastrophic APS over 50% had
CNS involvement [25].

Neuroimaging Studies

Brain MRI studies in patients with APS (primary or secondary) have revealed small
foci of high signal in subcortical white matter scattered throughout the brain
[77–79]. 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 aPL and clinical
nervous system symptoms is reported to be high by some investigators [77–79] and
not by others [67, 80].

Toubi and colleagues [79] found aPL immunoreactivity in 53/96 (55%) SLE
patients with CNS manifestations as compared to 20/100 (20%) of SLE patients
without them. In this study, 53 patients with CNS manifestations underwent MRI
imaging and 33 showed high-intensity lesions that were interpreted as “suggestive
of vasculopathy.” MRI abnormalities were seen more frequently in patients with as
compared to those without aPL immunoreactivity. Some of these patients with MRI
abnormalities had seizures or psychiatric disturbances and not stroke. This sug-
gests that in some cases, aPL-associated neurologic manifestations may be due to an
aPL–brain phospholipid interaction whereas in other the underlying pathogenic
feature may be thrombotic. Although useful in demonstrating structural lesions
such as infarcts and hemorrhages in the brains of patients with focal lesions,
imaging techniques are poorly correlated with diffuse or global dysfunction. For
example, the status of aCL titers in a group of 233 normal elderly participants was
found to have no influence in the MRI results [67]. Using brain MRI and PET
imaging, neuropsychological testing, a neurological examination, and serum testing
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for aPL antibodies and antineuronal antibodies, Sailer and colleagues [80] studied
35 SLE patients whose disease was inactive. Twenty patients had neurological
deficits, 3 had psychiatric symptoms, and 10 had cognitive impairment. No differ-
ences in global glucose utilization by PET imaging were seen between SLE patients
with as compared to those without neurological or cognitive abnormalities. On MRI
imaging, the number and size of the white matter lesions correlated with the pres-
ence of neurological deficit, but were unrelated to the severity of cognitive impair-
ment. Large lesions (8 mm or greater) were associated with high aCL IgG levels. In a
study evaluating the association between neuropsychological abnormalities and aPL
in an elderly population, no association between aCL and MRI lesions was found,
supporting Sailer’s findings in the group with cognitive impairment only [67].

Hachulla and colleagues performed brain MRI in patients with primary and sec-
ondary APS [81]. Both cerebral atrophy and white matter lesions were more
common in both groups in comparison with control subjects. 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 presence of LA and cerebral atrophy.

Treatment

Primary Prevention

There are no data that address the use of any specific treatment strategies for
primary prevention of aPL-associated stroke. Several ongoing studies are likely to
provide some data addressing this issue over the next few years. An ongoing study
in the United Kingdom is randomizing SLE patients with aPL and adverse preg-
nancy outcomes to receive low-dose aspirin (75 mg/day) or low-intensity warfarin
[2]. The aforementioned Euro-Phospholipid Project Group will also have some
information that will shed light on the issue of primary prevention, although in that
study patients are not randomized to a specific treatment [17]. Some information in
this regard may already be available in the Euro-Lupus data set. Finally, the
APSCORE registry in the United States (Robert Roubey, University of North
Carolina, Principal Investigator) is enrolling subjects with primary APS, secondary
APS, and aPL-positive patients not meeting Sapporo criteria [47]. Thus, the issue of
true primary prevention (aPL positive at a moderate-to-high titer on at least two
occasions at least 6 weeks apart but without clinical manifestations) can potentially
be prospectively evaluated.

Secondary Prevention

Treatment such as platelet antiaggregant and anticoagulant therapy for secondary
stroke prevention have both been used in APS and in cerebrovascular disease asso-
ciated with aPL immunoreactivity [49, 82–84]. Two groups have retrospective data
to suggest that high-intensity warfarin treatment (vs. low- or moderate-intensity
warfarin or aspirin treatment) is associated with better outcomes in selected cohorts
with various types of thrombotic events [82, 83]. Patients reported on in these
studies did not have repeat aPL testing and would not fulfill current criteria for APS.
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Crowther and colleagues recently reported the results of the first randomized,
double-blind, controlled trial of two different intensities of warfarin treatment on
the prevention of recurrent thrombotic events in patients with APS [84]. There were
114 patients enrolled in the study and followed for an average of 2.7 years. The
average INR values in the moderate and high-intensity groups were 2.3 and 3.3,
respectively. Recurrent thrombosis occurred in 2/58 (3.4%) patients assigned to
moderate-intensity warfarin and in 6/56 (10.7%) patients assigned to receive high-
intensity warfarin. In the moderate-intensity group, recurrent events included MI
and deep venous thrombosis. The INR values at the time of recurrent thrombosis in
this group were 1.6 and 2.8. In the high-intensity group, recurrent events included 3
deep venous thromboses, 1 pulmonary embolism, 1 MI, and 1 stroke. The INR
values for these patients at the time of recurrent thrombosis were 3.1, 1.0, 0.9, 1.0,
3.9, and 1 patient had stopped warfarin 137 days before the recurrent event.
Thirteen patients in the moderate and 21 patients in the high-intensity group dis-
continued warfarin prematurely. Thus, 22.4% of the low-intensity group and 37.5%
of the high-intensity group either had thrombosis on therapy or complications
leading to the need for discontinuation of warfarin. The most common reasons for
stopping warfarin included withdrawal of consent, thrombotic event, and bleeding.
There was no difference in major bleeding rates between the two groups. These
results suggest that high-intensity warfarin treatment is not more effective than
moderate-intensity treatment in preventing recurrent thrombotic events in patients
with APS. The study did not specifically address the end-point of stroke.

The APASS Group recently completed the first prospective study of the role of
aPL in recurrent ischemic stroke in collaboration with the WARSS group [50]. This
controlled and blinded study was initiated in 1993 and compared the risk of recur-
rent stroke and other thrombo-embolic disease over a 2-year follow-up period in
patients with ischemic stroke who were randomized to either aspirin therapy (325
mg/day) or warfarin therapy at a dose to maintain the INR between 1.4 and 2.8. The
suggested target INR was 2.2. This study was not designed to be a treatment trial,
but rather collected additional laboratory data from subjects enrolled in WARSS.
The purpose of the study was to collect information about recurrent stroke rates in
aPL-positive versus aPL-negative patients controlling for treatment. Exclusion crite-
ria for WARSS included indication for warfarin therapy (e.g., atrial fibrillation),
contraindication for warfarin therapy, and high-grade carotid stenosis suggesting
the need for carotid endarterectomy. There were 882 patients randomized to war-
farin and 890 patients randomized to aspirin who participated in APASS. The
primary analysis assessed the impact of baseline aPL positivity within each WARSS
treatment group separately, after risk factor adjustment (because these aPL+ vs.
aPL– comparisons were not randomized). No increased risk of thrombotic event
was associated with the baseline aPL in either the warfarin-treated patients (RR
0.97; 95% CI, 0.74–1.27; P = 0.82), or the aspirin-treated patients (RR 0.96; 95% CI,
0.71–1.29; P = 0.77). The overall event rate was 22.2% among aPL-positive subjects
and 21.8% among those who were aPL negative. There was no treatment by aPL
interaction (P = 0.96). Patients with baseline positivity for both LA and aCL anti-
bodies tended to have a higher event rate (31.7%) than patients who were negative
on both antibodies (24.0%; RR 1.36; (95% CI, 0.97–1.92; P = 0.07). Classification by
Regression Tree (CART) analyses failed to identify a specific LA test or aCL isotype
or titer that was associated with an increased risk of thrombotic event. There was no
difference in major bleeding complications between treatment groups. Thus, it
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appears that for patients with a positive aPL determination at a single time point at
the time of ischemic stroke (including low titers of aCL and/or IgA aCL) who do not
have either atrial fibrillation or high-grade carotid stenosis, aspirin and warfarin
therapy at an INR of approximately 2.0 are equivalent regarding stroke recurrence
and major bleeding complications. 

There are some important limitations that must be kept in mind when applying
these data to individual patients. First, the analyses that are currently available from
the WARSS/APASS data do not address the issue of whether or not meeting the pro-
posed criteria for the diagnosis of definite APS is an important factor in stroke
recurrence or therapeutic response. A pre-specified analysis explored the relation-
ship between aPL levels at study entry (and not APS status) and outcome. Second,
both the INR and the aspirin dose selected for this study were based on treatment
recommendations for secondary prevention of ischemic stroke in patients without
aPL at the time the study was undertaken nearly 10 years ago. That is, a high INR-
producing dose of warfarin was not used. The average INR was, however, nearly
identical to the average dose of warfarin used in the moderate-intensity group in the
study of Crowther and colleagues [84]. This dose was found to be equally effective
to high-intensity warfarin treatment in preventing recurrent thrombotic events. A
lower dose of aspirin (60–81 mg) may have theoretical advantages over the dose
used in WARSS, however, new attention is being paid to the issue of aspirin
resistence in stroke treatment. It may be that aspirin dose, like warfarin dose, will
provide optimal efficacy if the dose is tailored to the individual patient.

It remains possible, although unproven, that high-intensity doses of warfarin
can better prevent recurrence in some patients with aPL-associated ischemic
stroke, particularly in patients with APS. Any benefit of high-intensity doses of
warfarin may be negated by a higher rate of major bleeding complications,
although this was not found to be the case in the study of Crowther and colleagues
[84]. Ruiz-Irastorza and colleagues also addressed this question in an analysis of
66 patients with APS (58% of them with a previous stroke) on high-intensity war-
farin therapy and found a major bleeding rate of 6 cases to 100 patient-years, with
no cases of fatal bleeding and only 1 case of intracranial (subdural) hematomas
[85]. In all cases, bleeding was associated with a clear precipitating factor.
Interestingly, this group also found a high rate of thrombotic recurrences despite
anticoagulant therapy, primarily in the same vascular territory as the original
thrombotic episode (9.1 cases per 100 patient-years). In all but 1 case patients were
documented to have an INR lower than 3.0 at the time of recurrent thrombosis,
suggesting that in some patients with persistent medium-high titers of aCL and/or
LA oral anticoagulation to high-intensity target range may be needed to prevent
recurrent thrombotic events. Alternatively, antiplatelet therapy may benefit these
patients, as well.

Derksen and colleagues recently described the course and outcome of 8 patients
with ischemic stroke as the first thrombotic manifestation of APS who received low-
dose aspirin as treatment for secondary prevention [86]. During 8.9 years of follow
up, 2 patients had a recurrent stroke, for a recurrent stroke rate of 3.5/100 patient-
years on aspirin. Although this is a very small series of patients, the recurrent stroke
rate with aspirin treatment is actually lower than in the patients on high-intensity
warfarin described by Ruiz-Irastorza and colleagues [85].

Thus, the issue of optimal treatment in preventing recurrent stroke in patients
with aPL/APS remains an open question. It is possible that subgroups with different
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recurrence risks and for whom specific treatments are optimal will be identified in
the coming years.
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7 Cerebral Disease Other than Stroke and
Transient Ischemic Attack in Antiphospholipid
Syndrome
Giovanni Sanna

Central nervous system (CNS) involvement is one of the most prominent clinical
manifestations of antiphospholipid (Hughes) syndrome (APS) and includes arterial
and venous thrombotic events, psychiatric features, and a variety of other non-
thrombotic neurological syndromes.

In 1983, Hughes, in his original description of the syndrome, highlighted the
importance of cerebral disease in patients with APS [1]. In the early 1980s, his group
reported the presence of antiphospholipid antibodies (aPL) in association with
cerebrovascular accidents, intractable headache or migraine, epilepsy, chorea, idio-
pathic transverse myelitis, Guillain-Barré syndrome, and dementia [2–5].

The full impact of APS on neurology is now becoming increasingly recognized
[6]. The range of neurological features of APS is comprehensive and includes focal
symptoms attributable to lesions in a specific area of the brain as well as diffuse or
global dysfunction [7–10]. Table 7.1 summarizes the wide spectrum of CNS mani-
festations that have been reported in association with aPL.

Although the mechanism of neurological involvement in APS is thought to be
thrombotic in origin and cerebral ischemia is the most common manifestation [9], a
number of other neuropsychiatric manifestations, including chronic headache,
dementia, cognitive dysfunction, psychosis, depression, transverse myelitis, multi-
ple sclerosis-like disease, chorea, and seizures have been associated with the pres-
ence of aPL [4, 6, 10–14]. Many of these manifestations cannot be explained solely
by hypercoagulability and it is possible that some of them (e.g., cognitive dysfunc-
tion, seizures, chorea) may have more complex causes.

It is not completely understood why the CNS is particularly vulnerable in patients
with APS.

There is an increasing body of evidence which supports the hypothesis that aPL
may also have more direct effects on the brain [11]. It has been shown that aPL bind
neurons, glial cells, and myelin and disrupt their function [15, 16]. aPL also inter-
fere with endothelial cell function and promote the procoagulant activity of
endothelial cells [17–20]. Lai and Lan [21] found high levels of IgG anticardiolipin
antibodies (aCL) in cerebrospinal fluid of systemic lupus erythematosus (SLE)
patients with CNS involvement, including headache, acute psychosis, and cognitive
impairment, suggesting that aPL may also produce direct neurologic tissue damage
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through immune-mediated mechanisms. Animal models are providing important
insights in some of the underlying mechanisms for CNS dysfunction in APS
[22–24].

In this chapter we will attempt to highlight the broad spectrum of the neuropsy-
chiatric manifestations that have been reported in association with aPL with a
particular emphasis on those without a well-defined underlying thrombotic mecha-
nism. Cerebrovascular disease will be described in another chapter of this book.

Seizures

A number of studies – mainly in SLE patients – have confirmed the original obser-
vation of Mackworth-Young and Hughes in 1985 [25] of the association between
aPL and seizures [14, 26–32].

Herranz et al [27] found that moderate-to-high titers of IgG aCL were associated
with seizures in SLE patients, suggesting an important role for these antibodies in
the aetiopathogenesis of this manifestation. Liou et al [29] confirmed the associa-
tion between epilepsy and aCL in 252 SLE patients recruited in a prospective study,
where the odds ratio of developing seizure for those patients who had a high level of
aCL was 3.7 when compared with those without a detectable level of aCL.

Our most recent experience confirmed a strong association between the presence of
aPL and seizures in a series of 323 SLE patients [32]. We found that the prevalence of
aCL was higher in patients with seizures than in those without. The association of
seizures with aCL remained significant after excluding 47 patients with cerebrovascu-
lar accidents. We also showed that IgG and IgM aCL were both independently associ-
ated with cerebrovascular accidents and seizures by multivariate analysis.
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Table 7.1. Neuropsychiatric manifestations associated with the presence of antiphospholipid antibodies.

Cerebrovascular disease
Transient ischemic attacks
Ischemic stroke
Acute ischemic encephalopathy
Cerebral venous thrombosis

Seizures
Headache
Chorea
Multiple sclerosis–like syndrome
Transverse myelitis
Idiopathic intracranial hypertension
Other neurological syndromes

Sensorineural hearing loss
Guillain-Barré syndrome
Transient global amnesia
Ocular syndromes
Dystonia–Parkinsonism
Progressive supranuclear palsy

Cognitive dysfunction
Dementia
Other psychiatric disorders

Depression
Psychosis



The increased prevalence of autoantibodies in patients with epilepsy has also
been attributed to the use of antiepileptic drugs [33, 34]. However, recent studies
showed no association between the presence of autoantibodies, including aPL, and
antiepileptic medication in patients with epilepsy [30, 35–37].

Verrot et al [30] studied 163 consecutive patients with epilepsy with no clinical
signs of SLE or APS and found that aCL were present in 20% of the patients, inde-
pendently of the type of epilepsy, the antiepileptic treatment, or the age or sex of the
patients.

Peltola et al [35] found no association between the presence of aPL and
antiepileptic medications. They found that the prevalence of aPL was greater in
patients with epilepsy – including newly diagnosed seizure – confirming the associ-
ation between aPL and seizure disorder.

In accordance with these reports, a recent paper from Ranua et al [37] showed
that the use of antiepileptic medication does not have an effect on the presence of
aPL or other autoantibodies. They found an association between the presence of
aCL and long duration of partial epilepsy, as well as an association between the
presence of these antibodies and poor seizure control despite antiepileptic treat-
ment, supporting the hypothesis that an immune dysregulation may play a role at
least in certain types of epilepsy.

Different forms of seizures are seen in association with aPL and all ages may be
affected [6, 36, 38]. A recent paper from the Euro-Phospholipid Project Group
reported seizures in 7% of 1000 patients with APS [9], but this figure is probably an
underestimate.

Shoenfeld et al [14] recently reported epilepsy in 8.6% of 538 patients with APS.
Epilepsy was more prevalent among patients with APS secondary to SLE (13.7%)
when compared to those with primary APS (6%). They also found that patients with
epilepsy had a higher prevalence of focal ischemic events, suggesting that in many
cases seizures may be the expression of an underlying ischemic event occurring as a
result of hypercoagulability. However, this explains only part of the increased
occurrence of epilepsy in APS and the pathogenetic mechanism underlying the
association of this manifestation with aPL remain uncertain.

There may be a primary immunological basis for seizures in APS. In fact there is
increasing evidence supporting the hypothesis of a direct interaction of aPL with neu-
ronal tissue as a possible alternative mechanism to hypercoagulability [7, 11, 39, 40].

aCL obtained from patients with SLE who had seizures have been shown to
reduce a gamma-aminobutyric acid (GABA) receptor-mediated chloride current in
snail neurons [39], suggesting the there is a direct and reversible mechanism
through which aPL might lower the seizure threshold.

Also, aPL have been demonstrated to bind directly to ependyma amd myelin of
fixed cat [41] and rat brain [42]. The recent finding that aPL depolarize brain nerve
terminals [40] has provided further evidence that these antibodies may play a role
in the pathogenesis of seizures in APS.

Headache

One of the most prominent features in patients with APS is headache. This
symptom, a common complaint of APS patients in clinical practice, can vary from
classic intermittent migraine to almost continuous incapacitating headache.
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The association of migraine and aPL is controversial, with widely varying results
from different series [43]. Many authors have reported association with LA or aCL
[44, 45] and others no association at all [46].

The difficulty in demonstrating a true association between aCL positivity and
migraine stems in part from the high prevalence of migraine in the normal popula-
tion and the relatively low prevalence of aCL positivity in otherwise healthy individ-
uals. One of the major problems is also that headaches, often non-migrainous, have
been loosely termed “migraine,” and these headaches may precede or accompany
transient ischemic attacks (TIAs) or cerebrovascular accident (CVA) [47]. aPL have
been also detected in patients with transient neurologic symptoms including
migraine aura. Therefore, the controversy may be in part due to the inherent
difficulty in distinguishing the transient focal neurologic events of migraine from
TIA.

The available data suggest an association between the migraine-like phenomena
and aPL, but not between migraine headache and aPL. In 1989, Shuaib et al [48]
described migraine as an early prominent symptom in 6 patients with aPL, but
Tietjen [49] pointed out that the role of these antibodies in the pathogenesis of
migraine was poorly understood, calling for prospective, controlled studies to eluci-
date the actual role of aPL in migraine.

Montalban et al [50] carried out a prospective study in 103 consecutive patients
with SLE, including a control group of 58 patients with migraine not associated with
SLE. Although they found a high frequency of headache in SLE patients, they failed
to find an association between the presence of aCL and migraine. No migraine
control patients were found to have aCL.

Tietjen et al [51] assessed the frequency of aCL in migraine in a large prospective
study that evaluated adults patients and normal controls under 60 years of age. The
authors studied a group of 645 patients with transient focal neurological events,
including 518 with migraine with aura, another group of 497 individuals with
migraine without aura, and the 366 healthy controls. The frequency of aCL did not
differ significantly between groups.

Verrotti et al [52] studied the prevalence of aCL in children with migraine. In this
study, 40 patients were divided into two groups according to the type of migraine:
group I included 22 cases suffering from migraine with and without aura; group II
consisted of 18 children having migraine with prolonged aura or migrainous infarc-
tion, also called complicated migraine. Two groups of children were studied as con-
trols: a group of 35 children with juvenile chronic arthritis and a group of 40 healthy
sex- and age-matched children who did not suffer from migraine or any other neu-
rological disease. No statistically significant differences were found in levels of aCL
between group I and II and controls. The authors concluded that, in children with
migraine, aCL are not more frequent than in healthy controls, suggesting that aCL
are not implicated in the pathogenesis of migraine.

To date prospective studies using appropriate control groups failed to demon-
strate association between aPL and migraine in SLE patients and higher prevalence
of aPL in migraine sufferers.

Our recent study in 323 SLE patients showed that although the prevalence of
headache in SLE was similar to that reported for the general population, aPL, in
particular IgG aCL, were more significantly prevalent in the group of patients with
headache compared with those without [32]. However, we failed to demonstrate an
association of aPL with a particular subtype of headache or with migraine.
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Recent anecdotal reports described a dramatic clinical improvement in patients
with APS and chronic severe headache after commencing anticoagulation to
prevent recurrences of thrombosis [53–55].

However, a double-blind crossover trial comparing low-molecular-weight
heparin with placebo in patients with aPL and chronic incapacitating headache, not
responsive to conventional treatment, did not show any beneficial effect [56].

Cognitive Dysfunction

Cognitive dysfunction varies from global dysfunction in the context of multi-infarct
dementia to subtle cognitive deficits in otherwise asymptomatic patients with aPL.
One of the most common complaints in these patients is of poor memory, difficulty
in concentrating, or difficulty in keeping their attention for a long time, indicating a
probable preclinical phase of neurological involvement.

In the largest published series of APS to date a prevalence of 2% was reported
for multi-infarct dementia but no data were provided on other different type of
cognitive impairment [9]. Less severe forms of cognitive impairment are consid-
ered common in APS patients, but the exact prevalence is unknown. The esti-
mated prevalence of cognitive dysfunction in SLE patients range from 17% to
59% [57].

The recognition of subtle forms of cognitive dysfunction has been greatly facili-
tated by the application of formal neuropsychological assessment, mainly in
patients with SLE. The relationship of cognitive dysfunction with aPL, detected by
the presence of lupus anticoagulant (LA) or aCL, has been investigated in cross-sec-
tional [58, 59] and prospective/longitudinal studies [60, 61]. These studies showed
that aPL may play a primary role in the pathogenesis of cognitive impairment and
that the application of neuropsychological testing is useful in detecting an early
neuropsychiatric involvement in patients with SLE.

A cross-sectional study of 70 patients with SLE [58] showed that delayed recogni-
tion memory performance was poorer in patients with elevated aCL levels. Denburg
et al [59] evaluated the relationship between aPL positivity (expressed as the LA)
and cognitive dysfunction in patients with SLE in a cross-sectional study. LA-posi-
tive patients were 2 to 3 times more likely than were LA-negative patients to be des-
ignated as cognitively impaired by the application of specific psychometric tests,
with lower performance on tasks of verbal memory, cognitive flexibility, and psy-
chomotor speed. These deficits occurred independently of clinically overt neuropsy-
chiatric manifestations. The authors speculated that LA positivity is associated with
subclinical nervous system compromise, possibly on the basis of ongoing LA-
related microthrombotic events or vasculopathy.

Menon et al [61] determined the relationship between persistently raised aCL
levels and neuropsychological performance in 45 patients with SLE. They found that
levels of IgG aCL that were persistently elevated over a 2- to 3-year period (as
opposed to never or occasionally elevated) were associated with significantly poorer
performance in cognitive function. Tasks requiring speed of attention and concen-
tration appeared to be particularly affected in these patients.

Hanly et al [60] analysed prospectively the association between changes in cogni-
tive function and aCL over a period of 5 years in SLE patients using standardized
tests of cognitive function. Their results showed that patients with persistent IgG
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aCL positivity had a reduction in psychomotor speed, and patients with persistent
IgA aCL positivity had a reduction in conceptual reasoning and executive ability,
suggesting that IgG and IgA aCL may be responsible for long-term subtle deteriora-
tion in cognitive function in patients with SLE. An important finding of this study
was that the observed changes in cognitive performance were not associated with
persistent elevation of the level of anti-dsDNA antibodies, showing that they can
occur independently of generalized SLE disease activity and supporting the hypoth-
esis that aPL play a primary role in the etiology of these manifestations.

Whether these cognitive deficits result from recurrent cerebral ischemia or
whether there is other underlying mechanisms is not clear. An increasing evidence
for a direct pathogenic role of aPL in causing cognitive and behavioral impairments
has been recently provided from animal model of APS [24, 40].

Clinical implications of these findings are that, although the current evidence
does not support the introduction of aggressive anticoagulation as a strategy to
prevent subclinical cognitive impairment, there may be a role for more benign ther-
apies such as low-dose aspirin or antimalarials. On the other hand, anecdotal
reports of improvement of these symptoms after anticoagulation therapy com-
menced for other reasons in APS patients [55], may provide some support for the
theory that arterial thrombosis and/or ischemia represent the primary cause of this
type of CNS dysfunction, supporting the utility of further longitudinal case-control
trials to answer the question of whether an anticoagulation treatment with low tar-
geted international normalized ratio (INR) could be superior to aspirin in these
patients.

Long-term prospective studies are also required to determine if the risk of cogni-
tive impairment in patients with persistently elevated aPL levels is cumulative over
time. If this is confirmed, the next step will be to identify effective therapies with an
acceptable benefit/toxicity ratio.

Dementia

A chronic multifocal disease, defined as a recurrent or progressive neurological
deterioration attributable to cerebrovascular disease, can produce multi-infarct
dementia. Asherson et al [5] first described this manifestation in 1987. They went on
to describe in 1989 [62] the clinical and serologic features of 35 patients with aPL
and cerebrovascular disease. Strokes were often multiple and were followed by
multi-infarct dementia in 9 patients. This dementia, generally associated with a loss
of cognitive functions and impairment of skills, concentration, memory dysfunc-
tion, language impairment, and judgemental defects, does not present with peculiar
characteristics. It cannot be differentiated from other kinds of dementia, such as in
Alzheimer’s disease, senile dementia, or metabolic/toxic conditions involving the
brain. Many other authors have since reported this complication in patients with
recurrent strokes [63–65].

Westermann et al [66] described brain biopsy findings from a patient with multi-
infarct dementia and APS. Microscopic examination showed luminal occlusion by
thrombi, and marked endothelial hyperplasia of small meningeal and cortical
arterioles, suggesting that the pathogenesis of this cerebral vasculopathy is non-
inflammatory and is associated with reactive endothelial hyperplasia and thrombo-
sis of small arterioles.
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Hilker et al [67] reported on a 55-year-old man suffering from progressive
dementia and primary APS (PAPS), in whom cerebral glucose metabolism and
blood flow were examined by positron emission tomography (PET). Cerebral
atrophy and a moderate number of white matter hyperintensities were detected on
magnetic resonance imaging (MRI), whereas the PET scans showed a considerable
diffuse impairment of cortical glucose metabolism combined with a reduced cere-
bral perfusion in the arterial border zones. These findings indicate that PAPS-asso-
ciated vascular dementia is accompanied by a cortical neuronal loss, presumably
caused by a small-vessel disease with immune-mediated intravascular thrombosis.

Mosek et al [68] examined the relationship of aPL to dementia in the elderly in a
case-controlled study. They found that 5 of the 87 demented patients (6%), but
none of the 69 controls, had significantly elevated aCL IgG levels (above 20 GPL). All
the patients with high aCL IgG levels were diagnosed clinically as having dementia
of the Alzheimer type, except for 1 who had mixed dementia, and none had features
of an immune-mediated disease. This study showed that a small but significant
number of patients with dementia have high levels of aPL. The role of the aPL in
these patients, with apparently diffuse brain disease, is currently unknown.

Chapman et al [69] recently confirmed the association of APS with dementia in a
hospital-based study. They found that 13 out of 23 patients (56%) with PAPS were
demented, with higher levels of aPL and significantly older when compared with
the non-demented APS patients. The authors suggested that the length of exposure
to aPL may play an important role – as well the presence of high levels of aPL – in
determining the development of dementia.

Other Psychiatric Disorders

To date there have been surprisingly few studies detailing the psychiatric manifesta-
tions of APS. Mood disorder and psychosis may be present in patients with APS,
although both the frequency and the pathophysiological relationship to APS remain
controversial [13].

It should always be kept in mind that corticosteroid treatment may itself induce
psychosis and negative effects on cognition and mood, particularly in patients with
long-term treatment and/or treated with high doses corticosteroids [70].
Nevertheless, these effects have also been seen in healthy volunteers [71]. This in
particular applies to patients with SLE and secondary APS.

It remains unclear whether the presence of aPL may represent an adverse
response to neuroleptic treatment. However, Schwartz et al [72] found no associa-
tion between the presence of aCL or LA and neuroleptic treatment in 34 patients
with acute psychosis, suggesting that the presence of aPL may be primarily associ-
ated with psychosis.

However, we recently found no association between the presence of aPL and
psychiatric disorder in 323 patients with SLE [32].

Animal studies recently showed a propensity to hyperactivity and exploratory
behavior in induced animal models of APS [23, 73, 74], suggesting a possible associ-
ation between human hyperactive behavior and aPL [11]. However, a recent study
showed no significant difference in the level of aPL between children diagnosed with
attention deficit/hyperactivity disorder when compared to the control group [75].
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Chorea

A strong relationship between aPL and chorea has been reported in retrospective
studies. Chorea is a rare manifestation, occurring in 1% to 3% of SLE and APS
patients [9]. This type of movement disorder has been documented in pregnancy
and as a complication of oral contraceptives [76]. Its association with aPL alone
[77], or, more commonly, with SLE has been infrequently reported [78, 79]. It seems
that chorea is more frequent in patients with PAPS than in those with SLE.

Because chorea in SLE is often unilateral, acute in onset, and is often followed by
other CNS manifestations, a vascular pathogenesis is probable in these patients. A
similar mechanism may also be present in patients who demonstrate the disorder
subsequent to taking oral contraceptives. It is also possible that increased dopamin-
ergic activity within the corpus striatum, a mechanism postulated to occur particu-
larly in patients taking compounds such as d-amphetamine and levodopa, may also
play some role [80].

It has been postulated that aPL can cause chorea by an antigen/antibodies mecha-
nism binding phospholipid in the basal ganglia [81].

Cervera et al [82] reviewed the clinical, radiologic, and immunologic characteris-
tics of 50 patients with chorea and the APS. Fifty-eight percent of patients had
defined SLE, 12% “lupus-like” syndrome, and 30% had PAPS. Twelve percent of
patients developed chorea soon after they started taking estrogen-containing oral
contraceptives, 6% developed chorea gravidarum, and 2% of patients developed
chorea shortly after delivery. Most patients (66%) had only 1 episode of chorea.
Chorea was bilateral in 55% of patients. Computed tomography and MRI scans
reported cerebral infarcts in 35% of patients. The chorea in these patients
responded to a variety of medications, for example, steroids, haloperidol, antiaggre-
gants, anticoagulants, or a combination of therapy, usually prescribed in the pres-
ence of other manifestations of APS or SLE. Many patients responded well to
haloperidol and to the discontinuation of oral contraceptives if this was the precipi-
tating factor.

Multiple Sclerosis–like Syndrome

Clinical syndromes mimicking multiple sclerosis (MS), mainly in its
relapsing–remitting pattern, are reported to occur in association with aPL [83–85].
Differential diagnosis may be difficult and some APS patients can be misdiagnosed
as having MS.

In 1994, Scott et al [83] reported 4 patients presenting with multiple neurological
manifestations, including vertigo, aphasia, unilateral visual loss, diplopia, or hemi-
paresis, in different combinations over several years, with variable degrees of recov-
ery after the episodes. All had white-matter lesions and all had received the clinical
diagnosis of MS. IgG aCL were positive at medium-to-high levels in the 4 patients,
and LA was also found in 3 of them. In addition, all but 1 patient had previous clini-
cal manifestations suggestive of APS, such as venous thrombosis, recurrent miscar-
riages, and thrombocytopenia.

More recent studies showed a controversial relationship between MS and the
presence of aPL.

Cerebral Disease Other than Stroke and Transient Ischemic Attack in Antiphospholipid Syndrome 75



Tourbah et al [86] found that patients with MS with autoimmune features,
including those with titers of antinuclear antibodies (ANA) of 1:100 or less and/or
aPL, were not different than others with MS regarding age of onset, presenting
symptoms and signs, neurological examination findings, or disease course. The
authors found that patients with an MS-like illness and aPL were so similar to
patients with MS that in their opinion they should not be excluded from clinical
trials.

In 1998, Karussis et al [87] screened a population of 70 classic and 100 non-classic
MS patients, labeling as non-classic those with features unusual for MS. They found
a strikingly significant proportion of aCL-positive patients in the non-classic MS
group. Most of the positive patients in the non-classic MS group had a similar clini-
cal manifestation pattern, such as progressive myelopathy, spinocerebellar syn-
drome, or neuromyelitis optica. They concluded that a clinical subset of patients
with probable or definite diagnosis of MS but with consistently elevated levels of
aCL show a slower progression and some atypical features for MS, such as persis-
tent headaches and absence of oligoclonal bands in the cerebrospinal fluid.
Therefore, in patients with MS showing such clinical features, aCL testing is recom-
mended. They speculated that these antibodies may be involved in the pathogenesis
of the neurological symptoms, and therefore, management should include
antiplatelet or even anticoagulant agents.

Recently, Cuadrado et al [85] analyzed the clinical, laboratory, and imaging
findings of MS-like expression in a cohort of patients with APS in an attempt to
identify parameters that might differentiate the two entities. These authors studied
27 patients with a previous diagnosis of probable or definite MS made by a neurolo-
gist, all of them referred because of symptoms suggesting an underlying connective
tissue disease, uncommon findings for MS on MRI, atypical evolution of MS, or aPL
positivity. MRI was performed in every patient and compared with MRI of 25
definite MS patients who did not have aPL. In the past medical history, 8 patients
with PAPS and 6 with APS secondary to SLE had had symptoms related to these
conditions. Neurological symptoms and the results of physical examination of the
patients were not different from those common in MS patients. Laboratory findings
and MRI studies were not useful tools to distinguish APS from MS. Most of the
patients with PAPS showed a good response to oral anticoagulant treatment. In
patients with secondary APS, the outcome was poorer. The authors concluded that
APS and MS can be difficult to distinguish. A careful medical history, a previous
history of thrombosis and/or fetal loss, and the response to anticoagulant therapy
might be helpful in the differential diagnosis. They recommended testing for aPL in
all patients with MS.

Roussel et al [88] studied the prevalence of serum aPL, aCL, and anti–β2 glycopro-
tein I (anti–β2-GPI), in 89 patients affected with possible, probable, or definite MS
and no clinical evidence of associated autoimmune disorder. About one third of the
patients had aPL, either aCL, anti–β2-GPI, or both. Because of the known high fre-
quency of aCL in ischemic stroke they also studied sera from a series of such
patients, and the frequency of both aCL and anti–β2-GPI was higher in MS than in
ischemic stroke. No correlation was found between aPL and the category of MS, its
clinical course or clinical symptoms, nor atypical lesions by MRI. They concluded
that aCL and anti–β2-GPI are neither rare in MS nor associated with a specific clini-
cal form of the disease and therefore they cannot be used as a diagnosis exclusion
criteria.
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Sastre-Garriga et al [89] recently studied 296 randomly selected patients with MS
and 51 healthy controls; aCL, anti–β2-GPI, or antiprothrombin were found in 6
patients. No predominance of any kind of clinical manifestation and no cardinal
manifestation of primary APS were found in these patients. They concluded that
aCL tests should be performed only when a suspicion of APS is raised and atypical
clinical presentation for MS is found, but not in unselected cases. In this case the
different results can be justified on the basis of different population selection crite-
ria and differences in laboratory techniques.

We believe that some APS patients can be misdiagnosed as having MS, making
this a crucial point for the therapeutic approach [6]. A careful interview of the
patient, a past medical history of thrombotic events, and pregnancy morbidity in
female patients may be useful in the differential diagnosis, favoring APS. The
abruptness of onset and resolution of symptoms, especially in regard to visual
symptoms (i.e., amaurosis fugax), and atypical neurological features for MS such
as headache or epilepsy, strongly suggest APS rather than MS. We think that if
not all, at least a subgroup of patients with “non-classic” MS should be tested for
aPL.

Transverse Myelitis

Harris et al [4] described in 1985 the case of a 45-year-old woman who developed
transverse myelitis in the context of a lupus-like illness. Antibodies to cardiolipin of
the IgM class were detected in high titers in the serum. The authors speculated that
these aCL may have played a part in the pathogenesis of this peculiar neurologic
manifestations in this patient.

Subsequently, many other authors confirmed the association between aPL and
transverse myelitis. The prevalence of aPL had been shown to be higher in SLE
patients with transverse myelitis compared with SLE patients in general [46].

Lavalle et al [90] reported a strong association between transverse myelitis in SLE
and the presence of aPL. They found 10 of 12 patients with transverse myelitis and
SLE as having aCL, and in the other 2 patients they found evidence of venereal
disease research laboratory (VDRL) positivity and prolonged activated partial
thromboplastin time (aPTT). Both IgG and IgM aCL were detected in 8/10 patients.

Kovacs et al [91] evaluated 14 patients with SLE and transverse myelitis and 91
additional cases published in the literature. Forty-three percent of their patients and
64% of the patients reported in the literature were aPL positive.

More recent studies provided good supporting evidence for a role for aPL in the
development of transverse myelitis. Sherer et al [92] described 4 patients out of a
cohort of 100 aPL-positive patients who had transverse myelitis, and, more recently,
D’Cruz et al [93] described a series of 15 patients with transverse myelitis as the
presenting manifestation of SLE or lupus-like disease. They found a strong associa-
tion with aPL, with 11 of 15 patients positive (73%). In 2 patients, however, aPL did
not become detectable until long after presentation. The high prevalence of aPL in
these patients and the good functional outcome in those patients who had combina-
tion of anticoagulation with immunosuppression provides further evidence of a
possible pathogenic role for these antibodies in the development of transverse
myelitis.
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Idiopathic Intracranial Hypertension

Idiopathic intracranial hypertension, also known as pseudotumor cerebri, is the
term used to describe the occurrence of raised intracranial pressure which is not
due to mass lesions, obstruction of cerebrospinal fluid flow, or focal structural
abnormalities, in alert and oriented patients. The term idiopathic requires the
exclusion of intracranial venous sinus thrombosis. Idiopathic intracranial hyper-
tension can be the presenting symptom of APS. The association of idiopathic
intracranial hypertension with aPL has been only acknowledged recently [94].
However, its true incidence is still unknown. Sussman et al [95] reported on 11 out
of 38 patients (29%) with aPL and idiopathic intracranial hypertension. However,
only 4 had aCL without other prothrombotic risk factors or evidence of sinus
thrombosis.

Leker et al [96] found aCL in 6 out of 14 patients (43%) with idiopathic intracra-
nial hypertension. They did not find differences in clinical, laboratory, or radiologi-
cal findings to distinguish between patients with idiopathic intracranial
hypertension with and without aCL.

Kesler et al [97], in a retrospective study, confirmed the association between
idiopathic intracranial hypertension and aCL, although they found a lower fre-
quency of aCL in their patients. Three out of 37 patients (8.1%) were shown to be
aCL positive, with a prevalence lower than that reported in the two previously
published studies.

Sensorineural Hearing Loss

A link between sensorineural hearing loss and autoimmune disease has been postu-
lated by many authors who described the association of sensorineural hearing loss
with aPL in several reports [98–100].

Hisashi et al [98] described the occurrence of sensorineural hearing loss in an
young woman diagnosed with SLE. Serologic tests for syphilis were false-positive
and IgG aCL were positive. The authors postulated the association of sudden
profound sensorineural hearing loss with aCL in patients with autoimmune
diseases.

Casoli et al [99] described a 55-year-old woman with a 6-year history of Sjögren
syndrome who presented IgG and IgM aCL and developed a sudden onset of sen-
sorineural hearing loss associated with vertigo.

Toubi at al [101] studied 30 patients, 11 suffering from sudden deafness and 19
from progressive sensorineural hearing loss, and 20 matched healthy controls. They
found that 27% of patients had low-moderate titers of aCL, while none of the
control group presented aCL. The authors concluded that aPL may play an impor-
tant role in the pathogenesis of this disability, speculating about the possibility of
anticoagulant therapy for these patients.

Naarendorp et al [102] described 6 patients with SLE or a lupus-like syndrome
who developed sudden sensorineural hearing loss and had elevated serum levels of
aCL or LA. They concluded that acute onset of sensorineural hearing loss in pres-
ence of aPL may be a manifestation of APS, and that anticoagulation treatment was
to be recommended for these patients.
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Guillain-Barré Syndrome

Guillain-Barré syndrome is a transient neurological disorder characterized by an
inflammatory demyelination of peripheral nerves. Although the pathogenesis of this
disorder has not been elucidated, there is increasing evidence pointing to an
autoimmune etiology. This demyelinating neuropathy, also uncommon in SLE
patients, was associated with aPL in the original descriptions of the Hughes
syndrome [2].

Gilburd et al [103] studied the reactivity of Guillain-Barré syndrome sera with
various phospholipids which are known to be important constituents of myelin, and
serve as autoantigens in other autoimmune conditions, demonstrating that some
Guillain-Barré syndrome patients produce autoantibodies to various phospholipid
and nuclear antigens. However, these autoantibodies are probably produced as a
result of the myelin damage rather than cause the demyelination.

Transient Global Amnesia

Transient global amnesia, a syndrome of sudden unexplained short-term memory
loss in association with aPL, was reported by Montalban et al [104]. Some regard
this disturbance as migrainous in origin, but other mechanisms such as epileptic
seizure have been advocated as involved in its pathogenesis [105].

Ocular Syndromes

Amaurosis fugax suggests cerebral ischemia, and is one of the most common ocular
manifestations in APS. Other visual disturbances have been associated with the pres-
ence of aPL. Ischemic optic neuropathy is less frequently described in APS [106]
when compared with SLE patients [107, 108]. Giorgi et al [108] reported on 6 SLE
patients with optic neuropathy, one of them also diagnosed with APS. This patient
had monolateral optic neuropathy, whereas the other 5 SLE patients had bilateral
optic nerve disease. These authors considered the monolateral occurrence of optic
neuropathy as a focal neurological disease due to a thrombotic event involving the
ciliary vasculature. Conversely, bilateral optic nerve damage in SLE was considered
to be due to different immunological mechanisms, such as vasculitis.

Vaso-occlusive retinopathy has also been described in the presence of aPL [109].
This is a rare but severe form of retinopathy characterised by microthrombosis and
often associated with other CNS manifestations [110].

Dystonia–Parkinsonism

There are only a few anecdotal reports of Parkinsonism in association with APS
[111, 112]. Milanov et al [112] recently reported on the combination of dystonia
with parkinsonian-like symptoms as presenting clinical manifestation of APS in a
60-year-old man who had ischemic lesions in the basal ganglia on MRI and positive
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aPL. It has been suggested that anticoagulation should be considered in patients
with aPL and dystonia–Parkinsonism in order to prevent further deterioration in
case of lack of clinical improvement with levodopa, bromocriptine, and anticholin-
ergics [113].

Progressive Supranuclear Palsy

There are recent anecdotal reports of progressive supranuclear palsy in association
with aPL [114, 115]. Aleem et al [114] reported the case of young man with recur-
rent stroke presenting as pseudobulbar palsy, and, more recently, Reiblat et al [115]
reported on a 53-year-old male who presented with severe headache, progressive
dementia, and ataxia, and developed features of progressive supranuclear palsy
(downgaze palsy, disproportionate axial predominance of rigidity, and no response
to l-dopa treatment). Interestingly he also had livedo reticularis, thrombocytopenia,
increased titers of aCL, and a positive LA. Brain MRI showed presence of cortical
and subcortical infarcts. The authors suggested that progressive supranuclear palsy
might be part of the neurological manifestations of APS.

Small High-density Lesions on Brain MRI

Brain MRI in aPL patients with ischemic stroke typically shows cortical abnormali-
ties consistent with large vessel occlusion. However small high-density lesion on the
brain MRI are frequently found in patients with aPL and, in our experience, also in
SLE patients with or without overt neuropsychiatric manifestations [116]. The
significance of these lesions is not completely understood. They are often defined as
consistent with the presence of small vessel disease by the neuroradiologists. It has
been suggested that they may be due to multiple small infarcts [117]. There is also
evidence that the presence of similar lesions is associated with a higher risk for
stroke [118], dementia, and cognitive decline in the elderly population [119]. The
finding of white matter hyperintensities on the brain MRI may represent a diagnos-
tic and therapeutic dilemma especially when recognized in young patients. In our
experience, subclinical cognitive disorders, usually undetected in the absence of a
formal neuropsychological assessment, are frequent in these patients. In a recent
study we also found that small high-density lesions on the brain MRI were associ-
ated with the presence of LA [32], supporting the hypothesis of an underlying
ischemic/thrombotic mechanism for these lesions.
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8 Skin Manifestations of Antiphospholipid
Syndrome
Carlos A. Battagliotti

Several skin manifestations have been described in patients with antiphospholipid
syndrome (APS) (Table 8.1) [1–3]. The most frequent skin lesions are livedo reticu-
laris and skin ulcers.

Vascular occlusion is generally the first and most frequent manifestation
observed in patients with antiphospholipid antibodies (aPL), accounting for 41% of
the cases. Forty percent of these patients present with other multisystem throm-
botic phenomena during the course of the disease, underscoring the significance of
skin lesions as a diagnostic marker and predictor of systemic involvement.

In spite of the association of skin lesions with different isotypes of immunoglobu-
lins, the presence of IgA anticardiolipin antibodies (aCL) has been reported as an
independent predictive factor for skin lesions (skin ulcers, chilblain lupus, and vas-
culitis) [4].

Livedo Reticularis

Livedo reticularis is the most common skin manifestation in patients with APS,
characterized by a dark purple reticular pattern usually involving the upper and
lower limbs [3, 5].

The skin normally receives its blood supply through a vascular system arranged
in the form of cones with their base towards the skin surface. Each cone is supplied
by an arteriole. The pattern of livedo reticularis corresponds to areas of anastomo-
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Table 8.1. The skin and antiphospholipid syndrome.

● Livedo reticularis
● Sneddon’s syndrome
● Skin ulcers
● Necrotizing vasculitis
● Livedoid vasculitis
● Cutaneous gangrene
● Superficial thrombophlebitis
● Pseudovasculitic lesions: Nodules, papules, pustules, palmar–plantar erythema
● Subungual bleeding
● Anetoderma



sis between the two cones where diminished blood flow is associated with the dilata-
tion of venules and capillaries. Therefore, the alteration in arterial blood flow
caused by the livedo may result from:

● Blood inflow obstruction
● Blood hyperviscosity
● Blood outflow obstruction

Livedo may be observed in normal subjects, especially women, after exposure to
cold, displaying a symmetrical and regular mottled pattern. However, the relation-
ship with a large number of pathological conditions (Table 8.2) is very important. A
detailed examination of the features of the reticular pattern, including location,
extension, symmetry, and regularity, and the presence of associated skin lesions will
contribute to the differential diagnosis [3, 6–8].

The pattern of involvement associated with APS is generally disseminated, with
incomplete circular segments, non-infiltrated, persistent, or irregular with wide
ramifications (livedo racemosa). Some patients present a fine, regular, and com-
plete network (Fig. 8.1).
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Table 8.2. Livedo reticularis and associated diseases.

● Antiphospholipid syndrome
● Systemic lupus erythematosus (with or without aPL)
● Systemic vasculitis (polyarteritis nodosa, cryoglobulinemia)
● Pseudovasculitic syndromes (cholesterol embolization)
● Overlapping syndromes
● Scleroderma
● Infectious diseases (syphilis, tuberculosis)

Figure 8.1. Livedo reticularis of the gluteal region and
both thighs of a patient with SLE and APS.



In a recent study, the presence of livedo reticularis was associated with arterial
but no venous events, suggesting that livedo reticularis could be consider as a
marker of the arterial APS subset [9].

Sneddon’s Syndrome

In 1965, Sneddon described the association between livedo reticularis and stroke
[10]. Later on, the presence of aPL in some of the patients that carry the syndrome
suggests that a subset of patients might have APS [11–13].

Although there are differences in the terminology used for the Sneddon syn-
drome livedo, its features are very clear. The skin lesions are extensive, patchy,
persistent, and do not disappear with skin heating. Usually, this is the pattern
observed in patients with a prior condition that accounts for the vascular 
lesion (secondary Sneddon’s syndrome), such as autoimmune or thrombophilic
diseases.

Beyond the initial description, there are numerous reports of cardiac and renal
involvement and development of hypertension, as well as gynecological and
obstetrical complications [14, 15]. There are no laboratory tests that contribute
to a definite diagnosis; however, 35% of patients with Sneddon’s syndrome have
anti-endothelial cell antibody as opposed to patients with stroke and no livedo
reticularis. Prognosis is variable, mainly depending on the extension and
progression of brain lesions that might lead to a severe and definite mental
deterioration.

The pathological study of livedo reticularis shows endothelitis and obliterating
endarteritis without necrotizing vasculitis [13]. In some cases the characteristics of
APS overlap so that in all patients affected with livedo reticularis with non-
inflammatory small vessel thrombosis in their biopsy, the measurement of aPL is
mandatory.

Skin Ulcers

Lower limb ulcers are one of the most frequent skin manifestations in patients with
APS [2]. They have been observed in 20% to 30% of patients. The prevalence of skin
ulcers is very high when associated with aCL in systemic lupus erythematosus (SLE)
[3, 5].

Although characteristics are variable, ulcers are painful, small (0.5–3.0 cm in
diameter), with stellate, oval, or irregular borders surrounded by a purple-brownish
and recurrent purple halo. They are generally located in the ankles, legs, and feet.
Healing is difficult; when accomplished it results in a white scar with a pigmented
halo [16, 17] (Fig. 8.2).

Giant ulcers and cases resembling gangrenous pyoderma have been reported
[18–20], although in the latter case, the characteristic undercut of the borders of
pyoderma are absent. Post-phlebitic ulcers are seldom seen though an increased
prevalence of aPL has been described in elderly patients with venous ulcers (Figs.
8.2 and 8.3).
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Figure 8.2. Patient with primary APS that presents necrotic ulcers on the leg and necrosis of the toes.

Figure 8.3. Primary APS with giant skin ulcer on the left leg refractory to anticoagulant and fibrinolytic treatment.



Necrotizing Vasculitis and Livedoid Vasculitis

Generally, no inflammatory changes are observed in the biopsies taken from skin
lesions of patients suffering from APS. The association with vasculitis might reflect
the coexistence of two diseases, most commonly SLE.

In 1967, Bard and Winkelmann described a group of patients with chronic and
recurrent livedoid-like lesions circumscribed to the lower limbs and with histologi-
cal images of hyalinizating segmentary vasculitis of the dermis vessels related to
thrombotic occlusion and lymphocytic infiltration [21]. This disorder was termed
livedoid vasculitis or segmentary hyalinizing vasculitis. These cases presented with
livedo lesions, purpura with a trend towards ulceration that became covered with
dark crusts, and inflammatory borders. After weeks or months they healed, forming
porcelain-white star-like scars, atrophic with telangiectasis and hyperpigmented
borders. These latter lesions have been termed white atrophy and some authors
consider it as a disorder per se. The term was coined by Milian in 1929, who attrib-
uted its formation to a previous ulceration with a probable syphilitic or tuberculous
etiology. There is consensus in that there are different stages in the evolution of the
same process that leads to livedoid vasculitis. Other authors believe that “white
atrophy” is the end stage of different disorders that result in a stellate porcelain-like
star [22–24].

Livedoid vasculitis predominates in young women with characteristic lesions on
the lower limbs; it recurs with seasonal exacerbations. Its presentation might be
primary or idiopathic. However, it is sometimes related to SLE, Sjögren’s syndrome,
APS, polyarteritis nodosa, rheumatoid arthritis, scleroderma, Raynaud’s phenome-
non, cryoglobulinemia, macroglobulinemia, venous vascular pathology, and dia-
betes [23, 25].

Controversy exists as to the pathogenesis but possible suggested mechanisms
include imbalance of the coagulation and fibrinolysis system and alteration of
platelet function.

Skin lesions typically found are erythematosus plaques, petechial purpura, livedo,
painful ulcers of different sizes, white atrophy, telangiectases, and hyperpigmenta-
tion. In some patients, direct immunofluorescence of skin vessels reveals IgG, IgM,
IgA, fibrin, and, to a lesser degree, deposits of complement [26].

Histological characteristics of livedoid vasculitis overlap with the vascular
changes seen in the APS. Segmental hyalinization and non-inflammatory occlusion
of the dermal arterioles leading to skin ulceration is observed.

Cutaneous Gangrene and Necrosis

Digital gangrene is a well-recognized manifestation in patients with APS [2, 3, 27].
The process starts with erythematosus macules, cyanosis, or pseudocellulitis ending
in necrosis. In patients with SLE or other autoimmune diseases, aPL quite often
coexists with other pathogenic factors such as cryoglobulins, antiendothelial cell
antibodies, or hepatitis viruses. Patients who are smokers, hypertensive, or are on
oral contraceptives have an increased risk of necrosis (Figs 8.4, 8.5, and 8.6).
Angiographic images show occlusion or severe stenosis of middle- and large-size
vessels.

90 Hughes Syndrome



Skin Manifestations of Antiphospholipid Syndrome 91

Figure 8.4. Evolution to gangrene with distal necrosis of the left foot toes in the patient carrier of primary APS
shown in Figure 8.3.

Figure 8.5. Cure by spontaneous amputation of the left foot toes affected with gangrene in a patient with
primary APS.



Some patients (3%) develop extensive superficial skin necrosis generally involv-
ing the limbs, head, and buttocks [28]. The onset is sudden, with an extensive and
painful purpuric lesion followed by a necrotic plaque with purpuric and active
edges and bullous lesions. The thrombozing microangiitis seen in examined tissues
is characteristic [2, 29].

Superficial Thrombophlebitis

Thrombotic episodes in the deep veins of the lower limbs are common. Similar
mechanisms might lead to the involvement of the superficial venous territory [3].

Pseudo-vasculitic Lesions: Nodules, Papules, Pustules,
Palmo–Plantar Erythema

A wide variety of skin lesions might be included under the term pseudo-vasculitic,
erythematosus macules, painful nodules, and purpura, among others. APS accounts
for the microthrombosis observed in skin vessels [3, 30] (Figs. 8.7 and 8.8).

Subungual Hemorrhages

Chipe-like subungual hemorrhages are longitudinally distributed, small reddish-to-
black linear lesions, which persist after ungual compression. They are not exclu-
sively associated with the APS because ungual trauma can be seen in healthy
subjects as well as patients with infectious endocarditis. They are caused by throm-
botic or embolic phenomena. It is worth pointing out that the presence of these
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Figure 8.6. Digital necrosis with gangrene of the fingers of a patient with SLE and APS.



lesions in several fingers is related to an underlying pathological process [3, 5].
Their sudden onset on multiple fingers is usually concomitant to other thrombotic
event [31, 32].

Anetoderma

Anetoderma is a rare elastolytic disorder characterized by a limited area of slack
skin associated with loss of substance on examination and a loss of elastic tissue in
the histopathology [33]. Although its cause is unknown, an immunological mecha-
nism has been suggested as playing an important role in this elatolytic disease.
Some reports suggest that anetoderma may be the presenting sign of autoimmune
disorders [34, 35], particularly in those with aPL [25, 35].

What Do Skin Lesion Biopsies of Patients with APS Show?

The main histopathological picture is non-inflammatory thrombosis in small- and
medium-sized arteries and/or veins of the dermis and hypodermis [3, 36]. A pattern
that might be associated or be the only one observed is that of obliterating endarter-
ial occlusion, characterized by narrowing of the vessel lumen with endothelial cell
proliferation and fibrohyalinization of the vessel wall. The absence of vasculitis is
characteristic. Lymphocytic or lymphoplasmocytic infiltrating isolates might be
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Figure 8.7. SLE along with APS presenting with
papuloerythematosus skin lesion (irregular borders)
on the lower limb.



observed. Based on skin involvement, the following histopathologic pattern is
observed [36]:

● Gangrenous lesion
Vascular thrombosis
Dermal hemorrhage
Obliterating endarteritis
Epidermal necrosis

● Ulcerous lesion
Vascular thrombosis
Capillary proliferation
Obliterating endarteritis
Dermal hemorrhage
Deposit of hemosiderin
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Figure 8.8. Biopsy of skin with non-inflammatory vascular thrombosis (venular) of a patient with SLE and APS.



● Livedo reticularis
Center of the reticular pattern (apparently normal skin):

Normal biopsy
Obliterating endarteritis in deep arterioles of the dermis or hypodermis

Tissue of the reticulate (involved segment of the skin):
Hyperplasia of dermal vessels

Wherever the site of biopsy in livedo reticularis, thrombosis is rare except in the
case of catastrophic APS or in the presence of ulcers and necrosis.

Association of Skin Lesions with Different Organ
Involvement

It should be remembered that 41% of patients with APS begin their disease with
skin manifestations and that 40% of patients will develop multisystem thrombotic
phenomena during the course of the disease. The association of livedo reticularis
with cerebrovascular involvement has already been pointed out (Sneddon’s syn-
drome). The presence of multiple subungual hemorrhages might coincide with
thrombotic events of other organs such as the brain, skin, adrenal glands, kidney,
etc.

Entities Associated with APS

Different pathologic entities have been described to occur in association with APS.
It should be underscored that patients affected with inflammatory bowel disease
(ulcerative colitis, Crohn’s disease) are susceptible to thrombosis during the active
stage of the disease in relation to aPL. Up to 10% of patients will develop ischemic
lesions of the central nervous system and embolic events, including peripheral
necrosis [37, 38]. Skin lesions observed in this life-threatening syndrome are livedo
reticularis, acrocyanosis, extensive skin necrosis, palmar erythema, and gangrene
[39].

Treatment

It is hard to predict if the patient who only has a skin lesion will later develop an
extra cutaneous thrombotic event. However, it is worth remembering that 40% of
patients that begin with skin lesions will eventually undergo systemic involvement.
Hence, it is important to consider extensive skin necrosis and digital ischemia as
major thrombotic events; in these cases, patients should receive long-term anticoag-
ulant treatment [40–42]. The approach to minor skin manifestations is less clear. It
is yet to be defined whether platelet antiaggregation is enough or whether it will be
necessary to attempt the use of more aggressive treatments.

Alternative treatments should be developed for patients resistant to standard
approaches [43]. Thrombolytic agents in low dose have been proposed in patients
with skin lesions where the thrombotic events account for the clinical picture (i.e.,
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livedoid vasculitis). Thrombolytic agents not only accomplish the patency of
involved arteries but also play a significant role by increasing microcirculation.

Some patients have been treated with streptokinase or urokinase with or without
heparin with varying degree of responses. The intravenous infusion of recombinant
tissue plasminogen activator at a dose of 20 mg/day diluted in saline solution
during 8 hours for 10 days resulted in the healing of ulcer lesions [44]. Unwanted
effects such as bleeding that might threaten the patient’s life should be considered.
This therapeutic modality should be selected when all the other alternatives have
failed. It is critical to test coagulation status prior to and during infusion; treatment
should be withdrawn as soon as minimum bleeding is noticed [44, 45].

Although anecdotal, the efficacy of sildenafil, a phosphodiesterase inhibitor, in
the treatment of non-healing ulcers has also been reported [46].

Conclusion

aPL are strongly related to thrombotic events. It is the most common acquired
coagulation defect among the ones accountable for procoagulant states.

Skin involvement might be the first manifestation of APS (41%) and over one
third of these patients will develop multisystem thrombotic events during the
course of the disease. Therefore, a close monitoring of these patients is warranted.

References
1. Battagliotti CA. Sindrome de anticuerpos antifosfolipidicos. In: Battagliotti CA, Greca A, et al, eds.

Temas relacionados de terapeutica clinica. Rosario: UNR Editora; 1996:328–334.
2. Alegre VA, Gastineau DA, Winkelmann RK. Skin lesions associated with circulating lupus anticoag-

ulant. Br J Dermatol 1989;120:419–429.
3. Gibson GE, Su WP, Pittelkow MR. Antiphospholipid syndrome and the skin. J Am Acad Dermatol

1997;36:970–982.
4. Tajima C, Suzuki Y, Mizushima Y, Ichikawa Y. Clinical significance of immunoglobulin A antiphos-

pholipid antibodies: possible association with skin manifestations and small vessel vasculitis. J
Rheumatol 1998;25:1730–1736.

5. Eng AM. Cutaneous expressions of antiphospholipid syndromes. Semin Thromb Hemost
1994;20:71–78.

6. Naldi L, Locati F, Marchesi L, et al. Cutaneous manifestations associated with antiphospholipid anti-
bodies in patients with suspected primary antiphospholipid syndrome: a case-control study. Ann
Rheum Dis 1993;52:219–222.

7. Asherson RA, Mayou SC, Merry P, Black MM, Hughes GR. The spectrum of livedo reticularis and
anticardiolipin antibodies. Br J Dermatol 1989;120:215–221.

8. Weinstein C, Miller MH, Axtens R, Buchanan R, Littlejohn GO. Livedo reticularis associated with
increased titers of anticardiolipin antibodies in systemic lupus erythematosus. Arch Dermatol
1987;123:596–600.

9. Niang S, Frances C, Barete S, et al. Dermatologic manifestations of the antiphospholipid syndrome
[abstract]. Arthritis Rheum 2003;48:S879.

10. Sneddon IB. Cerebro-vascular lesions and livedo reticularis. Br J Dermatol 1965;77:180–185.
11. Martinez Hernandez PL, Lopez Guzman A, Espinosa Arranz E, Monereo Alonso A, Arnalich

Fernandez F. Sindrome de Sneddon: valor diagnostico de los anticuerpos antifosfolipidicos. Rev Clin
Esp 1991;189:272–274.

12. Tourbah A, Piette JC, Iba-Zizen MT, Lyon-Caen O, Godeau P, Frances C. The natural course of cere-
bral lesions in Sneddon syndrome. Arch Neurol 1997;54:53–60.

13. Stephens CJ. Sneddon’s syndrome. Clin Exp Rheumatol 1992;10:489–492.

96 Hughes Syndrome



14. Macario F, Macario MC, Ferro A, Goncalves F, Campos M, Marques A. Sneddon’s syndrome: a vas-
cular systemic disease with kidney involvement? Nephron 1997;75:94–97.

15. Ohtani H, Imai H, Yasuda T, et al. A combination of livedo racemosa, occlusion of cerebral blood
vessels, and nephropathy: kidney involvement in Sneddon’s syndrome. Am J Kidney Dis
1995;26:511–515.

16. Grattan CE, Burton JL. Antiphospholipid syndrome and cutaneous vasoocclusive disorders. Semin
Dermatol 1991;10:152–159.

17. Reyes E, Alarcon-Segovia D. Leg ulcers in the primary antiphospholipid syndrome. Report of a case
with a peculiar proliferative small vessel vasculopathy. Clin Exp Rheumatol 1991;9:63–66.

18. Grob JJ, Bonerandi JJ. Cutaneous manifestations associated with the presence of the lupus anticoag-
ulant. A report of two cases and a review of the literature. J Am Acad Dermatol 1986;15:211–219.

19. Schmid MH, Hary C, Marstaller B, Konz B, Wendtner CM. Pyoderma gangrenosum associated with
the secondary antiphospholipid syndrome. Eur J Dermatol 1998;8:45–47.

20. Chacek S, MacGregor-Gooch J, Halabe-Cherem J, Nellen-Hummel H, Quinones-Galvan A. Pyoderma
gangrenosum and extensive caval thrombosis associated with the antiphospholipid syndrome – a
case report. Angiology 1998;49:157–160.

21. Bard JW, Winkelmann RK. Livedo vasculitis. Segmental hyalinizing vasculitis of the dermis. Arch
Dermatol 1967;96:489–499.

22. Leroux B, Baron E, Garrido G, Alonso A, Bergero A, Fernandez-Bussy R. Vasculitis livedoide: nuestra
experiencia. Dermatol Argent 1998;2:121–126.

23. Winkelmann RK, Schroeter AL, Kierland RR, Ryan TM. Clinical studies of livedoid vasculitis: (seg-
mental hyalinizing vasculitis). Mayo Clin Proc 1974;49:746–750.

24. Kern AB. Atrophie blanche. Report of two patients treated with aspirin and dipyridamole. J Am Acad
Dermatol 1982;6:1048–1053.

25. Stephansson EA, Niemi KM, Jouhikainen T, Vaarala O, Palosuo T. Lupus anticoagulant and the skin.
A longterm follow-up study of SLE patients with special reference to histopathological findings. Acta
Derm Venereol 1991;71:416–422.

26. Hassan ML, Di Fabio NA, Martinez Aquino E, Schroh R, Kien C, Magnin PH. Vasculitis livedoide.
Estudio clinico, histopatologico y laboratorial de 10 casos. Rev Arg Dermatol 1987;68:311–319.

27. Hughes GR. The Prosser-White oration 1983. Connective tissue disease and the skin. Clin Exp
Dermatol 1984;9:535–544.

28. Paira S, Roverano S, Zunino A, Oliva ME, Bertolaccini ML. Extensive cutaneous necrosis associated
with anticardiolipin antibodies. J Rheumatol 1999;26:1197–1200.

29. Dodd HJ, Sarkany I, O’Shaughnessy D. Widespread cutaneous necrosis associated with the lupus
anticoagulant. Clin Exp Dermatol 1985;10:581–586.

30. Asherson RA, Jacobelli S, Rosenberg H, McKee P, Hughes GR. Skin nodules and macules resembling
vasculitis in the antiphospholipid syndrome – a report of two cases. Clin Exp Dermatol
1992;17:266–269.

31. Frances C, Piette JC, Saada V, et al. Multiple subungual splinter hemorrhages in the antiphospholipid
syndrome: a report of five cases and review of the literature. Lupus 1994;3:123–128.

32. Frances C, Piette JC. Antiphospholipid antibody syndrome (Hughes’ syndrome). Dermatol Ther
2001;14:117–125.

33. Hodak E, Feuerman H, Molad Y, Monselise Y, David M. Primary anetoderma: a cutaneous sign of
antiphospholipid antibodies. Lupus 2003;12:564–568.

34. Disdier P, Harle JR, Andrac L, et al. Primary anetoderma associated with the antiphospholipid syn-
drome. J Am Acad Dermatol 1994;30:133–134.

35. Stephansson EA, Niemi KM. Antiphospholipid antibodies and anetoderma: are they associated?
Dermatology 1995;191:204–209.

36. Alegre VA, Winkelmann RK. Histopathologic and immunofluorescence study of skin lesions associ-
ated with circulating lupus anticoagulant. J Am Acad Dermatol 1988;19:117–124.

37. Martinovic Z, Perisic K, Pejnovic N, Lukacevic S, Rabrenovic L, Petrovic M. Antiphospholipid anti-
bodies in inflammatory bowel diseases. Vojnosanit Pregl 1998;55:47–49.

38. Mevorach D, Goldberg Y, Gomori JM, Rachmilewitz D. Antiphospholipid syndrome manifested by
ischemic stroke in a patient with Crohn’s disease. J Clin Gastroenterol 1996;22:141–143.

39. Asherson RA, Cervera R, Piette JC, et al. Catastrophic antiphospholipid syndrome. Clinical and labo-
ratory features of 50 patients. Medicine (Baltimore) 1998;77:195–207.

40. Lockshin MD. Which patients with antiphospholipid antibody should be treated and how? Rheum
Dis Clin North Am 1993;19:235–247.

41. Derksen RH, de Groot PG, Kater L, Nieuwenhuis HK. Patients with antiphospholipid antibodies and
venous thrombosis should receive long term anticoagulant treatment. Ann Rheum Dis 1993;52:689–692.

Skin Manifestations of Antiphospholipid Syndrome 97



42. Khamashta MA, Cuadrado MJ, Mujic F, Taub NA, Hunt BJ, Hughes GR. The management of throm-
bosis in the antiphospholipid-antibody syndrome. N Engl J Med 1995;332:993–997.

43. Curwin J, Jang IK, Fuster V. Expanded use of thrombolytic therapy. Mayo Clin Proc
1992;67:1004–1005.

44. Gertner E, Lie JT. Systemic therapy with fibrinolytic agents and heparin for recalcitrant nonhealing
cutaneous ulcer in the antiphospholipid syndrome. J Rheumatol 1994;21:2159–2161.

45. Klein KL, Pittelkow MR. Tissue plasminogen activator for treatment of livedoid vasculitis. Mayo Clin
Proc 1992;67:923–933.

46. Gertner E. Treatment with sildenafil for the healing of refractory skin ulcerations in the antiphos-
pholipid syndrome. Lupus 2003;12:133–135.

98 Hughes Syndrome



9 Kidney Disease in Antiphospholipid Syndrome
Mary-Carmen Amigo and Romeo García-Torres

Even though the kidney is a major target organ in antiphospholipid syndrome
(APS), until recently the renal manifestations associated with antiphospholipid
antibodies (aPL) have received scarce attention. This can be explained because APS
was first described in patients with systemic lupus erythematosus (SLE) and such
research studies were focused on the immune-complex–mediated glomerulonephri-
tis rather than renal vascular lesions that could be secondary. In addition, because
of the frequent occurrence of thrombocytopenia and systemic hypertension, renal
biopsy in APS patients would often be considered a high-risk procedure to be dis-
couraged if not formally contraindicated [1].

Nevertheless, knowledge about renal vascular involvement in APS has slowly
acquired a critical mass and it is now clear that large vessels, both arterial and
venous, as well as the intraparenchymatous arteries and microvasculature may all
be affected, with the clinical consequences shown in Table 9.1.

Renal Artery Lesions

Large- and medium-size vessel occlusion has been associated with APS in the
context of SLE as well as in its primary form [2, 3].
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Table 9.1. Renal vascular involvement in antiphospholipid syndrome.

Vascular lesion Clinical consequences

Renal artery lesions: (trunk or main branches) Renovascular hypertension (severe)
Thrombosis/occlusion/stenosis? Renal infarcts (silent, painful, hematuria) 

Glomerular capillary thrombosis leading to Increased likelihood of renal insufficiency
glomerular sclerosis (studied mainly in SLE)

Renal thrombotic microangiopathy (glomerular Systemic hypertension (usually severe)
capillaries, afferent arterioles, and interlobular Renal failure (mild to end stage), 
arteries) with/without focal or difuse necrosis Proteinuria (mild to nephrotic range)
(cortical necrosis) Cortical atrophy

Renal vein thrombosis (unilateral or bilateral) Renal failure (if bilateral compromise) 



Renal artery occlusion/stenosis has been reported in patients with positive assays
for aPL. Some of these patients had autoimmune rheumatic conditions, mainly SLE,
while others had the primary APS (PAPS).

An early observation by Ostuni et al [4] described a 13 year-old girl with SLE and
severe systemic hypertension. Bilateral renal artery stenosis/thrombosis resulted in
a poorly perfused kidney and cortical irregularities were present in the contralateral
kidney. Hernández et al [5] reported on a young woman with sudden, severe hyper-
tension and a renal infarction who, 14 years later, developed SLE. Asherson et al [6]
described a young man with PAPS, arterial hypertension, and a right renal artery
stenosis with renal infarction which was thought to be caused by thrombotic occlu-
sion. Ames et al [7] reported an instance of bilateral renal artery occlusion in a
patient with PAPS and an unclear systemic disease. Of major interest is a paper by
Rossi et al [8] reporting 2 cases of renovascular hypertension with renal artery
stenosis and suggesting a pathogenetic link between renal artery stenosis, thrombo-
sis, fibromuscular dysplasia, and aPL. Similar considerations were independently
made by Mandreoli and coworkers [9, 10]. Particularly interesting is a report by
Poux et al [11] on an athletic 35- year-old man with PAPS who suddenly developed
arterial hypertension and a left renal infarction. Angiographic studies revealed com-
plete thrombosis of the aorta below the renal arteries plus an extensive colateral
circulation arising from the superior mesenteric artery. More recently, several cases
of renal artery stenosis, mainly in young patients with PAPS, have been reported.
These consistent findings confirm that this syndrome may be a significant cause of
renal artery stenosis [12–14].

In the presence of aPL, renal infarctions result from partial or total, transient or
permanent occlusion of renal arteries [4, 5, 8, 9, 15, 16]. Such occlusion may be
caused by diverse mechanisms such as in situ thrombosis/stenosis of a renal artery
or an embolic event originating on a verrucous cardiac valve. In still other cases the
cause of a renal infarction was not found [17].

Clinically, severe systemic hypertension, pain in the renal area, hematuria, and
renal failure are common forms of presentation of major vessel involvement in
PAPS. As commented by Hughes et al [18], arterial hypertension may be labile in
early disease. Occasionally, a silent infarct is fortuitously discovered on computed
tomography (CT). It cannot be overemphasized that in cases of renal artery stenosis
of unknown origin, APS must be excluded. Renal scintigraphy and selective renal
angiography are useful procedures to confirm diagnosis and determine the extent of
damage.

Successful treatment with antihypertensive drugs [8, 15], aspirin [16], anticoagu-
lant therapy [4, 7, 9, 15] as well as transluminal angioplasty [6, 12, 13] has been
reported. Nephrectomy, with subsequent normalization of blood pressure and sec-
ondary aldosteronism, was performed in 1 patient because the kidney was seriously
and irreversibly damaged [14]. However, adverse outcomes may occur [5]. The
sooner an arterial lesion causing arterial hypertension is relieved, the likelier a suc-
cessful outcome.

Glomerular Capillary Thrombosis

Hyaline thrombi have been described in patients with active, usually proliferative
lupus nephritis. The prevalence and significance of this finding have been carefully
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studied by Kant et al [19] and Glueck et al [20]. They found an overall rate of capil-
lary thrombosis of near 50% in cases of proliferative glomerulonephritis, including
78% in patients with detectable lupus anticoagulant (LA) and only 38% in those
without. The presence of glomerular thrombi in the initial biopsy was a strong pre-
dictor of glomerular sclerosis. Other studies have not shown an association between
aPL and prognosis in lupus nephritis [21–23]. However, Moroni et al recently docu-
mented the impact of aPL in 111 patients with lupus nephritis followed up for a
mean of 173 ± 100 months. A strong association between aPL and the development
of chronic renal insufficiency in the long term was found. With multivariate analy-
sis, aPL positivity, high plasma creatinine level at presentation, and chronicity index
were independent predictors of chronic renal function deterioration [24]. With
these data, one should keep in mind that the detection of aPL in patients with lupus
nephritis is useful not only to identify patients at risk for vascular and obstetric
manifestations, but also for their potential deleterious impact on renal outcome.

Intra-renal Vascular Lesions

Thrombotic Microangiopathy

The association of the distinctive lesion known as thrombotic microangiopathy
(TMA) with aPL was initially described in patients with SLE [25–27]. In another
clinical setting, Kincaid-Smith and coworkers [28] showed acute or healed TMA in
22 biopsies obtained in 12 patients with LA and pregnancy-related renal failure.
Subsequently, isolated cases of TMA in patients with PAPS were reported [29, 30].
In 1992, at a time in which some still doubted about the very existence of primary
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Figure 9.1. Severe and advanced glomerular thrombotic microangiopathy. Capillary lumina are occluded by
severe mesangiolysis and deposition of heterogeneous subendothelial material, leading to a segmental “double
contour” aspect (PAS).



PAPS, we had the opportunity to study 5 patients who had renal disease and arterial
hypertension among 20 consecutive patients with PAPS [31]. Mild renal failure was
present in 3 patients while 2 had end-stage renal failure requiring hemodyalisis.
Proteinuria in the mild-to-nephrotic range was also present. Biopsy findings in all 5
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Figure 9.2. A small arteriole with a recent, almost occlusive, partially laminated thrombus. Some complete and
fragmented white and red cells are seen (hematoxylin/eosin).

Figure 9.3. Chronic cortical lesions. There are obsolescent sclerotic glomeruli and a hypoperfused glomerulus
with a wide Bowman´s space and retracted capillaries. On one of its sides there is a small arteriole with a
recanalized thrombus and two lumina. On the other side there are two completely occluded arterioles showing
thrombosis, recanalization, and refibrosis. A tortuous arteriole with slightly cellular subendothelial fibrosis is
also seen (PAS).



patients were consistent with TMA . Some biopsies showed diffuse damage while
others had only focal parenchymatous lesions. Microangiopathy involved both the
vascular tree and the glomerular tufts (Fig. 9.1).

Recent and recanalized thrombi were observed (Figs. 9.2 and 9.3), as if acute
lesions were superimposed on the chronic, healed damage (Table 9.2). Ultra-estruc-
tural studies showed electron lucent subendothelial deposits and ischemic obsoles-
cence of glomeruli in absence of histologic and immunohistochemical findings
suggestive of SLE. We concluded that in PAPS, depending on the degree and exten-
sion of damage, patients could have isolated hypertension, severe proteinuria, and
renal failure including cortical necrosis. In chronic cases, fibrosis and focal atrophy
could be found as well as arterial and arteriolar fibromuscular hyperplasia [Figs. 9.4
and 9.5).

Subsequent isolated cases or small series have confirmed our findings [32–34].
Recently, it has been emphasized that APS should be considered in the differential
diagnosis of systemic hypertension and that APS-related TMA may cause isolated
hypertension without significant renal impairment [35]. TMA is the characteristic
histologic lesion of the microvasculature in PAPS-related nephropathy. A non-
inflammatory vasculopathy with or without thrombosis (the “APS vasculopathy”) is
a common finding in larger vessels. Of course, TMA is not pathognomonic of PAPS,
as there is a wide range of conditions that present the same histological appearance
(Table 9.3). Nochy et al [36] have confirmed our initial observations on glomerular
and interlobular arteriolar lesions, and, in addition, have emphasized the common
presence of focal cortical atrophy (Fig. 9.6).

Finally, other types of renal involvement, including membranous glomeru-
lonephritis, IgA nephropathy, pauci-immune crescentic glomerulonephritis,
glomerulonephritis with isolated C3 mesangial deposits, focal segmental glomeru-
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Table 9.2. Primary antiphospholipid syndrome–associated nephropathy: main histologic features.

Acute lesions Chronic lesions

Glomerular Glomerular
Mesangial expansion Basement membrane thickening
Mesangiolysis Cellular vanishing
Glomerular capillary colapse Glomerular tuft retraction
Basement membrane wrinkling Bowman’s space widening
“Double contours” with mesangial interposition Ischemic obsolescence 
Translucent subendothelial deposits Segmental or global glomerular sclerosis
Intracapillary thrombi 
Thrombotic/hemorrhagic infarction

Arterioles Arterioles 
Recent occlusive thrombi Mural organized thrombi
Laminar thrombi Recanalizing occlusive thrombi
Endothelial edema/degeneration Microaneurisms
Subendothelial mucoid edema Plexiform lesions
Necrosis Subendothelial fibrosis

Concentric and muscular hyperplasia
Myofibroblastic proliferation
Diffuse fibrosis

TMA with/without focal necrosis Ischaemic atrophy



losclerosis and, vasculitis, associated with aPL or with APS, but without SLE, have
been published [37–39]. It is unclear, however, whether in addition to thrombosis,
other mechanisms could also contribute to the pathogenesis of APS nephropathy.
There is evidence that aCL recognize β2-glycoprotein I (β2-GPI) on the endothelial
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Figure 9.4. Typical histology of an interlobular arteriole which is almost occluded by a slightly cellular mucoid
material. The lumen is distorted and the muscular media is partially destroyed and fibrotic. There is interstitial
fibrosis with a moderate inflammatory infiltration. A dilated tubule containing hyaline material is seen (Masson).

Figure 9.5. Chronic stage of an intraparenchymatous renal artery. Slight medial hyperplasia, fractures of the
internal elastica, severe subendothelial fibrosis, myofibroblastic proliferation, and a drastic reduction of the
lumen (Masson).



cell membrane, leading to increased expression of adhesion molecules and
increased adhesion of monocytes on endothelial cell surface [40]. These events
could perhaps explain the inflammation found in some of these uncommon cases.

Cortical Renal Ischemia

Occlusion of small isolated parenchymatous renal vessels gives rise to small foci of
cortical necrosis. These are generally asymptomatic; however, if they are multiple or
generalized they may lead to patchy or diffuse cortical necrosis as described in the
catastrophic APS [41]. These cases feature oligo/anuria, severe hypertension, and fre-
quently have a fatal outcome. Some patients eventually recover, leaving a variable
degree of renal impairment expressing cortical ischemia. Isolated cases and series of
patients with cortical renal ischemia and aPL have been published [17, 35, 42, 43]. One
of the first reported cases [42] was a 27-year-old man with coronary occlusion, arterial
hypertension, thrombophlebitis, atrial thrombus, and positive aPL. An abdominal CT
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Table 9.3. Some conditions that associate with TMA.

Thrombotic thrombocytopenic purpura
Haemolytic uraemic syndrome
Post-partum renal failure
Pre-eclampsia/eclampsia
Scleroderma
Malignant arterial hypertension
Oral contraceptives
Renal transplantation / allograft rejection
Cyclosporine A toxicity
Chemotherapy

Figure 9.6. Focal cortical atrophy. There are ischemic glomeruli, an arteriole with “onion skin” hyperplasia of the
media, and a “pin point” lumen, generalized tubular atrophy with early dilation in one, and interstitial fibrosis
(Masson).



scan revealed cortex hypodensity in both kidneys. Renal biopsy showed diffuse inter-
stitial fibrosis, mononuclear infiltration, sclerotic and ischemic glomeruli, and nega-
tive immunofluorescence studies. These findings suggested cortical sclerosis and
atrophy as sequelae from old cortical necrosis. In this patient, aside from arterial
hypertension, there were no additional clinical evidences of renal damage.

Cacoub’s series of 5 cases [17] included patients with sudden presentation of
malignant hypertension. While large renal vessels were patent on angiography,
renal biopsy revealed glomerular ischemia, interstitial fibrosis, tubular atrophy, and
vascular sclerosis with thrombosis. There was no vasculitis and immunofluores-
cence studies were negative. Four of these patients did well and 1 died, probably as a
result of a catastrophic syndrome.

Pérez et al [43] reported on a man with PAPS and multi-organ arterial and
venous thrombosis, seemingly a catastrophic syndrome. This patient had a 2-cm
renal cortical infarction and multiple petechiae in the renal cortex. At autopsy, an
organizing interlobular vein thrombus plus microthrombi in the microvasculature
of the medulla were found. This case illustrates medium- and small-vessel thrombo-
sis affecting the intra- and extra-renal vasculature.

From the above observations, it may be concluded that cortical renal ischemia
(Fig. 9.6) is a well-defined clinico-pathologic entity in patients with APS. The lesion

may recover ad integrum or it may leave a variable impairment of renal function.
An additional presentation of renal cortical ischemia was described by Leaker et

al [44]. This is an insidious, slowly progressive nephropathy that causes renal failure
in the long term. Clinically, patients have arterial hypertension, mild proteinuria,
and a slowly progressive renal failure.

In a recent multicenter study, Nochy et al [36] reported 16 patients with PAPS fol-
lowed for at least 5 years, all of whom had renal biopsy. In all patients there were
small vessel vaso-occlussive lesions and focal cortical atrophy was present in 10.

Renal Vein Thrombosis

The main renal vein, as well as minor veins, may thrombose in APS. Asherson [45]
first described the association between aPL and renal vein thrombosis in 2 cases of
SLE with proliferative nephritis and nephrotic syndrome. An interesting study by
Glueck et al [20] demonstrated renal vein thrombosis in 3 of 18 SLE patients with
LA, compared with none in the 59 LA-negative patients without. Liano et al [46]
described a man with SLE, LA, and end-stage renal disease who received a renal
transplant. Nineteen months after transplantation, thrombosis of the graft’s renal
vein occurred and autopsy showed membranous glomerulonephritis.

Isolated cases of renal vein thrombosis have been reported in patients with PAPS
[47], including 1 case with bilateral renal vein thrombosis in the postpartum period
[48].

End-stage Renal Disease (ESRD)

A poorly studied issue is the occasional presence of aPL in patients with ESRD [49].
The information at hand about this interesting finding is incomplete and little more
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can be said about it. Similar considerations apply to the high titers of aCL and posi-
tive LA found in patients undergoing hemodialysis, a setting in which vascular
access thrombosis is very common [50]. Recently, in a study of 97 hemodialysis
patients, Brunet et al [51] found a prevalence of 31% of aPL (LA in 16.5% and aCL
in 15.5%). The presence of aPL was independent of age, time on dialysis, gender,
type of dialytic membrane used, drugs used, or presence of hepatitis B or C. There
was a higher prevalence of aPL when the cause of the ESRD could not be deter-
mined. Analyzing the association between vascular access thrombosis and aPL, they
found a striking correlation with the presence of LA (62% vs. 26%; P = 0.01) but not
with aCL.

Renal Transplantation

Very few studies have addressed the impact of aPL on renal transplantation.
Reports of aPL-related morbidity among SLE transplant patients are limited by

the relatively small number of subjects available for study at any given center.
In the UCSF study, 15.4% of allograft failures were attributed to aPL-associated

events [52].
Radhakrishna et al [53] in a retrospective study of SLE, compared 8 patients with

aCL to 5 patients without, transplanted during the same period. Thrombotic
episodes occurred in 3 patients in the aCL-positive group but none in the aCL-nega-
tive group. Neither of the 2 groups differ in the number of rejection episodes, rate of
graft loss, or renal function at follow up. The authors concluded that patients with
SLE and aCL can be successfully transplanted.

Findings have been quite different in PAPS. Mondragón-Ramírez et al [54]
reported 2 cases of PAPS with renal TMA who underwent renal transplantation and
in whom, despite intensive anticoagulant therapy, the disease relapsed in the graft.
Massive thrombosis in the graft in 1 case [Figs. 9.7 and 9.8) and TMA in the other
suggested recurrence of the disease. We postulated that the surgical procedure plus
endothelial damage, a common feature of allograft rejection, may act synergistically
in amplifying the hypercoagulable state. Both patients also had thrombosis in the
vascular access used for hemodialysis as has been reported by others [49, 50].

In an interesting report by Knight et al [55], a woman with aCL lost a renal allo-
graft in the immediate postoperative period due to renal artery thrombosis. Six
months later she underwent successful re-transplantation under full anticoagula-
tion despite the presence of postoperative bleeding.

Vaidya et al [56] confirmed that patients with APS are at high risk for post-trans-
plant renal thrombosis. Within a group of 78 patients who received renal transplant,
6 had APS. Each of these 6 patients thrombosed their renal allografts within a week
of the transplant. In contrast, the remaining 72 patients were all doing well 1 year
post-transplant. More recently, isolated cases as well as retrospective and prospec-
tive studies have addressed the impact of aPL on renal transplantation. In 1999, a
retrospective study in 96 patients with ESRD quantified the negative impact of aPL
on renal transplantation [57]. In another multicenter study, 502 ESRD patients
awaiting renal transplantation were screened for APS. The potential risks associ-
ated with APS were assessed, and strategies for therapeutic intervention were
reviewed. The conclusion of this study was that patients with APS are at high risk of
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post-transplant renal thrombosis and that anticoagulant therapy could prevent this
complication [58]. Interestingly, the same group of investigators reported their
experience with 9 APS renal-transplant patients. Seven patients were treated with
coumadin, whereas 2 were treated with heparin. Of the 2 patients treated with
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Figure 9.7. Fragment of the transplanted kidney in a female patient with PAPS. The whole vascular tree (from
the intraparenchymatous vessels to the main intrarenal artery and vein) shows recent thrombotic occlusion
(hematoxilin/eosin).

Figure 9.8. This micrograph belongs to the same kidney shown in Figure 7. There is generalized thrombosis of
the microvasculature including glomerular capillaries, afferent arterioles, and interlobular arteries. Generalized
necrosis without inflammatory cell infiltration is also observed (Masson).



heparin, 1 had early allograft loss, whereas the other patient is doing well at 5 years
post-transplant. Of the 7 patients treated with coumadin, 2 are doing well, 2 had
early allograft loss, and the remaining 3 patients returned to dialysis after they were
taken off the coumadin because of bleeding complications. The conclusions of this
study are that anticoagulation therapy is beneficial to some but not all APS renal-
transplant patients and, in addition, bleeding complications are a serious side effect
in this setting [59]. With these data, one should question which patients with APS
should be transplanted and which therapeutic intervention(s) could be used to
avoid a catastrophic outcome.

Concluding Comments

In agreement with Nochy et al [36], we believe the TMA to be the characteristic
nephropathy of PAPS. The lesion may have an abrupt or an insidious onset and
may vary in severity and exent. All vascular structures of the kidney may be affected
including glomeruli, arterioles, and parenchymatous arteries. Acute lesions as they
heal give way to reparative fibrosis and focal atrophy. They are worsened by recur-
rent acute damage. In other cases, the lesion is insidious and slowly progressive,
causing similar focal reparative fibrosis and tissue atrophy, arterial hypertension,
and in some instances ESRD.

In patients with PAPS, renal involvement is probably underestimated. Hopefully,
current knowledge of renal disease in APS will soon permeate all branches of inter-
nal medicine making possible an appropriate diagnosis.
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10 Systemic Hypertension in Antiphospholipid
Syndrome
Shirish R. Sangle and David P. D’Cruz

Introduction

In the original description of antiphospholipid syndrome (APS), Hughes described
a correlation between hypertension and livedo reticularis [1]. Although hyperten-
sion is a recognized and common feature, the literature on hypertension in APS is
surprisingly scanty. The information so far aggregated is mainly based on the renal/
reno-vascular pathology and associated hypertension in the patients with
APS/antiphospholipid antibody (aPL). Indeed, it was suggested that the hyperten-
sion seen in these patients is exclusively renal in origin. Recent studies, however, do
not support this concept as the only explanation for hypertension. In this chapter
we have outlined the possible mechanisms of hypertension in the patients with aPL.

Prevalence of Hypertension in APS and aPL

APS is classified as a primary disorder, primary APS (PAPS), and secondary APS in
association mostly with systemic lupus erythematosus (SLE). Nasssanov et al
described a prevalence of hypertension up to 50% in her series of 28 primary APS
patients [2]. To our knowledge there are no previous studies on the prevalence of
hypertension in primary or secondary APS and /or aPL-positive patients. In our
cohort of 600 patients with aPL, 173 (29%) had definite hypertension requiring
therapy. The prevalence of hypertension in primary APS or aPL-positive patients
was significantly high (44%) as compared to 27 % of secondary APS/aPL-positive
patients. Our patients with APS/aPL were relatively young (median age, 46 years)
and, in contrast with essential hypertension which is more common in Afro-
Caribbean population, most of our patients (greater than 90%) were Caucasian
women [3]. Other risk factors like diabetes and obesity/overweight were present in
less than 10% of these hypertensive patients.

Aetio-pathogenesis

Renal and reno-vascular pathology remains the major cause of hypertension in
APS. Thrombotic microangiopathy (TMA) affecting the kidney has been described

112



in both primary and secondary APS [4] and is reviewed in detail in elsewhere in
this book. The renal impairment due to TMA ranges from mild to end-stage renal
failure and mild-to-nephrotic range proteinuria is also not uncommon. Nochy et al
described renal hypertension as a feature of APS in his patients with TMA [5]. The
severity of hypertension varies from mild labile to severe accelerated hypertension.
Hughes suggested that the labile hypertension seen in these patients fluctuates with
the severity of livedo reticularis [1]. Malignant or accelerated hypertension is also
not uncommonly observed in patients with TMA without any evidence of lupus
nephritis (see Fig. 10.1) [6]. Previously, anecdotal reports of renal artery stenosis
and hypertension in APS/aPL were reported and it is now an established fact that
renal artery stenosis is more frequently seen in APS patients with uncontrolled
hypertension compared to young aPL-negative hypertensives and healthy controls.
The renal artery stenosis seen in these patients appears to be unique to this syn-
drome and is completely different from that seen in atherosclerotic disease and
fibro-muscular dysplasia (see Fig. 10.2) [7]. Although the precise mechanisms are
not clear, the renal artery occlusion may be secondary to thrombosis or possibly
embolization from the cardiac valves. There is also a possibility that endothelin acti-
vation leading to smooth muscle hyperplasia and/or accelerated atherosclerosis are
also pathogenic in renal artery stenosis. It may lead to renal infarcts and acute renal
shut down has also been reported [8–10]. Obviously in patients with SLE, lupus
nephritis may be an additional factor in the development of hypertension in
patients with secondary APS.
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Interestingly, in our cohort of hypertensive APS patients approximately one third
(66/173) had renal involvement either in the form of TMA, renal artery stenosis,
and/or lupus nephritis. Other non-renal risk factors like obesity, patients receiving
high-dose corticosteroids (prednisolone >7.5 mg/day), diabetes mellitus, and
hyperlipidaemia were less than 10% of the patients [3]. This suggests that there are
other non-renal factors responsible for developing hypertension in these relatively
young patients.

There is an established link between accelerated atherosclerosis and aPL [11]. aPL
interacts with oxidized low-density lipoprotein (LDL) and monocytes triggering the
atherosclerotic process (12–14). Atsumi et al has demonstrated that endothelin
levels are raised in arterial occlusion in patients with APS [15]. Our preliminary
studies have shown that inflammatory markers, such as fasting insulin and high
sensitivity C-reactive protein, are elevated in hypertensive APS patients in compari-
son to non-hypertensive APS and healthy controls. This data supports the idea that
accelerated atherosclerosis may be a major factor in the development of hyperten-
sion in APS patients [16].

Livedo reticularis is a term used to explain the violaceous discoloration of the
skin. Sneddon described the relationship between livedo reticularis and cerebro-
vascular accidents [17]. In addition, pregnancy morbidity, arterial and venous
occlusions, and low platelets were also noticed in increased frequency in patients
with livedo and aPL [18]. In our cohort, 80% of hypertensive patients were found to
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have livedo reticularis. Although the precise mechanisms are not clear, it is likely
that the livedo may have a role in the development of hypertension.

Therapy

APS is a pro-thrombotic condition. Thrombotic insult to the kidneys in the form of
TMA and renal artery stenosis are important causes of hypertension in patients
with APS. This brings up the issue of anticoagulation in the patients with hyperten-
sion having renal involvement. Remondino et al described re-canalization of renal
arteries in a hypertensive patient with bilateral renal artery stenosis with APS. At
the end of 2 years on anticoagulation, she did not require hypotensive drugs to
control the blood pressure [19]. Our preliminary studies indicate anticoagulation
[target international normalized ratio (INR) 3.0–4.5] in patients with renal artery
stenosis gives better control of blood pressure and may improve renal function [20].
Although there are no published data on the effect of anticoagulation in TMA, as
with renal artery stenosis, we suggest that anticoagulation may be helpful in these
patients.

In summary, hypertension in APS/aPL-positive patients may develop at a rela-
tively young age and is more common in Caucasian women. The presence of aPL
appears to be a distinct parameter associated with hypertension which may vary
from mild labile hypertension to severe malignant hypertension. Hypertension seen
in these patients is multi-factorial. Although renal pathology, renal artery stenosis,
and/or TMA, are prominent etiological factors, the majority of the patients did not
have any obvious renal pathology. The role of livedo reticularis certainly needs to be
explored. Preliminary studies suggest anticoagulation may have a role in the man-
agement of hypertensive APS patients with renal artery stenosis.
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11 Pulmonary Hypertension and
Antiphospholipid Antibodies
Jean-Charles Piette and Beverley J. Hunt

Pulmonary hypertension (PH) is defined as a mean pulmonary artery pressure
greater than 25 mm Hg [1, 2]. After many years of debate, it is now agreed that PH
can be classified according to three features: anatomical localization of vascular dis-
order, presence or not of any associated disease, and severity, with the magnitude of
reduction of cardiac output as the best predictor survival [1] (Table 11.1). The term
primary pulmonary hypertension (PPH) has been used extensively in literature,
leading to some confusion. PPH usually means that diverse mechanisms have been
ruled out, especially chronic causes of hypoxia, left ventricular failure, and repeated
pulmonary embolism, and that plexogenic arteriopathy can be found on histologi-
cal lung examination. PPH is a rare but life-threatening condition, whose patho-
physiology has remained mysterious for a while. Advances have suggested the
importance of diverse factors, such as: imbalance in vasoactive agents, that is,
deficiency of nitric oxide and prostacyclin synthase versus overexpression of
endothelin-1; vascular endothelial growth factor (VEGF) expression; K+ channel
anomalies; genetic susceptibility; and, last but not least, clonal expansion of
endothelial cells in primary but not secondary PH [2–6]. Though PPH frequently
remains “unexplained,” several comorbid conditions have been identified as possi-
ble etiologies, with human immunodeficiency virus (HIV) infection, prior use of
anorectic agents, and connective tissue diseases (CTD) as leaders [2, 7] (Table 11.1).
Whatever the “cause,” severe PH may be complicated by (a) superimposed in situ
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Table 11.1. Classification of pulmonary hypertension.

Arterial pulmonary hypertension (changes in precapillary arteries)
“Primary” arterial PH
Secondary arterial PH (scleroderma, MCTD and other CTD, congenital heart disease,
portal hypertension, HIV, anorectic agents, cocaine, etc.)
Postcapillary pulmonary hypertension (changes in pulmonary veins)
Left-sided heart failure
Rarely: pulmonary veno-occlusive disease, pulmonary hemangiomatosis, chronic
Sclerosing mediastinitis, congenital pulmonary vein anomaly
Proximal pulmonary artery involvement
Mainly: chronic thromboembolic PH
Rarely: metastatic neoplasm, parasites, miscellaneous emboli
Extrinsic vascular compression
Secondary to all chronic causes of hypoxia



thromboses affecting distal pulmonary arteries [8] and, (b) the development of
plexogenic lesions, both thought to occur as a consequence of chronic endothelial
injury [1, 6]. More recently, infection with human herpes virus 8 has been impli-
cated as having a pathogenic role in the development of plexiform lesions in PPH,
for a study showed the presence of the virus in plexiform lessions [9].

Mutations in the bone morphogenic protein receptor type 2 (BMPR2) have now
been linked to familiar cases of PPH [10]. BMPR2 is an interesting protein to be
implicated so strongly in the pathogenesis of the disease. It is a cell surface receptor
belonging to the superfamily of receptors for ligands of the transforming growth
factors (TGF) β family. How might the BMPR2 mutations account for the disease?
PPH [10] is a disease of vascular remodeling per excellence and BMPs 2 and 7 have
been shown to inhibit vascular smooth muscle cell proliferation and to induce
apoptosis in some cell types in culture. It is thus tempting to suggest that PPH arises
out of an impairment of control of cellular proliferation. The molecular defects in
common non-familial PPH are unknown. Recent studies suggest that these forms of
PPH are linked by defects in the signaling pathways involving angiopoietin-1 TIE2,
BMPR1A, and BMPR2 [11], fitting in with the hypothesis that there may be
impaired cellular proliferation in PPH.

This chapter will give a brief overview of PH within antiphospholipid syndrome
(APS), question the possible role of antiphospholipid antibodies (aPL) in the patho-
physiology of “unexplained” PPH and thromboembolic pulmonary hypertension,
and then discuss practical aspects of the management.

Pulmonary Hypertension and APS

APS mainly occurs either in association with systemic lupus erythematosus (SLE),
or as a primary disorder named primary APS [12]. Within these two subsets, the
prevalence of PH has been estimated 1.8% and 3.5%, respectively, in a multicenter
study [13]. In two other large studies performed on SLE patients, the prevalence of
PH was 2% [14] and 5% [15]. Within APS, PH may result from various causes listed
in Table 11.2 [16, 17].
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Table 11.2. Pulmonary hypertension within APS.

APS related
Pulmonary embolism (acute/chronic)
Left-sided heart failure
Heart valve dysfunction
Myocardial infarction
Myocardiopathy
“Primary” pulmonary hypertension (?)
Miscellaneous (rare)
Portal hypertension
Pulmonary veno-occlusive disease

Not directly APS-related
Chest disorder leading to chronic hypoxia
Mainly fibrosing alveolitis
Coincidental



Pulmonary embolism is assumed to be the leading cause of PH in APS. Due to the
frequent mixing of the terms pulmonary embolism with deep venous thrombosis in
articles, its frequency cannot be precisely determined, but it ranged from 17% to
33% in three non-purely obstetrical APS series [13, 18, 19], and seemed to be similar
in SLE-related and in primary APS: 21% versus 24%, respectively [13]. Although
“catastrophic” APS is characterized by widespread microvascular involvement, 8 of
50 patients had multiple pulmonary emboli in a recent series [20]. Pulmonary
embolism approximately occurs in one third of APS patients with deep venous
thrombosis [21]. It may originate from nearly all sites, including inferior vena cava
and/or renal vein thrombosis [22], tricuspid valve vegetations [23], or right-sided
intracardiac thrombosis [24, 25]. The latter site underlines the need to systemati-
cally perform an echocardiography in all patients with APS and pulmonary
embolism. The presence of anticardiolipin antibodies (aCL) has been shown to be
associated with the further occurrence of deep venous thrombosis/pulmonary
embolism in a cohort of healthy males [26]. Among patients with a first episode of
“idiopathic” venous thromboembolism, the presence of aCL [27] or of a lupus anti-
coagulant (LA) [28] was significantly associated with recurrences. Permanent PH
may be found in patients with SLE-related or primary APS and pulmonary
embolism [15, 29–31], sometimes as the presenting manifestation [32], but its
occurrence has not yet been quantified by prospective studies. It is probably higher
than the estimated 0.1% prevalence seen after acute pulmonary embolism in the
general population [30]. Fatalities may result from embolic recurrences [19, 29, 33],
and pulmonary embolism was responsible for 4% of 222 deaths in a collaborative
study on SLE [34].

The diverse causes of left-sided heart failure leading to PH being discussed in
another part of this book will be briefly summarized. Heart valve dysfunction is a
frequent feature of SLE-related and primary APS [35–37]. It mainly affects the
mitral, then the aortic valve, and features as valve incompetence or incompetence
plus stenosis, rarely as stenosis alone. Echocardiogram usually shows diffuse valve
thickening and rigidity, whereas nodular masses are less frequent. These valve
lesions may lead over years to significant hemodynamic intolerance [38], and
though frank improvement has been reported in some cases under steroid treat-
ment [39], surgical replacement or repair may be necessary [38, 40]. Despite the
recent finding of subendothelial aCL deposits [37], the pathophysiology of these
valve lesions remains poorly understood. Myocardial infarction is a well-established
manifestation of the APS [41], and the presence of antiphospholipid antibodies
(aPL) must be looked for, especially when it occurs in patients aged less than 50
years. Diffuse myocardiopathy thought to result from distal microthromboses may
occur, especially within “catastrophic” APS [20, 42, 43]. Myocardial dysfunction
may also be the consequence of systemic hypertension resulting from thrombosis
affecting renal vessels.

Other mechanisms leading to PH, such as portal hypertension [44] or pulmonary
veno-occlusive disease [45], are occasionally encountered within APS.

There has been increased interest recently in chronic thromboembolic pul-
monary hypertension (CTPH), for it was considered a relatively rare complication
of pulmonary embolism but was associated with considerable morbidity and mor-
tality. A paper by Pengo et al has suggested that it is in fact a relatively common,
serious complication of pulmonary embolism, with cumulative incidences of
symptomatic chronic thromboembolic pulmonary hypertension being 1% (95%
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confidence interval (CI), 0.0–2.4) at 6 months, 3.1% (95% CI, 0.7–5.5) at 1 year, and
3.8% (95% CI, 1.1–6.5) at 2 years. The risks were greatest for those with more than
one episode of pulmonary embolism, younger age, a larger perfusion defect, and
idiopathic pulmonary embolism at presentation [46]. In patients with CTPH,
thromboemboli do not resolve, but rather form endothelialized, fibrotic obstruc-
tions of the pulmonary vascular bed, including the major branches. aPL are
detected in 30% of such patients [47]. Making an accurate diagnosis of CTPH
requires collaboration among experienced cardiologists, respiratory physicians,
cardiothoracic surgeons, and intensive care physicians. There are about 20 CTPH
centers worldwide, where these patients are treated surgically. Jamieson pioneered
the original technique from San Diego, where they have now treated 2000 patients
surgically [48]. Pulmonary thromboendarterectomy is a classical bilateral
endarterectomy in which the thrombus and adjacent medial layer are carefully dis-
sected with dedicated surgical instruments. This is now the procedure of choice for
CTPH, if available, although the perioperative mortality is not inconsiderable. It can
result in an improvement of symptoms and reduction in pulmonary artery pres-
sure that is unprecedented, including vasodilators, lung transplantation, balloon
atrial septostomy, and balloon pulmonary angioplasty. One author’s experience
(BJH) with a patient with PAPS who underwent this operation, reduced the pul-
monary artery pressure from over 100 mm Hg to normal levels and a change from
constant dyspnoea and right heart failure to normality.

“Primary” Pulmonary Hypertension and aPL

Data concerning the “heart of the topic” remain scarce. PH is known for years to
occur in association with CTD, mainly mixed connective tissue disease (MCTD) and
scleroderma, especially in the Calcinosis, Raynaud’s, esophageal dysmotility, sclero-
dactyly, telangiectasia (CREST) variety [2]. Within this setting, PH may complicate
the course of chronic interstitial lung disease leading to pulmonary fibrosis, or
occur in its absence, then featuring as “primary” PH. aCL are frequently found in
these diverse CTD [49], but interestingly it has been recently shown that the only
autoantibodies that were specifically associated with PH-related deaths in a long-
term study of patients with MCTD were IgG aCL [50]. None of these aCL-positive
patients had thromboembolic manifestations. However, in this study, pulmonary
involvement was statistically associated with PH, though the 4 autopsied patients
had little or no interstitial fibrosis [50].

Concerning SLE, the relationship between PH and aPL was first suspected as early
as 1983 [51]. The same group reported in 1990 an extended study on 24 patients with
PH, of whom 22 had SLE [15]. Two had thromboembolic PH and 1 with SLE–sclero-
derma overlap had pulmonary fibrosis. In the others, PH was said to resemble PPH,
that is, “with clear lung fields and no overt clinical evidence of pulmonary throm-
boembolism,” and it was prudently suggested that the higher than expected preva-
lence of aPL (68%) observed in the whole group might be relevant to the
pathogenesis of SLE-related PH [15]. Raynaud’s phenomenon was also highly preva-
lent among these 24 patients. However, due to the absence of systematically per-
formed pulmonary angiograms/nuclear perfusion scans, this study carries several
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limitations concerning the classification of PH as “primary” in most of patients.
Subsequent data came from the Mexican group directed by Alarcon-Segovia. In a
prospective analysis of 500 consecutive patients with SLE, these authors reported
that PH was statistically associated with the presence of IgA aCL above 2 standard
deviations (SD), whereas results were neither significant for higher IgA titers nor for
IgG, IgM, or any aCL isotype [52]. An extended study performed on 667 SLE patients
confirmed the association of PH with aPL, but the criteria used were not precisely
defined [14]. Subsequently, Alarcon-Segovia proposed to delete PH and transverse
myelitis from criteria for “definite” APS, due to their rare occurrence [53]. Sturfelt et
al also found an increased frequency of aCL in SLE patients with mild HT [54]. On
the other hand, Petri et al found no association between aPL and PH in a short series
of 60 patients with SLE [55], and Miyata et al were unable to correlate aCL titer and
the mean pulmonary artery pressure in 10 SLE patients, whereas a significant corre-
lation was present in 12 patients with MCTD [56]. PH has also been reported in
patients with aPL and either Sjögren syndrome [57] or anticentromere antibodies
[58], but in both cases, it was probably due to thromboembolism.

Several cases of PPH complicating primary APS have been described or men-
tioned [18, 59–62]. Despite the anatomical demonstration of plexogenic lesions
[59], the diagnosis of PPH has been debated in the patient reported by Luchi et al,
due to the coexistence of a large thrombus in the right main pulmonary artery [30].
In a multicenter study of 70 patients with primary APS, PH was present in 2, throm-
boembolic in 1 and suggestive of PPH in the other, to compare with 18 patients in
the series who had pulmonary embolism [18].

The alternative way to investigate the potential role of aPL in PPH is to study
aPL prevalence in large series of consecutive patients with “unexplained” PPH.
Similar studies have shown that diverse autoantibodies, namely antinuclear [62]
and anti-Ku antibodies [63] are frequently found in this setting. In the group of 30
patients with idiopathic (without SLE) PPH studied by Asherson et al, 4 had aPL,
that is, LA in 2 and low IgG aCL in 3 [15]. None of the 31 patients with PPH
reported by Isern et al had aCL above mean + 5 SD [63]. Martinuzzo et al recently
studied 54 consecutive patients with PH: 23 with primary PH, 20 with secondary
PH (mainly congenital heart diseases, CTD, or pulmonary disorders), and 11 with
CTph [64]. The latter group was characterized by a strikingly higher prevalence of
LA and IgG antibodies directed to cardiolipin, β2-glycoprotein I, and prothrom-
bin, whereas both primary and secondary PH patients usually had negative or low-
positive tests. Similarly, in a recent study, high aPL were much more prevalent in
thromboembolic PH compared to PPH [65]. Among 216 patients referred for a
possible surgical treatment of CTph, Auger et al found positive LA in 10.6%, of
whom none had SLE, but aCL were not determined [66]. Conversely, Karmochkine
et al reported the presence of aPL in 4 of 9 patients with “unexplained” PPH, but
also in 7 of 29 patients with precapillary PH secondary to diverse causes, whereas
the 8 patients with postcapillary PH were all aPL negative [67]. This raises the
central question of the true nature of aPL, that is, cause or consequence? Keeping
in mind that all forms of severe PH may be complicated by superimposed in situ
thromboses [8], a risk exists to categorize as Definite APS [68] some patients with
PH due to other causes. This theoretical risk is illustrated by the example of PH
associated with HIV infection, given that aCL of questionable pathogenic
significance are frequently present in this condition [69].
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Finally, the possible role of aPL in the pathophysiology of “unexplained” PPH
remains unclear to date. Consideration of the mechanisms potentially involved are
therefore highly speculative. It seems unlikely that the “classical” thrombogenic
properties of aPL are initially involved in the diffuse process leading to PPH. Other
explanations could imply a role for activated platelets or for an interaction between
aPL and endothelial cells of pulmonary arteries, leading to vascular remodeling.
Similar mechanisms may also be proposed to explain the development of aPL-
associated heart valve thickening. The occurrence of these peculiar lesions in some
but not all patients might result from a double heterogeneity, that is, that of aPL and
of endothelial cells. In vitro studies using aPL from patients with distinct vascular
manifestations and focusing on the interaction of aPL with endothelial cells origi-
nated from various sites might help to solve this question. Another point that
deserves comment is the possible implication of endothelin-1, a peptide known to
induce a strong vasoconstriction and to stimulate the proliferation of vascular
muscle cells. High levels of endothelin-1 have been found on the one hand in both
plasma and lung tissue of patients with PPH [70], and on the other hand, in plasma
of APS patients with systemic arterial thrombosis [71]. It would then be interesting
to study plasma endothelin-1 levels of patients with “unexplained” PPH, according
to the presence, or not, of aPL. Beside aPL but in keeping with endothelin-1, anti-
endothelial cell antibodies might also be involved in the pathogenesis of SLE-asso-
ciated non-thromboembolic PH [72, 73].

Practical Management

Evaluation includes careful personal and familial history, complete physical exami-
nation, electrocardiogram, chest X-ray, transesophageal echocardiogram, pulmonary
function tests with arterial blood gas tension and additional sleep studies when sleep
apnea may be suspected, routine blood tests, liver function tests, complete autoanti-
body screening including aPL determination, HIV serology, and either pulmonary
angiogram or helicoidal chest computerized tomography scan that should be pre-
ferred to ventilation–perfusion isotopic scan. It should be emphasized that CTph
may masquerade as PPH until appropriate imaging studies, as attested by our expe-
rience of several patients referred for severe PPH and possible heart–lung transplan-
tation, who in fact had thromboembolic PH. Within the peculiar setting of
aPL-related manifestations, the need to look for malignancies needs to be under-
lined. Indeed, cancer may present not only as recurrent venous thromboembolic
events [74] sometimes associated with aPL [75–77], but can also masquerade as PPH;
the correct diagnosis of pulmonary tumur microembolism being only made at
necropsy [78]. In this respect, de novo occurrence of aPL-related events should be
regarded cautiously in patients aged 60 or more [79].

Treatment options are conditioned by the mechanism and cause of PH. However,
chronic anticoagulation is needed in all cases, at least to prevent the development of
superimposed thrombosis [3], and this seems especially true for patients with aPL.

When PH results from chronic thromboembolism, inferior vena cava filter may
be recommended [66], and successful thromboenarterectomy has been performed
in some patients with very severe disease [30, 31, 66]. Within this setting, Auger et al
have reported a high incidence of thrombocytopenia induced by unfractionated
heparin in LA-positive patients [66].
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Concerning aPL-related PPH, given the absence of definite management guide-
lines, the following regimens are those used in “unexplained” or CTD-associated
PPH. Beside chronic anticoagulation and oxygen administration, patients are given
vasodilators according to the results of acute drug testing. Calcium channel block-
ers may be sufficient in moderate forms, whereas continuous intravenous prostacy-
clin infusion using a pump is needed in severe cases, where it frequently provides a
substantial benefit but may require sustained upward dosage adjustment [3, 60, 80].
The initiation of this complex and costly procedure is restricted to experienced
centers. Monthly cyclophosphamide infusions have been claimed to be beneficial in
a few reports of CTD-associated PPH [81, 82]. Diverse surgical procedures are
discussed in advanced forms refractory to medical regimens. Atrial septectomy is
used by several teams [3]. Transplantation, either double-lung, single lung, or
heart–lung, may cure the disease [3, 15], but mortality remains high and donors
scarce.

A better understanding of PPH pathophysiology and the development of new
drugs are both needed to improve the prognosis of this rare disorder.
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12 Osteoarticular Manifestations of
Antiphospholipid Syndrome
Maria G. Tektonidou and Haralampos M. Moutsopoulos

Antiphospholipid syndrome (APS) is a multi-system disorder characterized by arte-
rial or venous thrombosis, pregnancy morbidity, and the presence of aPL, namely
anticardiolipin antibodies (aCL) and lupus anticoagulant (LA). The syndrome is
classified as primary or as secondary when it occurs in the context of other autoim-
mune disorders, especially systemic lupus erythematosus (SLE). A plethora of clini-
cal manifestations have been associated with APS, some well recognized and others
less widely known. Osteoarticular manifestations have not been commonly reported
in clinical studies with APS patients, probably because of their uncertain association
with the syndrome. Arthralgias represent the most well-defined osteoarticular fea-
tures of primary and secondary APS, whereas arthritis is mainly described in 
SLE-related APS. Osteonecrosis has been documented in association with antiphos-
pholipid antibodies (aPL) in SLE patients with or without APS, but usually in the
presence of steroid treatment. The existence of osteonecrosis in patients with
primary APS (PAPS), in the absence of steroid administration, suggests an associa-
tion between this disorder and APS.

Osteonecrosis

Osteonecrosis, also known as avascular necrosis or aseptic necrosis, is a disease in
which cell death occurs in the components of bone as a result of interruption of the
blood supply. It is a multi-factorial disorder associated with various traumatic and
non-traumatic conditions and clinical entities (Table 12.1). If the etiology of
osteonecrosis can not be identified, the disease is classified as idiopathic. Despite
new developments in its diagnosis and treatment, the pathogenetic mechanisms of
osteonecrosis remain partially elucidated. The most predominant hypotheses
include the presence of mechanical vascular interruption (caused by trauma, frac-
tures), injury to or pressure on a vessel wall (associated with vasculitis, infection,
radiation, Gaucher disease), vascular embolism (by fat, nitrogen bubbles, sickle
cells), and thrombosis [1].

Osteonecrosis has been associated with autoimmune diseases, including rheuma-
toid arthritis, systemic sclerosis, systemic vasculitis, and, especially, SLE [2–4].
Small vessel vasculitis or thrombotic microvasculopathy associated with aPL have
been suggested as the pathogenetic mechanisms in these disorders.
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APL and Osteonecrosis

Ischemia has been postulated as the predominant mechanism resulting in
osteonecrosis since the first description of the disease [5]. In 1974, Jones et al sug-
gested that intravascular coagulation with fibrin thrombosis, activated by several
factors, is the likely final pathway leading to bone necrosis [6]. The above hypothe-
sis has gained support by numerous studies reporting diverse coagulation abnor-
malities in the patients with osteonecrosis. Idiopathic osteonecrosis of the femoral
head in adults and Legg-Calve-Perthes disease in children has been associated with
several thrombophilic factors including protein C, S, or antithrombin III deficiency,
activated protein C resistance, factor V Leiden, homocysteinemia, and aPL, as well
as with abnormal fibrinolysis [7–11].

aPL are associated with vessel thromboses of all sizes and at multiple organ sites
[12–14]. Thus, these antibodies may play an important role in osteonecrosis devel-
opment, promoting thrombotic vasculopathy in the intraosseous microcirculation.
In some patients with non-traumatic osteonecrosis, histopathologic examinations
have revealed thrombosis of terminal arteries in the subchondral areas [15].
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Table 12.1. Etiologic factors associated with osteonecrosis.

Trauma
Hematologic disorders

Sickle cell disease
Thalassemias
Disseminated intravascular coagulation
Polycythemia
Hemophilia
Clotting disorders

Inherited thrombophilic factors
Protein C deficiency
Protein S deficiency
Antithrombin III deficiency
Factor V Leiden
Homocysteinemia
Dysfibrinogenemia
Tissue plasminogen activator decrease 
Plasminogen activator inhibitor increase

Acquired thrombophilic factors
APL
Nephrotic syndrome
Smoking
Alcohol
Pregnancy
Estrogens
Obesity
Diabetes mellitus
Cushing syndrome
Corticosteroids
Malignancies
Hepatic failure
Hyperlipidemia

Connective tissue diseases
Systemic lupus erythematosus
Antiphospholipid syndrome
Rheumatoid arthritis
Systemic vasculitis
Systemic sclerosis

Cytotoxic agents
Vincristine
Vinblastine
Cisplatin
Bleomycine
Methotrexate
Cyclophosphamide
5-fluorouracil

Infections
Human immunodeficiency virus
Meningococcemia

Metabolic conditions
Gaucher disease
Hyperparathyroidism
Hyperlipidemia
Hemodialysis
Renal transplantation
Diabetes
Gout

Gastrointestinal diseases
Pancreatitis
Inflammatory bowel disease

Others
Radiation therapy
Legg-Calve-Perthes disease
Dysbaric osteonecrosis
Fabry disease



However, histologic studies of the bone necrotic areas in patients with idiopathic
osteonecrosis or in patients with autoimmune disorders are limited.

The presence of aPL has been described in several cases with idiopathic
osteonecrosis of the jaw and femoral head. In a study by Glueck et al, 43 of the 55
patients with idiopathic osteonecrosis had one or more tests positive for throm-
bophilia and/or hypofibrinolysis; 8 out of those patients (33%) were aCL positive
[16]. aPL were also detected in 3 of 16 patients with Kienbock’s disease (3 patients
had aCL and 2 had LA) [17]. Gruppo et al found abnormal serum aCL titers in 18
(33%) of 55 patients with idiopathic alveolar osteonecrosis of the jaw [18].
Korompilias et al noted an increased prevalence of medium and high aCL titres
(37.5%) among 40 patients with non-traumatic hip osteonecrosis (7 with idio-
pathic osteonecrosis). No difference was found in the frequency of aCL between
patients with idiopathic osteonecrosis and those with known risk factors for
osteonecrosis (28.5% vs. 39.4%; P = 0.4) [19]. Jones et al examined 40 patients
with osteonecrosis who had several etiologic associations (SLE, steroid treatment,
heavy alcohol or tobacco), and 5 patients with idiopathic osteonecrosis [20]. They
found that 37 (82%) of the above 45 patients had at least one coagulation factor
abnormality versus 30% of controls (P < 0.0001). Four (80%) of the 5 patients with
idiopathic osteonecrosis had abnormal IgG aCL levels (> 22 GPL). The high fre-
quency of aPL in all the above studies with idiopathic osteonecrosis suggests an
important role for these antibodies in the pathogenesis of the osteonecrotic
lesions.

In addition, an association between osteonecrosis and aPL has been observed in
patients with human immunodeficiency virus (HIV) infection, in the absence of
known risk factors for osteonecrosis. In 1991, Solomon et al published a series of 8
HIV-infected patients with osteonecrosis and they noted that all of 5 patients tested
for aCL were positive [21]. Additional cases of osteonecrosis in association with aCL
have been subsequently reported [22–25]. Olive and coworkers reported 4 cases
with hip osteonecrosis in a cohort of 1920 patients with HIV syndrome; three of
them (75%) had positive aCL [26]. Another study undertaken by Brown et al found
a prevalence of 50% of aCL in a group of 6 patients with osteonecrosis and underly-
ing HIV infection [27]. Recently, Calza et al described 7 HIV-infected persons with
femoral head involvement. Among them, only 4 patients were on antiretroviral
therapy, 1 had moderate hypertriglyceridemia, and 3 were aCL positive [28]. In
another recent study, 339 asymptomatic HIV-infected adults were examined
prospectively by magnetic resonance imaging (MRI) for osteonecrosis of the hip.
Fifteen (4.4%) of 339 participants had osteonecrosis, while 14 (93%) of the above 15
patients had detectable levels of aCL [29].

However, the overall significance of these antibodies in the development of
osteonecrosis in HIV-infected patients remains unknown. Some authors suggested
that the high frequency of aCL in patients with HIV with osteonecrosis should be
interpreted with caution because these antibodies have been detected at high fre-
quency in many studies with HIV-infected patients [30, 31]. The reported preva-
lence for IgG aCL in HIV varied from 0% to 90%. Moreover, there have been several
cases of osteonecrosis occurring in HIV individuals with negative aPL [32–34]. HIV
itself and hypertriglyceridemia secondary to protease inhibitor treatment have also
been implicated in the pathogenesis of osteonecrosis [35]. Nevertheless, the first
cases of osteonecrosis in HIV patients were reported before protease inhibitors
became available [22, 32]. Hence, the presence of aPL may be an added risk factor
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for the development of osteonecrosis in HIV-infected patients, but more studies are
required in larger groups of patients.

SLE and osteonecrosis

Osteonecrosis is a well-known complication in patients with SLE, contributing to
significant morbidity. The reported prevalence of osteonecrosis in SLE varies from
5% to 40% in different studies including symptomatic and asymptomatic patients
[36–39]. It was first documented in 1960 by Dubois and Cozen, who suggested that
SLE itself or vasculitis are the main causes of osteonecrosis [40]. Since then, a
number of pathogenetic factors have been analyzed. Corticosteroid treatment has
long been recognized as a major predisposing factor for osteonecrosis in SLE
[41–44]. The duration of steroid therapy, the total cumulative dosage, and the
highest daily dosage have been independently involved [6, 36, 45]. However, the
role of corticosteroids was not confirmed by other authors [40, 46, 47] who sug-
gested additional risk factors such as fat emboli [45], hyperlipidemia [7], leukope-
nia [47], young age at the disease onset [38, 48], and Raynaud’s phenomenon [44,
49]. Gladman et al demonstrated that corticosteroid treatment, the presence of
arthritis, and the use of cytotoxic drugs were independent risk factors for the devel-
opment of osteonecrosis in SLE patients [50]. Another study showed that patients
with osteonecrosis had higher frequency of Cushingoid body habitus, throm-
bophlebitis, vasculitis, cigarette smoking, and preeclampsia [51]. An association
with SLE activity, hypertension, and lupus nephritis has also been proposed by
some authors [46, 52], but not by others [48, 53]. aPL have been strongly implicated
in the pathogenesis of osteonecrosis.

The association between osteonecrosis and aPL in patients with SLE was first
described in 1985 by Asherson et al [54]. One year later, Lavilla et al reported 2
other SLE patients with osteonecrosis and positive aCL [55]. Nagasawa et al noted
that SLE features such as Raynaud’s phenomenon, hyperlipidemia, nephrotic syn-
drome, hypertension, and disease activity were not related to osteonecrosis in a
study with 111 SLE patients. On the other hand, the percentage of patients who had
LA was found to be greater in those with osteonecrosis than in those without [56].
Mok et al [57] showed also an increased risk for osteonecrosis in SLE patients who
were positive for LA (P = 0.02). Abeles et al described a higher prevalence of aCL in
SLE patients with osteonecrosis in comparison with those without osteonecrosis
(35% vs. 4%; P = 0.008). In 1993, Asherson and coworkers found that 27 (73%) of 37
patients with SLE with symptomatic osteonecrosis had positive aPL [51]. In 1997,
Mont et al documented an association between osteonecrosis and IgG aCL levels. In
a European multi-center study including 1000 patients with primary and secondary
APS, the prevalence of symptomatic osteonecrosis was 2.4% [13]. With regards to
patients with catastrophic APS, Egan et al described a 25-year-old woman present-
ing with multiple sites of thrombosis and multiple sites of osteonecrosis [59]. In a
series of 80 patients with catastrophic APS, symptomatic osteonecrosis was found in
7% of cases [60].

All the above studies stressed the importance of aPL in predisposition to
osteonecrosis. However, some authors consider that aCL do not play a determinant
role in the pathogenesis of osteonecrosis suggesting other risk factors. Alarcon-
Segovia et al failed to detect any association between osteonecrosis and aCL in a
study including 500 consecutive SLE patients [61]. In 1995, in the Hopkins Lupus
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Cohort, daily corticosteroid dosage, Raynaud’s phenomenon, and vasculitis were
considered important risk factors for osteonecrosis, while LA and aCL were not
[62]. Pistiner et al reported the presence of osteonecrosis in 26 (5.3 %) of 488
studied SLE patients and noticed a lack of correlation between osteonecrosis and
aCL [63]. In the study by Migliaresi and coworkers, osteonecrosis occurred in 7
(10%) of 69 unselected SLE patients and was related to continuous high-dose
steroid treatment but not to detectable aCL levels [64]. Mok et al reported that no
relationship could be found between aCL or LA and the development of osteonecro-
sis in a cohort of 265 SLE patients receiving long-term follow up from 1978 to 1998
[65]. In another series of 280 SLE patients followed for 10 years, no increased fre-
quency of aPL, Raynaud’s phenomenon, leukopenia, or SLE activity was found in
the patients with osteonecrosis (N = 7) compared to those without osteonecrosis
[53]. In a study undertaken by Cozen and Wallace, 26 (5%) of 488 patients with SLE
developed asymptomatic osteonecrosis; no association with aCL or thromboem-
bolic disease was observed [33]. Houssiau and associates examined prospectively
by MRI the prevalence of osteonecrosis in a group of 40 SLE patients. The preva-
lence of osteonecrosis was 37.5% and its presence was correlated strongly with cor-
ticosteroid treatment but not with aCL status [66].

Therefore, no definite conclusions regarding the association between
osteonecrosis and aPL could be deduced from the above studies. This could be
explained in several ways. In almost all the previous publications, osteonecrosis
has been described in patients who had received corticosteroid therapy, which is
one of the major predisposing factors for bone necrosis. Most of these studies were
retrospective and examined only symptomatic patients. However, it is well known
that osteonecrosis can be entirely asymptomatic, especially in the early stage of
disease. The diagnosis of osteonecrosis has been made using mainly plain radi-
ographs which can identify advanced disease but can not detect early stage
osteonecrosis [67, 68]. In addition, the diagnostic method for aCL measurement,
the upper limit of normal, and the aCL serum levels (low, medium, or high titers)
have not been reported in all the above studies. It has not been clearly reported
also if the aPL were detected positive once or on more occasions. In addition, in
some studies the measurement of aPL was done in samples drawn at the time of
osteonecrosis while in others at the time of first observation or during the follow-
up period.

PAPS and Osteonecrosis

Corticosteroid treatment is widely used in the patients with SLE or SLE-related APS,
but rather rarely in the patients with PAPS. The existence of osteonecrosis in PAPS
patients in the absence of steroid use was first documented by Asherson et al, sug-
gesting an association between osteonecrosis and APS. They found that 2 out of 70
studied patients with PAPS had symptomatic osteonecrosis, and that it was the
initial manifestation of the syndrome in one of them [69]. Alijotas et al reported
the presence of aPL in 3 of 16 patients with Kienbocks disease; 1 had a history of
deep vein thrombosis and recurrent abortions in association with positive aCL and
LA [17]. Vela et al described a patient with PAPS who suffered a previous deep vein
thrombosis and who subsequently developed osteonecrosis of the hip [70].
Similarly, a patient who had a history of hemiplegic migraine, cerebrovascular
infarcts, and osteonecrosis of the left hip and the right knee has been reported [71].
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Dubost documented a case with fatal PAPS and multiple bone necrotic areas [72]. In
a retrospective study, Weber and associates analyzed the data from 108 APS
patients followed from 1987 to 1996. They reported that symptomatic osteonecrosis
was found in 7 (10%) of 69 patients with secondary APS but in none of 22 patients
with PAPS [73].

Until recently, no prospective studies examining the prevalence of osteonecro-
sis in symptomatic and asymptomatic patients with PAPS were found in the litera-
ture. In a prospective study from our department, we evaluated the prevalence of
osteonecrosis in patients with PAPS who were asymptomatic for osteonecrosis
and had not taken corticosteroids [74]. Thirty patients with PAPS who had never
received corticosteroids, 19 patients with SLE (with and without aCL) who had
not previously received steroids and 30 healthy individuals, were examined
prospectively by MRI of the femoral heads. Established MRI criteria were used for
a diagnosis of early, intermediate, and advanced osteonecrosis. In positive cases,
radiographs and dynamic scintigraphy were also performed. Asymptomatic
osteonecrosis was found in 6 (20%) of the 30 patients with PAPS: 3 of them had
intermediate bilateral osteonecrosis with the characteristic double-line sign on
MRI (Fig. 12.1) and the other 3 patients had early osteonecrosis findings
(Fig.12.2). No cases with advanced osteonecrosis were observed. Hip and pelvis
radiography and dynamic scintigraphy were negative in all of 6 patients. None of
the SLE patients (with and without aCL) and none of the healthy controls had
documented osteonecrosis. In the osteonecrosis-positive cases, follow-up MRI 6
months after the initial examination revealed no changes. One of the 3 patients

132 Hughes Syndrome

Figure 12.1. Early osteonecrosis on this T2-weighted spin echo magnetic resonance is indicated by the low inten-
sity band in the subchondral zone of the femoral head (band sign) – a feature that is characteristic of
osteonecrosis. Asymptomatic patient with primary antiphospholipid syndrome.



with intermediate osteonecrosis suffered from knee pain 3 months after the initial
examination, and an additional MRI showed avascular necrosis (AVN) of both
knees. Osteonecrosis was found to be more prevalent in younger patients and in
patients with livedo reticularis. No associations with other clinical characteristics
(venous or arterial thrombosis, thrombocytopenia, abortions, Raynaud’s phe-
nomenon), aCL titer, presence of LA or anti–β2-glycoprotein I antibodies could be
identified.

The increased incidence of osteonecrosis in PAPS patients in the absence of other
predisposing factors confirms the association between osteonecrosis and aPL, and
suggests that osteonecrosis may represent an additional clinical feature of APS.
Furthermore, all the above findings raise the possibility that a proportion of young
patients with osteonecrosis with positive aPL, in the absence of other risk factors,
may have a form of PAPS.

Clinical Manifestations and Diagnosis of Osteonecrosis

Osteonecrosis can be entirely asymptomatic or it can be associated with pain and/or
limitation of the movement in the affected joints. The most susceptible sites for
osteonecrosis are the bones with single blood terminal supply such as the femoral
head, the talus, the humerus head, or the carpal bones. The femoral head appears to

Osteoarticular Manifestations of Antiphospholipid Syndrome 133

Figure 12.2. Osteonecrosis indicated by the presence of the double line sign (arrow) seen on T2-weighted spin
echo image.



be the most vulnerable site for the development of osteonecrosis. Atypical sites of
osteonecrosis have also been described in patients with APS [75]. Involvement of
multiple bones may occur, especially in patients with SLE [76], and the condition
may be often bilateral as it was shown in our study [73].

Given the unpredictable natural history of osteonecrosis, it is conceivable that
early diagnosis is crucial in selecting the appropriate treatment options [77, 78].
Radiographic findings in early stages are unremarkable. In advanced disease,
flattening, subchondral radiolucent lines (crescent sign) and collapse may be
present. MRI is recognized as the most sensitive tool for the early recognition of
osteonecrosis, having more than 95% overall sensitivity. It is significantly more sen-
sitive than radiographs, radionuclide bone scan, or computerized tomography [79,
80]. MRI findings in early osteonecrosis include the presence of a decreased signal
intensity band or rim in the subchondral zone on both T1- and T2-weighted images
(band sign). The characteristic appearance of osteonecrosis, the double-line sign
occurs later in the disease process. The double-line sign is seen on T2-weighted
images as a high signal intensity line in an inner zone combined with low-signal
intensity in an outer zone. Advanced osteonecrosis is characterized by the combina-
tion of the above findings plus collapse and joint congruity. MRI imaging detects
also the bone marrow edema, which can be associated with early osteonecrosis. 
Van de Berg et al showed that lack of accompanying subchondral changes on 
T2-weighted or contrast-enhanced T1-weighted images had 100% positive predic-
tive value for a transient phenomenon [81].

Treatment of Osteonecrosis

Treatment strategies primarily depend on the location, size, and stage of the
lesion. Conservative therapy, used in early stages, includes non-steroidal agents or
other analgesics for pain relief, steroid tapering, weight-bearing avoidance, bed
rest, or even immobilization for some cases. However, conservative therapies
usually fall to inhibit the progression of osteonecrosis. It has been well docu-
mented that without specific treatment, approximately 70% to 80% of hips with
clinically established osteonecrosis have radiologic and clinical progression
leading to the femoral head collapse [82]. Thus, various prophylactic surgical pro-
cedures have been proposed in order to suppress the evolution of further degener-
ative changes. The goals of these procedures are the reduction of intramedullary
pressure, removal of the necrotic area from the weight-bearing zone, and restora-
tion of the blood supply in the necrotic area. The surgical treatment of choice in
early stages, especially in young active patients, is core decompression with or
without bone grafting [83]. Osteotomy has also been used with variable success
[84]. Total joint arthroplasty is recommended for the late stage which is charac-
terized by necrotic subchondral bone, articular cartilage collapse, and secondary
osteoarthrosis (19).

Because of the ambiguity concerning the pathogenesis of osteonecrosis, the treat-
ment of this disabling disorder has not focused on mechanisms of the disease
process, but rather on the management of the end-stage bone changes. However, in
patients with osteonecrosis and positive aPL the use of anticoagulants might
provide an effective therapy. This hypothesis should be investigated in large,
prospective studies.

134 Hughes Syndrome



Arthralgias and Arthritis in APS

Arthralgias are rather common in PAPS and SLE-related APS [13, 73, 86]. In 1989,
Mackworth-Young et al described the clinical and serological features of 20 patients
with PAPS and they found that 3 (15 %) of them had recurrent attacks of arthralgias
[87]. In the largest cohort of APS patients with 1000 cases, the presence of arthral-
gias was documented in 271 (38.7%) patients with a similar distribution among
primary and secondary APS [13]. Weber et al reported that arthralgias or arthritis
was documented in 83% of SLE-related APS patients and in 41% of PAPS patients
[73]. They also noticed that it was difficult to distinguish frank and sustained arthri-
tis from arthralgias on the basis of patient history, because most patients reported
their articular symptoms as arthralgias.

The existence of arthritis in APS has been almost exclusively reported in patients
with APS secondary to SLE or in lupus-like syndrome [69, 86]. In a retrospective
study, Asherson et al observed that arthritis as well as other characteristic features
of SLE (serositis, vasculitic rash, renal disease) were absent in PAPS [69]. In 1992,
Piette et al suggested that the American Rheumatism Association criteria for SLE
were of limited value in classifying patients with APS into primary or SLE-related
APS. One year later, the same authors proposed a set of empirical exclusion criteria
to distinguish PAPS from SLE-related APS [88]. According to these criteria the pres-
ence of frank arthritis excluded the diagnosis of PAPS. However, in a letter to the
editor, Querel et al reported 8 patients with PAPS who suffered from non-erosive
polyarthritis [89]. They noted though that 3 patients had lupus-like syndrome
before or after the diagnosis of PAPS. Replying to the above letter, Piette and
Asherson suggested that patients with persistent “true” APS should be distin-
guished from those who progressively develop clinical and serologic abnormalities
associated with SLE, including arthritis [90]. In a cohort of 1000 APS individuals,
episodes of arthritis were observed in 56% of the patients with SLE-related APS
compared to only 3% of patients with PAPS [13]. According to the above, it seems
that arthritis is a rare manifestation of well-defined PAPS.

The management of arthralgias/arthritis includes the use of nonsteroidal
antinflammatory agents or other analgesics but they should be used with caution in
cases receiving chronic coumarin treatment. In SLE-related APS, treatment with
hydroxychloroquine or corticosteroids can also be used according to the severity of
the articular symptoms and lupus activity. Besides its effect on arthralgias or arthri-
tis, the role of hydroxychloroquine on thrombosis and lipids should also be stressed
in patients with PAPS and SLE-related APS [91].

Conclusion

Diverse conditions associated with thrombotic lesions either in large vessels or in
the microvasculature may be part of the APS clinical spectrum. Besides the classic
clinical manifestations, including arterial and venous thrombosis or recurrent fetal
loss, a number of other clinical conditions characterized as microangiopathic syn-
dromes have been associated with APS. These syndromes can affect several organs
including skin, brain, heart, and kidneys. Osteonecrosis may be another distinct
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clinical feature of APS associated with arterial or venous microthrombosis.
Clinicians should be aware of the possible association between APS and osteonecro-
sis because early diagnosis may lead to early and proper management of this dis-
abling disease. Patients with persistent symptoms originating from sites most
susceptible to osteonecrosis should undergo MRI evaluation. A systematic screen-
ing for aPL in all cases with diagnosed osteonecrosis in the absence of precipitating
factors should also be considered.
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13 The Ear and Antiphospholipid Syndrome
Elias Toubi and Aharon Kessel

Introduction

Evidence now exists that inner-ear pathology is frequently associated with immune
dysfunction, including the presence of anticardiolipin antibodies (aCL) in the sera
of these patients.

The pathogenesis of sensorineural hearing loss (SNHL) is still considered idio-
pathic, in most cases. Sudden deafness, severe hearing loss of acute onset, is usually
unilateral but may also occur bilaterally as well. Patients with progressive SNHL,
develop bilateral progressive hearing loss over the course of a few days to 1–2
months, although as many as 20% initially present a unilateral loss. Both disabilities
occur in previously healthy subjects, with an equal preponderance among males
and females.

In addition to auditory symptoms, these patients may also present vestibular
complaints, such as true vertigo, lightheadedness, or ataxia. Tinnitus and aural
pressure are also frequent symptoms, and may occur in one half and one third of all
patients, respectively.

The potential role of autoimmunity in the pathogenesis of hearing loss was first
reported by McCabe in 1979 [1], who described a pattern of bilateral SNHL charac-
terized by rapid progression over days to months. This was based on the finding of a
positive lymphocyte migration inhibition assay to cochlear antigens and the steroid
responsiveness of the hearing loss in such patients. Additional support includes the
following: both cellular and humoral elements of the immune system can normally
be identified in inner-ear tissue; animal models demonstrate inner-ear damage after
immunization with inner-ear tissue extracts; and such an injury is transferable with
sensitized T cells; human SNHL can occur in the context of systemic immunological
disease; and SNHL can be treated by immunosuppressive therapy [2–5]. However,
the definite proof of an autoimmune etiology is still lacking because in most studies
the exact nature of the immunizing antigenic epitope(s) has not yet been identified.

The Association of SNHL with Autoimmune Disease

During the last decade many reports described the association of SNHL with
various autoimmune disorders such as: systemic lupus erythematosus (SLE),
Sjögren syndrome, chronic ulcerative colitis, rheumatoid arthritis, polyarthritis
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nodosa, polymyositis, Hashimoto’s thyroiditis, and Cogan’s syndrome [6–9]. The
beneficial effect of immunosuppressive therapy observed in some of these patients
supports the immune-mediated etiology. It was stressed that immediate treatment
with corticosteroids or other immunosuppressive agents is essential because delay
may lead to irreversible hearing loss [10]. The benefit of plasmapheresis in patients
with suspected immune-mediated hearing loss was evaluated: improved hearing
was observed in 8/16 (50%) patients and only 25% of the patients required addi-
tional immunosuppressive maintenance therapy [11]. In 1986, Bowman et al [12],
prospectively tested the hearing status of 30 patients hospitalized during SLE flares
and observed an 8% incidence of substantial, previously undetected hearing loss. In
the same year, Caldarelli et al [13] reported profound SNHL of the right ear in a 
51-year-old woman, followed 3 weeks later by a similar finding in her left ear. This
was concomitant with symptoms of her newly diagnosed SLE. In 1992, Kobayashi et
al [14], described bilateral SNHL in a 32-year-old woman that improved dramati-
cally after plasmapheresis, 2 years before the diagnosis of SLE was established. They
suggested that circulating immune complexes or antiphospholipid antibodies (aPL)
might play a pathological role in the hearing impairment in SLE patients. In 1995,
Kataoka et al [15] documented another case of intermittent bilateral SNHL in con-
junction with SLE.

In the same year, Andonopoulos et al [16] reported an association between SNHL
and SLE, without correlation to SLE disease activity, concluding that factors other
than inflammation may be involved in the pathogenesis of this disorder. Later,
Sperling et al found that out of 84 SLE patients, 31% were reported to suffer from
aural symptoms, such as tinnitus and hearing loss, suggesting that these findings
are also related to the immune complex nature of the disease [17].

In yet another study, the symptoms of SNHL were observed in 38% of 37 unse-
lected systemic sclerosis (SSc) patients, suggesting that SSc may be included among
the autoimmune diseases which may cause audiovestibular disturbances [18]. The
association between Behcet’s disease and SNHL was also reported in 1 patient who
had fluctuating hearing loss, tinnitus, and dizziness, proposing a causative relation-
ship between autoimmune vasculitis and endolymphatic hydrops [19].

Animal Models for Immune-mediated SNHL

To aid in the investigation of SNHL, several animal models were introduced. In
1983, Yoo et al [20] immunized rats with native bovine type II collagen, a major
structural element of the inner ear, and induced SNHL in these animals.
Ruckenstein et al [21] proposed the MRL-lpr/lpr mouse strain as a potential model
of autoimmune inner-ear pathology (a strain known to develop an SLE-like disease
at the age of 4–5 months) in which the authors observed cochlear pathology in 6/11
animals of this age. Based on the above, Iwai et al [22] demonstrated in severe com-
bined immunodeficient (SCID) mice, infused with MRL-lpr/lpr spleen cells, the
induction of cochlear damage which normally would not have developed in such
animals. In a recent study, Billings [23] described a mouse model of CD4+ T
cell–mediated autoimmune SNHL induced by immunization with peptides from the
inner ear–specific proteins cochlin and β-tectorin. However, it is not yet clear how
accurately this model reflects events occurring in the spontaneous idiopathic
disease.
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Immunological Profile in Sensorineural Hearing Disorders

Laboratory studies of peripheral blood lymphocytes from patients suffering from
SNHL and serological assays of antigen-specific immune responses to sonicated
inner-ear antigen preparations have provided evidence that the disease may have an
autoimmune etiology. The two tests most commonly used are the lymphocyte trans-
formation test and the Western blot immune assay [24].

In 1993, Mayot et al [25] reported in 57 individuals with SD (n = 17; group 1) and
progressive SNHL (n = 40; group 2) an abnormality of the T-cell subgroups in
peripheral blood. The reduced presence of CD3+ and CD4+ cells was observed in
group 1, and there was marked decrease of CD8+ cells for both groups. In addition,
antinuclear and antithyroid antibodies were frequently detected in the sera of group
2 patients (75%), whereas anticochlear and anticartilage antibodies were present in
both groups with a similar frequency (71%). Boulassel et al [26] used two-dimen-
sional gel electrophoresis and immunoblot analysis to define, at the molecular level,
the inner-ear auto-antigens recognized by auto-antibodies in the sera of patients
suffering from inner-ear diseases. Forty-four percent of the patients’ sera had anti-
bodies for several inner-ear proteins, of which the 30, 42, and 68 kDa proteins were
found to be the most reactive. The 30 and 42 kDa inner-ear proteins were found to
be the major peripheral myelin protein P0 and the beta-actin protein, respectively.

A study by Shin et al [27] using a Western blot immune assay suggested that
approximately 40% of patients with rapidly progressive SNHL have antibodies to 
68 kDa (heat-shock protein-70; hsp-70) inner-ear antigen. Such immunoblot testing
provides 58% sensitivity and 98% specificity for hsp-70 antibodies.

In a different study, sera from patients with various inner-ear diseases, especially
Meniere’s disease, were investigated by a Western blot against guinea pig inner-ear
proteins. Out of 45 patients, 24 (53%) with various inner-ear diseases had antibod-
ies against inner-ear proteins compared with 0/10 in control subjects without inner-
ear diseases. Of the 10 proteins that showed a positive reaction with the patient’s
sera, the 28-kDa band was unique in that it appeared only in the membranous frac-
tion of the inner-ear proteins and was highly positive (28%) in reaction with
Meniere’s disease patient’s sera. These results suggest that the antibody to the 
28-kDa protein may be a candidate for detecting autoimmune inner-ear disease [28].

In another study, 16/18 SLE patients had antibodies to guinea pig inner-ear anti-
gens (detected by immunobloting), whereas none were detected in the sera of the 11
normal subjects. This suggested that the inner ear might be one of the targets involved
in SLE [29]. In this regard immunological abnormalities were demonstrated in 25/50
patients with SNHL; high immunoglobulin titers were observed in 18/50. Six patients
were seropositive for antinuclear antibody and rheumatoid factor, whereas 2/50
revealed high anti-DNA titers [30]. In addition, abnormal low serum complement
levels were detected in 6 cases. In summary, based on all of the above facts, sen-
sorineural hearing loss is associated with immunological dysregulation.

Sensorineural Hearing Loss and APS

Because the internal auditory artery is an end artery, disturbed circulation of the
inner ear has long been suggested as the cause of sudden SNHL. In 1994, de Kleyn
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postulated a central vascular lesion in many SNHL cases [31]. Later, some authors
have attributed these symptoms to a deficient homeostasis, often in conjunction
with additional risk factors for vascular disease, such as arteriosclerosis and high
blood viscosity. Others have postulated a viral cause, having a detrimental effect on
the rheologic properties of blood.

Primary APS and SNHL

Because microthrombosis associated with aPL is known to affect either dermal or
retinal vasculature, a similar involvement of the cochlear vessels could be envi-
sioned, causing sudden SNHL.

In 1996, Hisashi et al [32] reported 3 female patients with sudden SNHL having
elevated levels of aCL in their sera: 1/3 had IgM aCL and 2/3 had IgG aCL.
Corticosteroid therapy was effective only in the first patient, whereas in another
case, hearing loss improved only after adding prostaglandin E and ticlopidine to
the corticosteroids. The author concluded that corticosteroids as well as
prostaglandin E and ticlopidine therapy might be effective in patients with SNHL
with aCL.

In 1997 we reported our results on the presence of aCL in the sera of patients
with SNHL [33]. Low-to-moderate positive aCL to one or both IgG/IgM isotypes
(range, 18–35 units) were found in 8/30 (27%) patients, whereas none were detected
in healthy controls (P < 0.02). Another study supported the notion that primary
APS is associated with the development of SNHL. In the sera of 55 patients with SD
and 80 with progressive SNHL, aCL was present in 49% and 50% of these patients,
respectively [34]. The conclusions from these studies were missing as the require-
ment for a true positive aCL test is based on at least two consecutive seropositive
aCL results that were not performed in these studies. It is also important to note
that anti–β2-glycoprotein I (anti–β2-GPI) antibodies were not analyzed in these
patients. Recently, in an extended study we assessed 51 patients (31 women and 20
men) who met the diagnostic criteria of SNHL. We found low to moderately posi-
tive titers of aCL in 16 patients (31%) compared with 2 (6%) in the healthy controls
(P = 0.004). Six patients (12%, all aCL positive) were also positive for anti–β2-GPI.
Three months later positive aCL persisted in 7 (14%) patients, four of whom were
also positive for anti–β2-GPI [35]. This is consistent with the knowledge that
anti–β2-GPI antibodies are more specifically associated with thromboembolism
[36].

Tests for antibodies to CMV, EBV, and HCV were found negative in all aCL-
positive patients. This “positiveness” for aCL together with anti–β2-GPI further sup-
ports the assumption of an association between SNHL and aPL in some patients,
whereas in others it is of a transient character. Although a transient increase in aCL
is not considered pathogenic, it is possible that in some cases the increase in anti-
body titer is capable of inducing transient vascular damage and, hence,
microthrombosis. The pathogenic effect of aCL/anti–β2-GPI induced by viral or
bacterial peptides is the subject of many recent investigations. It is generally
believed that aCL induced by infection (such as EBV or CMV) are independent of
β2-GPI , and do not appear to be pathogenic. Some reports suggest, however, that
certain infections may induce β2-GPI–dependent aCL as well as clinical features of
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APS. This finding strongly suggests that viral antigens can induce aCL and some-
times anti–β2-GPI positivity in humans, and that these antibodies cross-react with
the self-phospholipids and consequently are potentially pathogenic [37, 38].

Secondary APS and Progressive SNHL

In the past SNHL has been reported to be one of the symptoms complicating
autoimmune diseases, but only recently its association with aCL seropositive data
was reported. In 1993, Hisashi et al [39] reported on the occurrence of SNHL in a
patient with SLE who was also seropositive for IgG aCL. In 1995, Casoli and Tumiati
[40] reported, in a 55-year-old woman with Sjögren syndrome and aCL, seropositiv-
ity of IgG and IgM isotypes. She developed a sudden SNHL in association with
vertigo, suggesting the presence of atypical Cogan’s syndrome.

In a different study [41], 30 women suffering from Sjögren syndrome were evalu-
ated for audiovestibular disorders, in comparison with 40 healthy age-matched
female controls. In 14/30 patients (46%), SNHL was found, compared to only one
control subject (2.5%). Nine of the above 14 patients (64%) tested seropositive for
aCL compared with 3/40 controls. This study suggested that SNHL in Sjögren syn-
drome is correlated with the presence of aCL .

Naaredrop and Spiera [42] also reported 6 patients who developed sudden
deafness in association with moderate-to-high levels of aCL and/or a positive lupus
anticoagulant test.

Many studies evaluated the association between autoimmune SNHL and various
viral infections, such as parvovirus B19, measles, mumps, and influenza, suggesting
that these viruses may be of possible etiology in this inner-ear disease [43, 44]. On
the other hand, the finding of positive aCL is also frequently related to such viruses,
but without clear evidence that aCL may be the cause of recurrent thrombosis.
However, some studies reported on the association between thrombosis and infec-
tious induced aPL [45].

Therefore, it is important to analyze the possible relationship between SNHL,
aCL, and various viral infections. If such a positive association can be established,
the use of anticoagulant therapy should be its logical consequence [46].

Closing Comments

The etiology of SNHL remains idiopathic in most cases, despite many attempts to
relate this condition to infectious diseases, immune-mediated vascular disorders,
or microthrombosis [47]. In some reports, SNHL was shown to be associated with
the presence of various auto-antibodies and/or the dysregulation of cellular immu-
nity. Reports by the authors and by others describe an association between SNHL
and aCL [35], raising the speculation that this disorder is microthrombotic in
origin. The persistence of aCL over time and the coexistence of anti–β2-GPI in some
patients further support this assumption. In the absence of histological or imaging
tool to demonstrate microthrombosis in the inner ear of patients with SNHL and
APS, the next rational step is the assessment of the use of anticoagulant therapy in
such patients.
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14 The Eye in Primary Antiphospholipid
Syndrome
Cristina Castañon and Pedro A. Reyes

Clinical associations of antiphospholipid antibodies (aPL) include venous and arte-
rial thrombosis, recurrent fetal loss, blood cytopenias, thrombocytopenia, and
multi-organ compromise [1–13]. Vessel occlusion is a hallmark of this association;
it may occur within the context of several diseases, mainly autoimmune disorders
such as systemic lupus erythematosus (SLE), or it may be present without any
recognizible disease, the so-called primary antiphospholipid syndrome or Hughes
syndrome [14].

In the past there were isolated reports describing the eye involved in the primary
antiphospholipid syndrome (APS) and serious ocular damage, like optic neuritis
and ocular vaso-occlusive disease in patients with Hughes syndrome [15–17]. This
association was challenged by Merry et al [18] based on the absence of aPL in a
group of patients with ocular vaso-occlusive disease. However, Asherson et al [19]
found that the presence of ocular vaso-occlusive disease in patients with SLE was
definitely related to the presence of antiphospholipid autoantibodies and several
studies agree on a high prevalence of vasculopathic eye disease in subjects with
Hughes syndrome [20–25]. Maybe the different appreciation reflects both a selec-
tion bias (the presence of ocular disease was the inclusion criterion in some studies)
and a low prevalence of Hughes syndrome among patients with ocular vaso-occlu-
sive disease of miscellaneous origin.

At present, some cases or some series [26–48] which describe ocular findings in the
presence of aPL, or associated to other diseases, are added to our clinical observa-
tions, and confirm that the eye is frequently affected. Also, they confirm that the
damage is predominant in the posterior segment, as retinal or choroidal vaso-occlu-
sive diseases, which can be arterial, venous, or both. A higher number of studied cases
has made it possible to identify, in the literature, a more frecuently anterior segment
damages. Anterior and posterior scleritis, related to aPL, were also reported.
However, in our APS ocular disease experience, we have not seen yet this manifesta-
tion. Besides this, there is nothing new to be added to our clinical study at present.

Clinical Study

We performed and reported a cross-sectional ophthalmology study [49] on 28 con-
secutive patients (18 women, 10 men; median ages, 30.5 and 40 years, respectively)
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with APS, all of them were seen at the Instituto Nacional de Cardiología Ignacio
Chávez from 1987 to 1996. Irrespective of visual symptoms, 27 patients were evalu-
ated prospectively by the ophthalmologist in an equivalent search effort. One
patient had visual symptoms, and primary antiphospholipid antibody syndrome
(PAPS) was subsequently identified. The diagnosis was based on proposed clinical
criteria [5]. SLE was ruled out clinically and serologically over a 48-month follow
up. Anticardiolipin antibodies (aCL) were detected by enzyme-linked immunosor-
bent assay according to Gharavi et al [50], with some modifications by the authors
[51]. Test for serum lipid profile, fluorescent antinuclear antibodies, rheumatoid
factors, syphilis (VDRL, fluorescent treponemal absorbed antibody), and a clotting
profile were performed in every patient using standard laboratory techniques.

The eye examination included a survey of ocular symptoms; tests for visual
acuity, ocular movements, and intraocular pressure; and slit-lamp biomicroscopy to
evaluate the anterior segment and the fundus. Twenty-four patients agreed to a
standard retinal fluorangiography [52].

All patients (Table 14.1) had high titer [>5 standard deviations (SD) above the
mean] IgG aCL in at least two determinations. No other non–organ-specific anti-
bodies nor lipid abnormalities were detected. In 14 out of 17 patients, a prolonged
phospholipid-dependent clotting assay (PTT) was identified. In the remaining 11
patients, the test was not performed because the patients were receiving anticoagu-
lant drugs. A false-positive VDRL test was present in 11 patients. Nine patients had
thrombocytopenia, 1 more case had persistent leukopenia. Four out of 9 patients at
risk in whom the test was done presented a positive lupus anticoagulant (LA) test.

Ocular Findings

As shown in Table 14.2, 19 (68%) patients had visual symptoms. Transient visual
disturbance (transient blurred vision or amaurosis fugax) was present in 16 eyes (8
patients), decreased vision in 7 (4 patients), transient diplopia in 8 (4 patients), and
transient field loss associated with headache and photopsy in 8 (4 patients). Visual
acuity with or without correction was 20/20 to 20/ 40 in 46 eyes, 20/60 to 20/100 in 3
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Table 14.1. Primary antiphospholipid syndrome: clinical and laboratory findings.

Clinical findings No. Laboratory findings No.

Ocular disease 24/28 IgG aCL 28/28a

Recurrent fetal loss 8/10b PTT > 10 14/17
Venous thrombosis 16/28 False-positive results of VDLR 11/28
Arterial occlusion 10/28d Lupus anticoagulant 4/9b

Migraine 11/28 Cytopenia 10/28c

Livedo reticularis 7/28 FANA (low titer) 3/28
Leg ulcers 3/28
Chorea 1/28

PTT = partial thromboplastin time; FANA = fluorescent antinuclear antibodies. 
aMore than 5 SD above the mean value.
bSubjects at risk or those in whom the test was done.
cThrombocytopenia, 9; leukopenia, 1.
dSeven of these 10 patients had brain infarction demonstrated by computed tomography.
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eyes, and 20/400 or worse in 7 eyes (4 patients). All patients had normal intraocular
pressures (12–18 mm Hg), except for a case with cerebrovascular disease and 20
mm Hg intraocular pressure in both eyes who had an inferior temporal quadran-
tanopia, due to an obstruction of a branch of retinal artery.

Anterior segment abnormalities were mild and relatively uncommon: conjuncti-
val telangiectases or microaneurysms were present in 12 eyes (6 patients), simple
episcleritis in 2 (1 patient), and limbal keratitis in 1. The latter two abnormalities
resolved with local corticosteroid treatment. One patient had a monocular post-
traumatic superficial corneal opacity since childhood.

Posterior segment abnormalities were found in 24 patients (86%; Table 14.2).
Tortuosity of first-order venous vessels or peripheral terminals in 38 eyes (19
patients) was the most common finding. Swelling of the optic disc was found in 4
eyes (cases 1, 12, 13, and 24). Vitreous hemorrhage occurred in 3 eyes (cases 1, 12,
and 24; Fig. 14.1); vitreous bands adherent to the optic disc subsequently developed
in 2 of these eyes (case 12, 24) after the hemorrhage. One of these (case 1) fully
recovered under treatment. Serous detachment at the macula with preretinal hem-
orrhage was observed in one eye (case 13) . Other patient, had segmental dilatation
of capillary vessels, microaneurysms, and intraretinal microvascular abnormalities
in 1 eye (case 8). There were cotton-wool spots in two eyes (cases 1 and 13), flame-
shaped hemorrhages in 8 eyes (cases 1, 8, 9, 12, 13, and 24), microaneurysms in 3
eyes (cases 8, 9, and 14); sheathing of first-order veins in 2 eyes (case 1), arterial
sheathing in 1 additional patient (case 25). Equatorial and peripheral hypopigmen-
tation was noted in 2 eyes (case 3), and reticular pigment clumps around the tempo-
ral vascular arcade of both eyes, associated with widespread areas of atrophy, were
seen in case 10. Two eyes (case 26) presented grayish lines extended radially on tem-
poral retina from optic disc, with an hypertrophic scar in the temporal aspect of the
macula in the right eye. One eye had minor irregular clumps of pigment near supe-
rior temporal vessels (case 28).

Retinal fluorescein angiography was performed in 24 patients (Table 14.3) and it
was abnormal in 18 eyes (12 patients, 50%). Although in general the procedure
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Table 14.3. Ocular vaso-occlusive disease in primary antiphospholipid syndrome*

Case no. 1 3 8 9 10 12 13 20 24 25 26 28 Total no. eyes

Abnormalities 12/24
Vitreous Hemorrhage R L L 3
Choroidal Blocked fluorescence R/L L R R 5

Window defects R/L L R/L R/L 7
Vascular Tortuosity R/L R/L R/L R/L R/L R/L L L 14

Microaneurysms R/L L R/L 5
Capilar ectasis R/L L R/L L 6
Leakage R/L L L L 5
Noncapillary perfusion R/L L L L L R/L L 9
Obstruction* R/L L L L R/L L R 9
Neoformation L 1

Retinal Hemorrhages R/L L L R/L 6
Cotton-wool spots R R 2

Optic disc Leakage R R R 3

R = right; L = left.
*Ocular findings, retinal fluorescein angiography (12/24).



confirmed the funduscopic findings, it showed unsuspected occlusion of the peri-
macular arteriole in 1 eye (case 9), focal late hiperfluorescence, and leakage of
retinal capillaries superior in 1 eye (case 20), and pigment epithelial window defects
considered to be secondary to choriocapillary vessels obstruction in 2 eyes (case 3).
In case 10, early hyperfluorescence of atrophic areas around pigment clumps
created a window effect, which was interpreted as reticular degeneration of the pig-
mentary epithelium. Two eyes (case 26) showed fluorescence in the arterial phase
which persisted after the dye had disappeared from retinal veins; these angioid
streaks did occur in absence of systemic evidence of pseudoxanthoma elasticum.
This patient also had vessel occlusion inferior to macula and hipertrophic scar in
right eye. Case 24 had hyperfluorescence and poor arterial filling because of retinal
central artery occlusion in right eye with vitreous hemorrhage and vaso-occlusive
retinopathy in left eye.

A generalized vaso-occlusive retinopathy with fluorescein leakage and areas of
hypoperfusion was noted in 5 eyes (cases 1, 12, and 25). In another patient, a
macular serous detachment was present (case 13). Of particular interest were the
angiographic findings in one eye (case 8), including focal occlusion of temporal
arterioles and venules near the macula, areas of capillary hypoperfusion, fluorescein
leakage, and retinal neovascularization. Emergency photocoagulation treatment
was used on this patient; 4 years later the recurrence on these vessels required
further treatment.

Follow Up

Six patients were lost: 2 died and 4 left the hospital. Ophtalmologic follow up from 5
to 9 years has been completed in 8 patients, 11 more were followed from 1 to 3
years, and 3 for less than a year. All cases were treated with chronic anticoagulants,
with international normalization radio (INR) between 2 and 3, as well as chronic
low dosage of acetilsalycilic acid, except case 19, who had an associated clotting
defect, von Willebrand disease, which prevent the use of anticlotting measures.

Most patients recovered and stay visually asymptomatic for long periods, up to 9
years. Some of them required photocoagulation therapy, usually once, but one of
them required a second treatment. A patient (case 13) with extensive bilateral arter-
ial and venous ocular obstruction developed a neovascular glaucoma and right-eye
ptisis bulbi in a 2-year period; the left eye conserved a corrected 20/50 vision
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Table 14.4. Retinal vascular obstruction 12/56 eyes.

Case No. CRA RA branch CRV

1 – – R/L
8 – – L
9 – L –

12 – – L
13 R – R/L
24 R – L
25 – L –
26 – L –

CRA = central retinal artery; RA branch = retinal artery branch; CRV = central retinal vein.



without further problems. Another patient (case 18) developed retinal microa-
neurysms and hemorrhages in both eyes which disappeared in a year.

In summary, ocular vaso-occlusive disease is a common finding in APS; it is
easy to identify this complication by systematic eye exam. Prompt recognition
and anticlotting therapy limits organ damage and usually achieve sustained
improvement.

Discussion

Since the first edition of this book was published in 2000, growing evidence has
confirmed eye morbidity as part of the clinical expression of PAPS. Authors from all
over the world have made contributions, case reports, case series, and case-control
studies describing many different forms of eye vasocclusive disease in PAPS
patients and some forms of inflammatory disease which may be linked to focal
ischaemia due to arterial or venous occlusions.

The posterior pole, mainly venous or arterial retinal vessels, are the most com-
monly affected vessels; venous engorgement and tortuosity, occluded central vein
and arterial involvement with sheathered vessels appearing as white lines in fundus-
copy, hemorrhage due to wall damage, and abnormalities in fluorangiography are
frequent findings in one or both eyes in these patients. Sometimes central nervous
system damage in specific nuclei manifested as eye abnormalities such as oculomo-
tor nerve palsy.

Vitreous hemorrhage and choroidal vessel involvement has been described, in
one case, as the first manifestation of eye compromise in PAPS.

Occasionally an inherited defect on clotting mechanisms, such as Leiden or pro-
thrombin G20210A mutations, homocysteine levels, or abnormal S or C proteins,
coincides with aPL; however, in most cases the antibody alone is the culprit of the
eye disease. All these pathogenic mechanisms may explain eye symptoms such as
blurred vision, scotoma, transient ischemic attacks with visual loss, progressive loss
in visual acuity, and sudden blindness, which are frequent in PAPS patients or may
occur as presenting manifestation. In such case it is necessary a complete physical
exam and laboratory work up.

Anterior segment symptoms are also common. Telangiectasis at conjunctival
vessels, keratitis limbal, or filamentary and neovascular glaucoma were sometimes
reported, but in many patients the anterior segment was completely normal in spite
of serious posterior segment severe disease.

Differential diagnosis should consider diabetic retinopathy, sarcoid, and hemato-
logical neoplasia as well as stroke and accelerated artheriosclerosis and, of course,
systemic rheumatic diseases such as SLE, Sjögren syndorme, or systemic progres-
sive sclerosis and some infections. These cases are considered, of course, secondary
APS.

Increased medical awareness has made it possible to recognize more cases.
Reports on eye disease linked to aPL have become frequent in the literature. Aspirin
and long-term anticoagulation help many patients and it is common to achieve
significant visual improvement and stop visual loss progression and vasocclusive
disease with minimal adverse effects.
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15 Primary Antiphospholipid Syndrome
Tonia L. Vincent and Charles G. Mackworth-Young

Introduction

The emergence of the antiphospholipid syndrome (APS) over the last 30-odd years
has been one of the most striking developments in clinical autoimmunity. The iden-
tification of a pure or primary variant of the syndrome has been central to this
story, not least in enabling us to establish the place of this remarkable condition in
the wide spectrum of autoimmune disease.

Circulating antiphospholipid antibodies (aPL), as detected by the false-positive
biological test for syphilis, have been known for more than 40 years [1], and their
ability to cause prolongation of the partial thromboplastin or kaolin clotting time
generated the term lupus anticoagulant (LA) [2]. Although the phenomenon was
initially described in an systemic lupus erythematosus (SLE) patient associated with
a hemorrhagic disorder, by the 1960s it was apparent that the presence of the LA
was paradoxically linked to the risk of thrombosis [3]. Following this, associations
with thrombocytopenia [4] and recurrent miscarriage [5–7] were established. Not
all of these patients had SLE – so the term lupus anticoagulant was thus misleading,
not only because of its procoagulant associations in vivo, but also because some
patients had no evidence of lupus.

In vitro studies showed that the LA activity was mediated by antibodies [8]. The
association of false-positive tests for syphilis led to the suggestion that these anti-
bodies may bind to phospholipids. This was supported by an earlier study, which
demonstrated that LA activity could be partially abolished by pre-absorption of test
serum with cardiolipin [9].

Direct confirmation came in 1983 with the development of a sensitive immunoas-
say for anticardiolipin activity in serum [10]. Antibodies detected by this method
were subsequently shown to exhibit LA activity [11]. Derivatives of this assay still
perform a pivotal role in the diagnosis of the APS.

Defining APS

The direct detection of anticardiolipin antibodies (aCL) enabled Hughes and
coworkers to make the first formal description of the APS [12, 13]. They recognized
a group of patients with SLE who had raised levels of these antibodies and clinical
features including recurrent venous thrombosis, central nervous system disease,
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and recurrent miscarriage. Serologically, the majority of these patients demon-
strated aPL. By 1985 it had become apparent that some of such patients exhibited
few or no features of underlying connective tissue disease, and the concept emerged
that this syndrome could exist as a separate entity [14–17].

In 1989 three units published clinical series establishing the primary antiphos-
pholipid syndrome (PAPS) [18–20]. They described a group of patients in whom
recurrent thrombosis, miscarriage, and thrombocytopenia were associated with
aCL; although several patients were positive for anti-nuclear antibodies, none ful-
filled classification criteria for the diagnosis of SLE.

APS as a Clinical Spectrum

From these early reports four categories of APS or Hughes syndrome could be
defined:

(i) APS associated with underlying connective tissue disease, most usually SLE;
(ii) patients with APS with no underlying features of connective tissue disease, the
primary APS; (iii) patients with APS and lupus-like disease who have features of
connective tissue disease but who do not fulfill classification criteria for the diagno-
sis of SLE; (iv) APS due to other causes, such as drugs, malignancy, and infection.
Many of these patients exhibit increased aCL in the absence of an overt clinical syn-
drome. When clinical disease is apparent it is usually mild and transient.

These are a heterogeneous group of patients and as such are likely to represent a
spectrum of disease rather than discrete disease entities. This is supported by docu-
mented development of overt SLE in patients with an original diagnosis of PAPS. In
a 5-year follow up by Asherson et al [21], 19 patients with APS (9 with associated
SLE; 7 with lupus-like disease; and 3 with PAPS) were studied. During this interval,
3 patients with lupus-like disease progressed to a diagnosis of SLE, and 1 patient
with PAPS developed lupus-like disease.

In some instances this transition may take many years. The same unit [22] per-
formed a retrospective study of 80 patients seen over a 10-year period with PAPS.
Two cases developed SLE more than 10 years following the initial presentation of
PAPS and 1 developed lupus-like disease. Andrews et al [23] described 2 patients
with PAPS developing SLE after 8 and 10 years. These findings and similar anecdo-
tal experience mean that clinicians should be mindful of the long transition times
from PAPS to SLE-associated APS, even though the studies would suggest that this
is a relatively uncommon event.

Differentiation Between SLE-associated APS and PAPS

There are both clinical and serological features that help differentiate between these
groups of patients. Vianna et al [24] conducted a multicenter study of primary and
secondary APS. Of 114 patients, 56 had SLE-associated APS and 58 had PAPS. They
found that both groups of patients had similar clinical presentations with the excep-
tion of endocardial valve disease, which occurred in 63% of lupus patients versus
37% of patients with PAPS (P < 0.005). Other more predictable differences included
autoimmune hemolytic anemia (21% vs. 7%; P < 0.05), neutropenia (11% vs. 0%; 
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P < 0.01), ANA positivity (81% vs. 41%), and low C4 levels, all of which were signifi-
cantly more common in patients with SLE-associated APS. No patient with PAPS
had antibodies to extractable nuclear antigens or dsDNA.

The female:male ratio in this study was 7:1 for SLE-associated APS and 4.2:1 for
PAPS. Other studies have also documented this relatively low female:male ratio in
PAPS compared to SLE, where it is 9:1: Asherson et al [18] reported a ratio of 2:1;
and Font et al [25] found a ratio of 5:1. Given that fetal loss may result in more
females presenting with APS than males, these findings suggest that female sex is
considerably less of a predisposing factor for APS than for SLE.

The question arises as to whether there is a difference in the aCL-associated
features between patients with PAPS and those with SLE. It might be supposed
that the inflammation of active SLE might be an added risk factor for the develop-
ment of thrombosis in those patients with raised aCL levels. On the other hand,
with individuals who have raise aCL levels and no associated connective tissue
disease, there is almost certainly an ascertainment bias in identifying individuals
with thrombosis and/or fetal loss. Thus, it has been difficult for formal studies to
address the issue.

The largest cohort of individuals with definite APS so far described were reported
in a pan-European study of 1000 patients [26]. A little more than 53% of these had
PAPS, and in 36.2% the condition was associated with SLE. The latter group had a
greater incidence of arthritis, livedo reticularis, leucopenia, and thrombocytopenia
than the patients with PAPS. All of these are features seen in pure SLE. No clear dif-
ference in APS features was reported between the two groups. The general consen-
sus is that the clinical spectrum of APS is similar in SLE and PAPS (see below). This
is reflected in the broad similarity of aCL specificities found in the two conditions.

Antibody Specificity

The past few years have seen major advances in our understanding of the antibodies
present in APS, in particular their ligand-binding specificities. Indeed many so-

Table 15.1. Clinical and serological features of primary antiphospholipid syndrome.

Mackworth-Young et al [19] Asherson et al [18] Alarcon-Segovia et al [20]
Number % Number % Number %

No. of patients 20 70 9
M:F ratio NS 26:44 1:8
Age range 17–53 21–59 16–43
aCL IgG 14/20 70 60/70 86 8/9 89
aCL IgM 12/20 60 27/70 39 5/9 56
LA NS 60/70 86 5/5 100
Thrombosis

Venous 7/20 35 38/70 54 6/9 67
Arterial 5/20 25 31/70 44 5/9 56

Pregnancy loss 12/15 80 24/70 34 4/4 100
Thrombocytopenia 6/20 30 32/70 46 4/9 44
Migraine 4/20 20 NS NS
Livedo reticularis 1/20 5 14/70 20 5/9 56

LA = lupus anticoagulant; NS = not specified.
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called anti-phospholipid antibodies may not directly bind phospholipid at all, but
associated plasma proteins. As with other autoimmune conditions, work in this
field has major implications for our understanding of the pathogenesis( reviewed in
[27]). It also has the potential for improving the specificity and sensitivity of labora-
tory assays for both diagnosis and prognosis.

A large number of ligand-binding specificities have been described in APS [27].
Studies in this area have included patients with SLE-associated APS and with PAPS.
No significant differences have so far emerged between these two variants of the
condition. The subject is covered in detail elsewhere in this volume. The following
summarizes some of the main findings.

Antibodies to Phospholipids

As in SLE-associated APS, the serum of patients with PAPS generally contains anti-
bodies which have specificity for anionic phospholipids (such as cardiolipin and
phosphatidyl serine). Some cross-reactivity is sometimes seen with neutral phos-
pholipids (such as phosphatidyl choline), but this is much less common than in
patients who have raised aPL levels in the context of infections [28].

Antibodies to β2-glycoprotein I

Initially, aCL assays were performed in the presence of serum. Removal of serum
factors resulted in a drop in detection of aCL, suggesting that serum proteins might
be involved in the binding of the antibodies to cardiolipin. Considerable interest
was generated when β2-glycoprotein I (β2-GPI) was identified as a cofactor for the
binding of aCL [29], and was shown to potentiate the anticoagulant activity of aCL
[30]. β2-GPI is a 50 kD heavily glycosylated protein which binds negatively charged
molecules such as phospholipids. It is thought to act as a natural inhibitor of throm-
bosis by inhibiting the conversion of prothrombin to thrombin, the activation of
the intrinsic clotting cascade, and protein C activation [31].

Different populations of aCL exist. Although some bind phospholipid in the
absence of β2-GPI, if high sensitivity microtiter plates are employed most aCL can
be shown to bind to β2-GPI [32–35]. This may be through an epitope on native,
unbound β2-GPI ; or through the revealing of a cryptic epitope on the β2-GPI mole-
cule [36]. Furthermore, there is evidence for the binding of aPL to different domains
of β2-GPI , although binding to domain I may predominate (reviewed in [36]).
Those antibodies which bind to cardiolipin in the absence of serum factors can have
their binding disrupted by addition of human β2-GPI , suggesting competition at
this phospholipid site [35]. These conflicting results may simply reflect the exis-
tence of different subpopulations of aPL within the sera of individuals with APS.
What is clear is that, for the majority of so-called aPL that are detected by ELISA in
the serum of patients with APS, anionic phospholipid such as cardiolipin is not the
antigen to which those antibodies are actually binding.

Antibodies to Prothrombin

While anti-prothrombin antibodies may be responsible for the in vitro phenome-
non of the LA, in vivo their presence may be associated with a tendency to increased



coagulation. This is an area of controversy, with some groups reporting an associa-
tion between the presence of anti-prothrombin antibodies and clinical or hemato-
logical features of APS [37–39], and other groups finding no association [40–42].
This may be explained by different detection methods and by the presence of anti-
bodies with different epitope specificities [43], resulting in different functional
properties [44, 45].

Antibodies to Platelets

There is now considerable evidence for platelet activation in APS. This may occur
primarily through the binding of antibodies to β2-GPI [27]. Specific antiplatelet
antibodies have been described in APS. These are frequently seen in SLE, but may
also be detected in PAPS. Two studies of platelet antibodies looked exclusively at
patients with PAPS. They reported conflicting results as to the relationship with
thrombocytopenia.

Godeau et al [46] studied 25 PAPS patients of whom 15 had thrombocytopenia
and 10 had normal platelet counts. They found 73% of thrombocytopenic patients
had serum platelet antibodies. The most common specificity was for the surface gly-
coprotein GpIIbIIIa. Only 10% of non-thrombocytopenic patients were platelet
antibody positive.

In a study by Panzer et al [47], 22 patients with PAPS were examined for platelet
antibodies. Fifteen of 22 had raised levels for such antibodies (mainly GPIIbIIIa)
but they found no correlation with the presence of thrombocytopenia, LA activity,
or history of thromboembolic disease.

Others

Several other ligand binding specificities have been described in APS [27]. These
include antibodies to complement factor H, which has high homology to β2-GPI
[48], and antibodies to clotting factors X and V, which have LA activity. Some are
not detectable in standard assays used in APS and include antibodies to a number
of regulatory proteins of the coagulation and fibrinolytic pathways, for example,
protein C, protein S, thrombomodulin, annexin V, and kininogens [35]. The ways in
which these antibodies might contribute to the features of APS are discussed else-
where [27].

Antibody Sensitivity and Specificity In PAPS

Diagnosis

To date, solid-phase assays for aCL have provided the main laboratory test in the
diagnosis of SLE-associated APS and PAPS. More recently, interest has grown in
assays for co-factor antibodies, the detection of which appears to improve diagnos-
tic accuracy. Cabiedes et al [49] studied the prevalence of anti–β2-GPI antibodies in
patients with SLE. Thirty-five out of 39 patients with associated APS had antibodies
to β2-GPI, compared to only 2 out of 55 SLE patients with no evidence of APS (P <
0.0001). Najmey et al in 1997 [50] conducted a meta-analysis on the use of anti–β2-
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GPI antibodies in the diagnosis of APS. They selected studies where anti–β2-GPI
antibodies had been measured and where clinical details of patients were available.
Studies included patients with both SLE and PAPS. A total of 90 individuals were
included, of which 65 had two or more clinical manifestations of APS. Anti–β2-GPI
antibodies were present in 89% of APS patients compared to 44% of those who
failed to fulfill criteria for the syndrome. No significant difference was found in
levels of anti–β2-GPI antibodies between PAPS and SLE-associated APS.

These observations of the diagnostic specificities of β2-GPI antibodies in the diag-
nosis of APS have been mirrored by two studies in PAPS. Cabral et al [51] studied 15
patients with PAPS, 13 aCL-positive syphilis controls, and 76 healthy controls. They
found antibodies to β2-GPI in 12 out of 15 patients with PAPS compared to none in
the syphilis or healthy control groups (P < 0.0001). Day et al [52] studied the preva-
lence of these antibodies in patients with PAPS or SLE-associated APS. They
demonstrated a high prevalence of IgG anti–β2-GPI antibodies in PAPS (58%) com-
pared to SLE-associated APS (33%; P = 0.008). They suggested that using a combi-
nation of anti–β2-GPI antibodies, aCL, and the LA test would improve diagnostic
accuracy.

Clinical Disease Prediction

It has long been known that aCL titer, isotype, and ligand specificity predict clinical
sequelae in APS in the context of SLE. For instance, fetal loss is associated with high
aCL titers [53] and the presence of IgG, but not IgM or IgA aCL, have good diagnos-
tic accuracy in identifying a preceding history of thrombosis [54]. Viard et al [55]
have demonstrated a higher level of thrombosis in those with anti–β2-GPI antibod-
ies compared to aCL, and Lopez-Sotol et al [56] showed that IgM aCL is more often
associated with hemolytic anemia at presentation, whereas raised IgG antibodies
are more likely to be associated with thrombosis, thrombocytopenia, and pregnancy
loss.

Most clinicians in the field feel that a similar pattern of association holds true for
PAPS. However, there are relatively few data. Levine et al [57] showed that high aCL
titers were associated with a shorter time to recurrence of cerebral ischaemia com-
pared to low titers. Prothrombin antibodies have been shown to be predictive of
risk of myocardial infarct in middle-aged men without SLE [58].

Classification Criteria for PAPS

Classification criteria for APS were first suggested by Harris et al [15] in 1987. They
initially included:

(i) thrombosis (venous or arterial) or
(ii) miscarriage (at least two)
and
(iii) LA or aCL (> 20 units, IgG or IgM), identified on two occasions more than 8

weeks apart.

Following this, Alarcon-Segovia et al [59] proposed more detailed criteria which
took into consideration of both the number of aCL-related manifestations and aCL
titers (Table 15.2).
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These criteria do not take into account the presence of antibodies of other rele-
vant specificities, such as β2-GPI and prothrombin antibodies. Such criteria may
therefore fail to recognize small but significant groups of patients. Indeed, there are
clearly documented cases in the literature of patients with the clinical features of
APS who have raised levels of β2-GPI antibodies but no detectable levels of aCL by
standard antiphospholipid assays [60, 61]. It is therefore likely that in the future
such antibodies will be included in the classification criteria.

It is generally accepted that criteria for the diagnosis of PAPS should include: (i)
fulfillment of criteria for APS and (ii) exclusion of the diagnosis of an underlying
connective tissue disease, in particular SLE.

In practice this can be difficult. Several of the clinical criteria for the classification
of SLE are shared by the APS. For example, thrombocytopenia and pleuritic chest
pain are clinical manifestations of both SLE and APS even though the underlying
pathology may be different [62]. This led Piette et al [63] to propose specific exclu-
sion criteria for primary APS (Table 15.3). The presence of any of the listed clinical
features would exclude the diagnosis of PAPS. They stipulate that a follow up of
longer than 5 years after the first clinical manifestation is necessary to rule out the
subsequent emergence of SLE. This is, of course, an arbitrary period. In practice it
seems sensible to make a diagnosis of PAPS in patients with appropriate criteria,
while accepting that an associated connective tissue disease, such as SLE, may
present in time.

Stringent adherence to these guidelines will necessarily identify a large group of
patients who have neither SLE nor PAPS, and whose condition can be viewed as falling
into the category of lupus-like APS. In a proportion of such individuals – as in those
with true primary APS – a definitive diagnosis of SLE may emerge at a later date.

Clinical Presentation

APS is largely a non-inflammatory autoimmune disorder. In the most part, thrombo-
sis is the most important underlying pathological process and accounts for many of

Table 15.2. Preliminary classification criteria for antiphospholipid syndrome in patients with systemic lupus erythematosus .

A. Clinical manifestations associated with aPL.
Livedo reticularis
Thrombocytopenia
Recurrent fetal loss
Venous thrombosis
Hemolytic anemia
Arterial occlusion
Leg ulcer
Pulmonary hypertension
Transverse myelitis

B. Classification groups and APS categories
ACL level Number of clinical manifestations

2 1 0
High (> 5 SD) definite probable doubtful
Low (> 2, < 5 SD) probable doubtful negative
Negative (< 2 SD) doubtful negative Negative

Adapted from Alarcon-Segovia, 1992 [59].
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the clinical features of all forms of APS. The way in which it presents is similar in PAPS
and SLE-associated APS, although in the former the syndrome is often not defined
until a clinically apparent thrombosis has occurred. With patients who already have
SLE there is usually a heightened awareness of the possibility that features of APS may
develop. There have been a large number of studies and case reports documenting
clinical features in patients with PAPS. Allowing for differences in the selection and
reporting of cases, there is no reason to suppose that the spectrum of clinical features
in PAPS is significantly different from that seen in SLE-associated APS. All of the stan-
dard features of APS – such as venous or arterial thrombosis, fetal loss, thrombocy-
topenia, neurological disease, migraine, and livedo reticularis – are well described in
PAPS. Some of these areas are worth considering in more detail.

Thrombosis

In most other prothrombotic diseases – for example, protein C and S deficiency,
homocysteinuria, and antithrombin III deficiency – thromboses are usually
restricted to the venous or to the arterial vasculature. APS is unusual because both
systems may be affected. In any given patient, however, one arterial event is likely to
predispose to another arterial event; the same is true for venous thrombosis. These
observations apply to PAPS as well as to SLE-associated APS. Histologically, these
are generally bland thromboses with no evidence of vascular endothelial damage or
vasculitis [64], although vasculitis has been reported in some patients, especially
with lupus-associated APS [65].

Arterial and venous thromboses have been described in virtually every organ
system. Some examples of these occurring in PAPS are summarized in Table 15.4.

Although large and small vessel thrombosis can account for many of the organ
restricted clinical presentations, certain organ-specific features are less well charac-
terized. Some of these will be considered further.

Cardiovascular System

One of the most striking lesions seen in APS is the aseptic vegetation on cardiac
valves. Such vegetations, which are partly thrombotic, probably account for most

Table 15.3. Exclusion criteria for diagnosis of primary antiphospholipid syndrome.

The presence of any of these criteria excludes the diagnosis of primary antiphospholipid syndrome:
Malar rash
Discoid rash
Oral or pharyngeal ulceration, excluding nasal septum ulceration or perforation
Arthritis
Pleuritis, in the absence of pulmonary embolism or left-sided heart failure
Pericarditis, in the absence of myocardial infarction or uremia
Persistent proteinuria greater than 0.5 g/day, due to biopsy-proven immune  complex-related glomerulonephritis
Lymphopenia < 1.0 × 109/L
Antibodies to native DNA (detected by radio-immunoassay or Crithidia fluorescence)
Antibodies to extractable nuclear antigens
Anti-nuclear antibodies > 1:320
Treatment with drugs known to induce aPL

A follow up longer than 5 years after the first clinical manifestation is necessary to rule out the subsequent emergence of SLE.

Reproduced from Piette, 1993 [63].
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cases of Libman Sachs endocarditis seen in SLE. The advent of sensitive echocar-
diography has increased the frequency of diagnosis of such lesions. They have
been well described in PAPS. As in SLE, they are usually asymptomatic. Badui et
al [81] found them in 13 out of 20 women with PAPS. Most of these (10 patients)
were mitral, and all caused regurgitation. They authors also found electrocardio-
gram (ECG) abnormalities in 12 patients, and a raised pulmonary artery pressure
in 1. Other cardiac abnormalities have been described by Coudray et al [82]. They
studied 18 patients with PAPS who were asymptomatic for cardiac disease 
but who demonstrated abnormal relaxation and impaired filling dynamics of the
left ventricle on pulsed Doppler echocardiography. It may well be that such
cardiac pathology is due in part to coronary ischemia, but this has not yet been
established.

One retrospective study found 21% of patients under 45 years with acute myocar-
dial infarction had raised aCL levels [83]. These findings have been the subject of
some controversy, but raise the possibility that a significant proportion of young
patients with myocardial infarction may have a form of PAPS.

One area of recent interest in the antiphospholipid field is the association
between raised levels of aCL or related antibodies and arterial disease, in particular
arterosclerosis. This is considered elsewhere in this book. In patients with inflam-
matory disorders such as SLE, there are other risk factors for the development of
atheroma, including the inflammatory disease itself, and corticosteroid administra-
tion. However, there does appear to be a definite association with aCL themselves.
For instance, one group found an increase in carotid artery intima media thickness
in patients with PAPS compared to controls [84].

Central Nervous System

Neurological involvement is an important cause of morbidity and mortality in
PAPS. A wide range of clinical syndromes in the CNS have been described. Some,

Table 15.4. Thrombotic manifestations reported in primary antiphospholipid syndrome.

Organ No. of patients Clinical manifestations Author

Liver 10 Budd-Chiari syndrome Asherson, 1991 [66]
Pomeroy, 1984 [67]

1 Hepatic artery occlusion Mor, 1989 [68]
1 Portal hypertension Lee, 1997 [69]
1 Inferior vena cava thrombosis Tatrai, 1996 [70]

Kidney 1 Hypertension, renal artery thrombosis Asherson, 1991 [71]
1 Renal infarction and hypertension Sonpal, 1992 [72]

Adrenal 1 Hypoadrenalism Grottolo, 1998 [73]
1 Bilateral infarction Marie, 1997 [74]

Heart 1 Large vessel occlusion Takeuchi, 1998 [75]
Lungs 3 Primary pulmonary hypertension Nagai, 1997 [76]

Sandoval, 1996 [77]
CNS 40 CVA

Amaurosis fugax
Ischemic optic neuropathy
Retinal artery occlusion Levine, 1990 [78]

1 Arterial and venous thrombosis Keller, 1996 [79]
2 Superior sagital sinus thrombosis Nagai, 1998 [76]

Khoo, 1995 [80]
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such as stroke and chorea, are clearly associated with raised aCL, whilst others are
less well established, for example, migraine and Guillain-Barré syndrome. In some
instances it is likely that in situ thrombosis is responsible for the clinical manifesta-
tions, whereas in others embolic phenomena are likely to be important. The 1990
Antiphospholipid Antibodies in Stroke Study Group (APASS) study [85] reported
16 of 72 patients with cerebral ischemia who also had predominantly left-sided
cardiac valve lesions.

Several CNS syndromes have been associated with raised levels of aCL even though
many of these patients fail to fulfill current classification criteria for PAPS. In patients
with cerebral ischemia, an increased prevalence of aPL – 6.8% – has been found in
unselected patients with stroke [86], and this figure rises to 46% if  patients less than
50 years of age are selected [87]. The 1993 APASS study [88] evaluated 255 consecutive
first ischemic stroke patients and 255 matched controls for the presence of aCL as an
independent risk factor for stroke. The prevalence of aCL in the stroke group was 9.7%
compared with 4.3% in controls. They determined an odds ratio of 2.3 after adjust-
ment for other known risk factors for ischemic events. None of these patients had SLE.

A study by Verrot et al [89] looked at 163 patients with idiopathic epilepsy. They
found 19% positive for IgG aCL, but none fulfilled clinical criteria for APS. The
absence of any ischemic damage on MRI scan suggested that thromboembolism was
an unlikely cause of the epilepsy. This view is not shared by Inzelberg et al [90],
who claim that within an SLE population most patients with seizures have evidence
of ischaemic injury on magnetic resonance imaging (MRI).

Sneddon first described the clinical association of cerebro-vascular lesions and
livedo reticularis in 1965 [91]. Patients with this syndrome exhibit a range of neuro-
logical manifestations from headache, dizziness, and focal neurological deficits to
progressive cognitive defects and dementia. Kalashnikova et al [92] recognized the
association between aPL and the syndrome. Although not all patients express these
antibodies, those that do can be considered to have a subset of PAPS.

Chorea is usually a transient clinical manifestation that can occur in the presence
of aPL. Both SLE-associated and PAPS-associated disease is recognized [17]. In
patients with raised aPL levels, these movement disorders may be induced by
oestrogens, for example, the oral contraceptive pill [93] or by pregnancy [94].

Recurrent Abortion

Ten to 15% of all recognized pregnancies result in abortion. By far the majority of
these occur in the pre-embryonic (less than 5 weeks post menstrual date) or early
embryonic (between 5 and 10 weeks post menstrual date) periods. Thereafter, fetal
loss is rare. In a study by Goldstein [95], 232 women with apparently normal early
pregnancies were examined. More than 13% had pregnancy loss, of which 87%
occurred in the pre-embryonic or embryonic periods.

Several studies have examined the frequency of raised aCL in such individuals
who have recurrent miscarriages but who are otherwise healthy (Table 15.5). The
reported prevalence of aCL in this population varies from 7% to 42%. By far the
majority of these patients with raised aCL levels may be considered to have PAPS
rather than SLE-associated APS. The broad range of results is likely to reflect incon-
sistent aCL and LA tests, variability in the clinical criteria used in assessment of
recurrent miscarriages, and differences in patient selection. What is clear, however,
is that a significant population of these women do have raised aCL levels.
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These studies also failed to delineate accurately the stage of pregnancy loss.
Oshiro et al [101] have shown that 50% of pregnancy losses in aCL- or LA-positive
recurrent miscarriers (n = 76) were fetal deaths (>10 weeks) compared to only 15%
in aCL-negative recurrent miscarriers (n = 290). In other words, aCL is more
strongly associated with late abortion (sensitivity of 76%) compared to early losses
(sensitivity of 6%). This is not to say that aCL antibodies are not also associated
with early losses, but more common causes of early loss, such as genetic, hormonal,
and anatomical causes, are numerically more important. Low titer IgG and IgM
antibodies do not confer a greater miscarriage risk compared to normal controls in
some studies [102], whereas in others a significantly greater proportion of recurrent
miscarriage has been found [103].

Comparison of pregnancy loss in PAPS and SLE- associated APS is difficult
because of increased losses in lupus per se due to features such as renal impair-
ment. Furthermore, there is likely to be considerable selection bias against patients
with connective tissue diseases in recurrent miscarriage clinics in which most of
these studies have been performed. It is likely that most aCL-associated recurrent
miscarriage falls into the PAPS group. However, it is not an uncommon finding for
recurrent miscarriage to predate the diagnosis of SLE, suggesting that at least some
of these patients show an evolution from PAPS into SLE-associated APS [104].

Other pregnancy complications, such as intrauterine growth retardation, prema-
ture delivery, and pre-eclampsia, are seen in PAPS, as in SLE-associated APS.

Thrombocytopenia

Thrombocytopenia is a common manifestation of both SLE-associated APS and
PAPS but is generally mild. In a patient with lupus it is often difficult to determine
whether thrombocytopenia is APS related because low platelet counts are a frequent
manifestation of SLE itself. Both platelet autoantibodies and platelet activation have
been implicated in the pathogenesis of thrombocytopenia in APS, and platelet acti-
vation may also play a role in the development of thrombosis. Fanelli et al [105]
have found high levels of CD62 and CD63 (markers of platelet activation) on

Table 15.5. The prevalence of anticardiolipin antibody positivity in healthy women with recurrent abortions.

Author Patients Type of aPL No. of abortions SLE
Total no. %

Lockwood et al, 1986 [96] 55 27 IgG aCL > 2 ND
or IUGR 
or stillbirth

Cowchock et al, 1986 [97] 61 13.1 IgG of IgM aCL > 2 3*

Unanser et al, 1987 [98] 99 42%
10% IgG or IgM aCL

High titer IgG > 3 1
Petri et al, 1987 [99] 44 11 IgG aCL > 3 ND

Granger et al, 1997 [100] 387 16 IgG aCL or LA > 2 4

IUGR = intra-uterine growth retardation; ND = not determined.
*Serology suggestive of SLE.



platelets in patients with PAPS. Emmi et al [1066] have confirmed these high levels
of CD62 positive platelets in 16 patients with PAPS. They found that the level of
CD62 positivity in patients with neurological disease was significantly higher than
in PAPS patients without neurological manifestations. They also showed a linear
relationship in all patients between the aCL IgG level and the CD62-positive platelet
percentage. In PAPS – as in SLE-associated APS – thrombocytopenia is usually mild
(platelet counts are rarely lower than 80 x 109/L), and not usually of clinical
importance.

Catastrophic APS

This syndrome has been described in PAPS as well as SLE-associated APS and is
considered further elsewhere in this book.

Progression of PAPS to SLE

It has been the experience of many physicians in the field that a small proportion
of patients with PAPS may later develop SLE. Two groups reported an incidence
of 4% to 10% [22, 107], while two other groups found no such progression [18,
108]. In a more recent study of 14 children with PAPS, three developed SLE or a
lupus-like syndrome during a median follow up of 6 years [109]. These results
should be interpreted with care, since the follow-up periods were probably not
long enough to assess the frequency of progression, which may take several years.
It is certainly important for physicians looking after patients with PAPS to be
aware that the disease may “spread” to involve SLE or an SLE-like disorder at any
stage.

Treatment in PAPS

The principles of managing patients with PAPS are broadly similar to those for
patients with SLE-associated APS. They are covered elsewhere in this book.

Conclusion

PAPS has emerged as an important disease entity. Depending on the organ systems
involved, it can produce a highly variable clinical picture, with severity ranging
from mild asymptomatic disease (often undiagnosed) to major life-threatening
events. It may be regarded as the pure form of a condition which is also frequently
seen in the context of other autoimmune diseases. In particular it is intricately
linked to APS seen in the context of SLE; and these two variants of the condition
appear to behave in a similar fashion. Defining PAPS provides us with the opportu-
nity to study the disease in the absence of other co-morbid conditions such as SLE.
Advances in our understanding of the pathogenesis of PAPS should facilitate the
development of improved treatment and outlook for patients with all forms of the
APS.
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16 Catastrophic Antiphospholipid Syndrome
H. Michael Belmont

Introduction

The syndrome of multiple vascular occlusions associated with high titer anti-
phospholipid antibodies (aPL) is known as catastrophic antiphospholipid syndrome
(CAPS). Although antiphospholipid syndrome (APS) is typically characterized by
thrombotic events that either occur singly or, when recurrent, are seen many
months or even years apart, some patients with this syndrome may develop wide-
spread, non-inflammatory vascular occlusions.

The first reports of patients with multiple non-inflammatory vascular occlusions
appeared in 1974, by Dosekun [1], and in 1987, by Ingram [2]. However, it was not
until Greisman reported in 1991 on two patients with “acute, catastrophic, wide-
spread non-inflammatory visceral vascular occlusions associated with high titer
antiphospholipid antibodies” that the full spectrum of clinical features associated
with aPL became appreciated [3]. This spectrum was outlined in an editorial by
Harris and Bos [4] that accompanied the Greissman report [3]. The authors
described two additional patients with “acute disseminated coagulopathy–
vasculopathy associated with antiphospholipid syndrome” and identified three
cohorts of patients with these antibodies. They recognized that aPL may be
“asymptomatic” and observed in patients free of thrombosis or associated with one
or two episodes of thrombosis typically involving only one artery or vein at a time
with long periods (months to years) free of occlusive events. Alternatively, aPL may
confer a risk for an ominous disorder characterized by multiple, typically three or
more, wide-spread thrombotic occlusions often with marked ischemic changes in
the extremities, livido reticularis, as well as renal, cerebral, myocardial, pulmonary,
and other visceral organ thrombotic vasculopathy. Asherson, describing 10 such
patients in an article published in 1992, first proposed the term catastrophic APS [5].

Over the past 12 years, several reviews of CAPS have been published [6–9]. It is
estimated that CAPS comprises 1% of cases of APS syndrome. To date, approxi-
mately 250 cases are described in the literature. In 2000, an international registry of
patients with CAPS was created by the European Forum on Antiphospholipid
Antibodies and can be referenced via the internet at http://www.med.ub.es/
MIMMUN/FORUM/CAPS.HTM, consisting of 220 patients as of August 1, 2004 [10].
Additionally, a set of classification criteria for CAPS was presented at the 10th
International Congress on Antiphospholipid Antibodies in 2002 at Taormina, Sicily
(Table 16.1) [11–13].This chapter will describe the clinical, therapeutic, and patho-
genic aspects of this condition.
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Clinical Aspects

Patients with catastrophic APS can be broadly categorized into those with systemic
lupus erythematosus (SLE), “lupus-like” illness satisfying two to three of the
modified ACR criteria, primary APS, or secondary to an another autoimmune, con-
nective tissue disease such as rheumatoid arthritis, scleroderma, dermatomyositis,
polychondritis, primary, systemic necrotizing vasculitis, inflammatory bowel
disease, or Behcet’s syndrome [14–21].

Demographic Characteristics

Amongst 220 patients with catastrophic APS in the registry, 156 (70%) are females
and 64 (30%) males (2.5:1 female:male ratio) with an age range of 9 to 74 years and
an average of 36 years. Thirteen (6%) patients developed the clinical picture before
the age of 16 and 19 (9%) after the age of 60. Ninety-one (41%) patients who devel-
oped acute, multi-organ involvement suffered from primary APS, 79 (36%) from
SLE, 12 (5%) from “lupus-like” illness, and 9 (4%) from other connective tissue
disease.

Preceding Thrombotic History

A slight majority (112/220, 50%) of the patients had a prior history of throm-
bophilia and thrombotic event. A total of 42 (19%) of the 220 patients had a history
of venothromboembolic phenomena, including deep venous thrombophlebitis

Table 16.1. Criteria for the classification of catastrophic antiphospholipid antibody syndrome.

Criteria for the classification of catastrophic antiphospholipid antibody syndrome:
1. Evidence of involvement of three or more organs, systems, or tissues.
2. Development of manifestations simultaneously or in less than a week.
3. Confirmation by histopathology of small vessel occlusion in at least one organ or tissue.†

4. Laboratory confirmation of the presence of aPL (lupus anticoagulant or aCL).

Definite catastrophic antiphospholipid antibody syndrome
All four criteria.

Probable catastrophic antiphospholipid antibody syndrome
All four criteria, except only two organs, systems, or tissues are involved.
All four criteria, except for the absence of laboratory confirmation at least 6 weeks apart because of the early death of a 

patient never previously tested for aPL before the catastrophic event.
Criteria 1, 2, and 4 antiphospholipid.
Criteria 1, 3, and 4, and the development of a third event in more than a week, but less  than a month, despite 

anticoagulation.

Usually, clinical evidence of vessel occlusions, confirmed by imaging techniques when appropriate. Renal involvement is
defined by a 50% rise in serum creatinine, severe systemic hypertension (greater than 190/110 mm Hg), or proteinuria
(greater than 500 mg/24 hours). 
†For histopathologic confirmation, significant evidence of thrombosis must be present, although vasculitis may coexist
occasionally. If the patient has not been previously diagnosed as having APS, the laboratory confirmation requires that the
presence of aPL must be detected on two or more occasions at least 6 weeks apart (not necessarily at the time of the event),
according to the proposed clinical criteria for the classification of definite APS.
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(DVT), pulmonary embolism, superior and inferior vena cava thrombosis, or Budd-
Chian syndrome (hepatic vein thrombosis).

In addition to venous events, previous major arterial occlusions occurred in 29
(13%) of the CAPS patients. Femoral, popliteal, and digital artery peripheral arterial
occlusions were reported, as well as myocardial infarctions, cerebral events as tran-
sient ischemic attacks or completed cerebral vascular accidents, adrenal infarction,
renal infarction, and mesenteric and splenic artery thrombosis. Spontaneous fetal
losses had occurred in only 18 (8%) of the 156 female patients and thrombocytope-
nia in 28 (13%). One patient 31 years before developing CAPS had experienced an
atypical pre-eclampsia – eclampsia presentation known as the HELLP syndrome
(hemolysis, elevated liver enzymes, and low platelets) [19]. Other potential throm-
botic manifestations of pre-existing hypercoagulability include non-healing
cutaneous ulcers.

Potential Precipitating Factors

In 130 (59%) of the patients, precipitating factors may have contributed to the
development of CAPS. These included infections in 33 (15%) patients, postpartum
or recent fetal loss in 7 (3%), and minor surgical procedures or surgery in 19 (9%).
Additional precipitating clinical features include malignancy, medication, anticoag-
ulation withdrawal, and SLE exacerbation. The biological significance of these risks
is uncertain. As this summary data was culled from numerous investigators’ pub-
lished reports, it may contain biases. The likelihood that the authors ascertained
potential risks and chose to include the information can not be certain. Only a
prospective study which is designed to audit all identified, hypothetical risk factors
could reveal which are statistically significant associations reflective of causal bio-
logic etiologies of CAPS.

Clinical Presentation

Presentation of CAPS is often complex as it involves multiple organs concurrently
over a short period of time, typically days to weeks. Figure 16.1 shows the clinical
manifestations attributed to thrombotic events at the time of CAPS.

In CAPS, the most characteristic involvement is of renal, pulmonary, cerebral,
gastrointestinal, and cerebral vessels. In contrast to the non-catastrophic APS, DVT
is uncommon. However, atypical occlusive events such as of adrenal, pancreatic,
splenic, testicular, and cutaneous vessels typify CAPS.

In the 220 patients, 152 (70%) had renal involvement usually accompanied by
hypertension. Pathological material revealed renal microangiopathy with small
vessel occlusive disease.

Pulmonary involvement occurred in 142 (65%) of the patients. The spectrum of
features included severe dyspnea, frank adult respiratory distress syndrome
(ARDS), pulmonary emboli, sometimes multiple, pulmonary infarction, interstitial
infiltrates, and intra-alveolar hemorrhage.

The central nervous system was involved in 122 (55%) of patients, often as major
cerebral infarctions on computerized tomography (CT) or magnetic resonance
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imaging (MRI) scans. Additional manifestations include cerebral sinus thrombosis
and seizures. Microthrombi and microinfarctions in pathological material obtained
from patients suggests that the thrombophilia that characterizes CAPS results in
thrombotic events involving the micro-circulation.

Cardiac manifestations were described in 108 (50%) patients, although typical
myocardial infarction occurred no more often than diffuse myocardial involvement
with congestive heart failure or vale lesions. Again, pathological material revealed
multiple myocardial microthrombi.

Ninety-seven (44%) patients had gastrointestinal involvement. Vascular occlu-
sions of mesenteric, portal, and inferior vena cava were common and arterial occlu-
sions were accompanied by gangrene of the bowels and splenic infarctions. Hepatic
involvement and pancreatitis were not uncommon. Microthrombi characterized the
organs examined at autopsy.
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Figure 16.1. Clinical manifestations of catastrophic antiphospholipid syndrome.



Adrenal thrombosis was present in 23 (11%) patients. Additional unusual fea-
tures of CAPS include testicular infarction and necrosis of the prostate gland.
Another characteristic feature was skin involvement, with 93 (42%) demonstrating
livedo reticularis, ulcerations, gangrene, purpura, acrocyanosis, or digital ischemia.

Laboratory Findings

Thrombocytopenia (< 100,000/mm) was reported in 100 (46%) patients, hemolytic
anemia in 60 (27%), findings consistent with disseminated intravascular coagula-
tion (DIC) (prolonged coagulation tests with increased fibrinogen degradation
factors and hypofibrinogenemia) in 36 (16%), and evidence of microangiopathy
with schistocytes (fragmented erythrocytes) reported in peripheral blood smears in
23 (13%) patients. Lupus anticoagulant was detected in 173 (79%) of the patients
and anticardiolipin antibodies (aCL) were positive in 190 (86%) patients. The anti-
nuclear antibodies (ANA) was positive in 105 (48%) patients including in high titer.

Outcome

Death occurred in 104 of the 220 (47%) patients and most commonly from cardiac
events, predominately from myocardial microthrombi producing cardiac failure, or
less often acute myocardial infarction. Respiratory failure especially with ARDS or
diffuse alveolar hemorrhage was often a complicating feature in fatal cases.
Cerebrovascular involvement was a less common cause of death, although coma,
large vessel strokes, multiple small vessel strokes, seizures, and cerebral hemor-
rhage contributed to significant morbidity. Renal involvement, although a
common clinical feature, was not a usual cause of death. Death occurred from
gastrointestinal involvement in patients related to esophageal perforation and
bowel infarction. Surviving an episode of CAPS is typically associated with a
good prognosis, as only 26% develop further APS-related episodes [22], but
without features of the catastrophic syndrome. Only a single example of recur-
rent CAPS has appeared in the literature.

Therapeutic Aspects

In the absence of randomized controlled trials, optimal therapy for patients with
catastrophic APS is uncertain. In contrast to the experience with APS where
Khamashta [23] reviewed retrospectively, in 147 patients, the efficacy of warfarin,
low-dose aspirin, or both in the secondary prevention of thrombosis, no single
center, large series of patients with CAPS exists. A more recent prospective random-
ized trial of 114 APS patients suggested that more moderate-intensity warfarin anti-
coagulation was no less effective in preventing thrombotic recurrences as compared
to high intensity [24]. Treatment is therefore empiric. Because catastrophic APS is a
thrombophilic disorder characterized by wide-spread microvasculopathy, the
rationale of treatment is to prevent thrombosis by anticoagulation, to prevent
the production and circulation of mediators (i.e., aPL, cytokines, complement
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degradation products, anti-endothelial cell antibodies, etc.) which generate the
hypercoagulable state, or to prevent both. In other words, treatment may consist of
anticoagulation, immunosuppressives, such as corticosteroids or cytotoxics, or
plasmapheresis. The role of antiplatelet agents, prostacyclin, intravenous
immunoglobulin, ancrod, defibrotide, and other fibrinolytic treatment is less
certain.

Patients treated with the combination of anticoagulation in addition to
steroids plus a therapy which can achieve a prompt reduction in aPL titer, either
plasmapheresis [25] or intravenous gammaglobulin [26], had the highest survival
rate of almost 70% [6–9]. A role for cyclophosphamide is suggested by its use in
many of the most severe cases, CAPS accompanying SLE, and knowledge it pre-
vents the rebound production of pathogenic autoantibodies by autoaggresive
lymphocytes. Patients have received ancrod, purified fraction of Malayan snake
pit viper venom, as well as defibrotide [6–9] and fibrinolytics such as strep-
tokinase [27] with uncertain benefit.

Pathogenic Aspects

Catastrophic APS occurs in a minority of patients with aPL, is characterized by
acute, vascular occlusions involving multiple organs, and is an example of 
a non-inflammatory thrombotic microvasculopathy. The pathogenesis of
microvasculopathy in autoimmune disease includes: (1) classic leukocytoclastic
vasculitis secondary to subendothelial immune complex deposition in vessel
walls; (2) leukothrombosis secondary to intravascular activation of complement,
neutrophils, and endothelium in the absence of local immune complex
deposition; or (3) thrombosis of vessels secondary to a non-inflammatory vascu-
lopathy [28–30].

Besides APS, other thrombotic microangiopathic syndromes include thrombotic
thrombocytopenia purpura (TTP), hemolytic uremic syndrome (HUS), DIC, and
HELLP syndrome. The latter is an uncommon complication of pregnancy and,
interestingly, Neuwelt described a woman who developed catastrophic APS 31 years
after a pregnancy accompanied by HELLP, suggesting a unifying pathophysiologic
mechanism [25]. On the other hand, evidence suggests that an inhibitor of von
Willebrand factor-cleaving protease (ADAMTS-13) causes the thrombotic microan-
giopathic hemolytic anemia that characterizes autoimmune associated TTP [31].
The uncatabolized von Willebrand multimers promote disseminated intravascular
platelet aggregation.

The diffuse and multiorgan, yet episodic, nature of CAPS occurring in only a
minority of patients with likely long-standing circulating aPL is consistent with the
hypothesis that an additional biological factor is required for wide-spread
microvasculopathy. A candidate target for activation that would then be permissive
for the development of APS is endothelial cells [28, 30]. There are groups of
immune stimuli that activate endothelial cells and likely contribute to providing
preparatory signals for CAPS. These stimuli include cytokines, complement compo-
nents, and autoantibodies.

Cytokines are likely to be important mediators of endothelial cell activation
required for the development of catastrophic APS. Tumor necrosis factor α (TNF-α),
interferon α (INF-α), and interleukin-1 (IL-1) each stimulate endothelial cells [32].



It should be noted that while endothelial cells may be acted upon by cytokines pro-
duced by other inflammatory cells, they also can be stimulated to produce cytokines
such as IL-1, IL-6, IL-8, and TNF-α, which can act as autacoids to upregulate adhe-
sion molecule expression [34].

Several products of the activated complement system (e.g., C3b, iC3b, and C5a)
are known to activate the endothelium [33]. Additionally, assembly of the mem-
brane attack complex (MAC), consisting of C5b-9, on endothelial cells results in
the up-regulation of adhesion molecules [32]. Specifically, MAC has been shown
to participate in the upregulation of endothelial cell tissue factor activity and this
expression of tissue factor by the endothelium promotes a procoagulant state that
is likely to contribute to the vascular injury typical of catastrophic APS [35].
There is also evidence that Clq is a cofactor required for immune complexes 
to stimulate endothelial expression of E-selectin, ICAM-1, and VCAM-1 [36].
Finally, the essential role for complement components and neutrophils in APS,
especially in the circumstance of placental vasculopathy that underlies fetal loss,
is supported by experimental studies where antibodies that block C5a-polymor-
phonuclear leukocyte C5a receptor interactions prevent complications in preg-
nant mice which receive human IgG containing aPL antibodies [37–39]. These
findings are further confirmed by experience with using C3 convertase inhibitor
complement receptor 1–related gene, as well as C3 deficient mice, both of which
mitigates fetal loss [38].

Autoantibodies including aPL, anti-endothelial cell, and anti-dsDNA have each
been demonstrated to react with endothelial cells in vitro, provide a stimulatory
signal, and upregulate adhesion molecules or tissue factor [40, 41]. Antiendothelial
cells, for example, have the capacity to increase tissue factor expression. Anti-DNA
antibodies stimulate the release of IL-1 and IL-6 from human endothelial cells. In
studies, the incubation of endothelial cells with purified IgG containing anti-dsDNA
(compared with those incubated with anti-dsDNA–depleted IgG) caused a
significant increase of supernatant IL-1 and IL-6 in association with increased
mRNA expression of these cytokines. Moreover, using a similar strategy, the upreg-
ulation of adhesion molecule expression on endothelial cells by anti-DNA autoanti-
bodies in patients with SLE was demonstrated. Simanitov showed that IgG from
patients with aPL is able to enhance endothelial cell adhesion molecule expression
and monocyte adherence [42]. This capacity of aPL to activate endothelial cells may
be required in catastrophic APS before aPL interacts with platelets or coagulation
proteins to mediate diffuse thrombotic microvasculopathy.

The activation of endothelial cells and accompanying upregulation of adhesion
molecules and tissue factor is likely pivotal to the development of CAPS. It is the
collaboration of cytokines, activated complement components, and autoantibodies
that act on endothelial cells to increase its adhesiveness and procoagulant activity
that provides the preparatory signals for aPL in CAPS. These same mediators can
act on leukocytes and platelets to increase their adhesion to vascular endothelium
and to promote microthrombosis and the local release of toxic mediators, including
proteases and oxygen-derived free radicals [28, 30, 32]. This interaction between
activated endothelial cells, neutrophils, and platelets in the presence of aPL gener-
ates the diffuse microvasculopathy that characterizes CAPS. This widespread,
thrombotic microvasculopathy is responsible for the clinical features of cata-
strophic APS by producing tissue injury, which can include pulmonary capillary
leak or ARDS, brain capillary leak or “acute cerebral distress syndrome,” myocar-
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dial dysfunction and potentially systemic inflammatory response syndrome (SIRS)
with multi-organ failure [29].

It is now recognized that SIRS may arise both from sepsis and from non-
infectious causes, such as immune-mediated organ injury [43]. SIRS is a reaction
characterized by widespread inflammation primarily affecting vascular endothe-
lium, however, the same cascade of mediators have been invoked in catastrophic
APS [44]. The main endogenous mediators of both include TNF-á and IL-1 with a
prominent role for platelet-activating factor, vasodilator prostaglandins, comple-
ment activation, and upregulation of adhesion molecules on leukocytes, platelets,
and endothelial cells [45]. CAPS and SIRS share similar clinical consequences with
multiorgan failure and manifestations, which include impaired renal function,
ARDS, cerebral dysfunction, decreased myocardial contractility, and catecholamine
unresponsive hypotension.

Summary

CAPS develops in a minority (1%) of patients with aPL and is characterized by
acute, vascular occlusion involving three or more organs. The disorder is character-
ized by a diffuse thrombotic microvasculopathy with a predilection for kidney,
lung, brain, heart, skin, and gastrointestinal tract. Treatment is empiric and,
although mortality may approach 50%, outcomes appear best for patients that
receive combinations of heparin anticoagulation, steroids, plasmapheresis, intra-
venous gammaglobulin, and, in the setting of SLE disease exacerbation, cyclophos-
phamide. The etiology of CAPS awaits clarification but likely involves the activation
of vascular endothelium to express surface adhesion molecules and possibly tissue
factor that interact with circulating cellular inflammatory cells, elements of the
phospholipid-dependent coagulation factors, and platelets in the presence of aPL.
Improved therapy awaits better understanding of the underlying immunologic,
coagulation, and vascular pathology.
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17 Obstetric Antiphospholipid Syndrome
T. Flint Porter, Robert M. Silver, and D. Ware Branch

Introduction

Clinicians first recognized that pregnancy loss was associated with antiphospholipid
antibodies (aPL) in the latter third of the last century. The term antiphospholipid
syndrome (APS) was introduced in 1986 [1] to formalize the association of aPL with
pregnancy loss, as well as with thrombotic events. Over a decade of subsequent
international laboratory and clinical experience led to the development of an
International Consensus Statement on preliminary criteria for definite APS pub-
lished in 1999 [2]. There is widespread recognition, however, that refining the diag-
nostic criteria of APS is an ongoing process [3]. In this regard, no area has
generated more controversies than obstetric APS, in part because of the substantial
differences in patient selection for various studies. The purpose of this chapter is to
critically analyze the relationship between aPL and obstetric problems, as well as to
outline appropriate management strategies when aPL are found in association with
pregnancy loss.

Pathogenesis of Obstetric Problems in APS

The potential complications of pregnancy in women with APS include pregnancy
loss (including fetal death and recurrent pre-embryonic and embryonic losses),
pre-eclampsia, and placental insufficiency. All have been ascribed to abnormal
placental function, probably resulting from maldevelopment of the uteroplacental
circulation. Extensive infarction, necrosis, and thrombosis were identified in pla-
centas from failed pregnancies in women with aPL in early reports [4–7]. A large
case-control study subsequently confirmed these findings, reporting thrombosis
or infarction in 82% of placentas from women with aPL and fetal death [8]. A
spiral arterial vasculopathy in decidual vessels also has been linked to aPL-related
fetal loss [4, 7]. It must be said, however, that the histological abnormalities seen
in APS cases are non-specific. The decidual vasculopathy described in some APS
cases, which is characterized by acute atherosis, intimal thickening, fibrinoid
necrosis, and an absence of the normal physiologic changes in the spiral arteries,
also has been associated with pre-eclampsia and fetal growth restriction [9].
Furthermore, such findings are not always present in gestational tissues of women
with APS [10].
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How does maldevelopment of the uteroplacental circulation occur in APS? The
first investigators in the field assumed that the recognized hypercoagulability of
APS was in some way impacting the uteroplacental circulation. Interestingly, initial
opinion held that acute placental thrombosis in the second or third trimester might
be the culprit in APS-related placental insufficiency, or might be the final precipitat-
ing event in fetal loss or fetal distress. Numerous possible mechanisms of thrombo-
sis at the level of the maternal decidua and in the intervillous space have been
considered. Unfavorable alterations in the prostacyclin–thromboxane pathway [11]
and increased tissue factor expression [12, 13] have been implicated. An effect on
the protein C pathway is also a possible mechanism, particularly because antigenic
and functional levels of protein S decline in normal pregnancy and some pregnant
women develop acquired protein C resistance. Recent investigations have shown
that aPL disrupt the “antithrombotic shield” on trophoblasts formed by annexin V,
a protein with potent anticoagulant activity based on its high affinity binding to
anionic phospholipids, which, in turn, displaces coagulation factors from phospho-
lipid surfaces. Importantly, annexin V is very highly expressed by trophoblastic
cells, making it a prime candidate for aPL at the level of the placenta. Decreased
annexin V has been found on the villi of APS placentas [14], and aPL have been
shown to reduce annexin V expression on placental villi and cultured trophoblast
[14–16]. Finally, sophisticated techniques have been used to show that monoclonal
aPL disrupt the crystal formation of annexin V on phospholipid bilayers [17].

A number of non-thrombotic mechanisms by which aPL might cause placental
maldevelopment have also been proposed. Some investigators have found that aPL
appear to damage or hamper the normal biology of trophoblasts [18–20]. A
particularly attractive candidate mechanism for early pregnancy loss as well as
placental insufficiency in later pregnancy is aPL-mediated inhibition of tro-
phoblast invasion [19].

Within the last several years, two lines of experimental evidence suggest a more
traditional autoimmune inflammatory role for aPL in the placental damage and
maldevelopment. Because aPL also cross-react with oxidized low-density lipopro-
tein (LDL), a role for oxidant-mediated injury of placental vascular endothelium
has been suggested [21]. This is topical because of current interest in oxidative
stress as a causative or contributing factor in placental insufficiency, pre-eclampsia,
and fetal growth restriction [22]. LDL can be oxidized by trophoblastic cells, as well
as other cells present at the maternal–fetal interface [23]. Oxidized LDL itself can
inhibit trophoblast invasion in vitro [24]. Inconsistent findings and a lack of direct
evidence at the maternal–fetal interface are lingering problems with this concept, at
least in terms of adverse fetal outcome. Nonetheless, one can’t help but wonder
whether aPL might be generated in susceptible individuals by this process of oxida-
tive stress with oxidation of LDL.

Recent work in mice suggests that complement activation is crucial to aPL-
related fetal death and fetal growth restriction [25, 26]. This murine model employs
passive immunization with polyclonal human aPL IgG or monoclonal aPL and is
associated with a substantial rate of fetal death and fetal growth restriction. Local
(placental) IgG and C3 deposition are seen with aPL immunization, and there is a
robust infiltration with neutrophils. Blocking C3 convertase and C5–C5a receptor
interactions prevent aPL-mediated pregnancy complications in this model. Also,
genetically engineered mice deficient in C3, C4, or C5 and mice depleted of neu-
trophils are protected. It is worth noting that studies of human placentas from
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women with APS do not show prominent neutrophil infiltration. Perhaps, however,
the damage is already done (at an earlier gestational age) and inflammatory
markers and cells are no longer present by the time the placenta is delivered.

Pregnancy Loss Classification, Epidemiology, and Evaluation

Selected Aspects of Conceptus Development

For an understanding of the relationship between aPL and pregnancy loss, it is
important to clarify the nomenclature of pregnancy loss. Obstetricians traditionally
have grouped all pregnancy losses prior to 20 weeks’ gestation (menstrual dates)
together as “abortions” and the death of the fetus thereafter as a stillbirth. While
this classification has served a somewhat pragmatic role in reproductive record
keeping, it ignores precepts of developmental biology and the clinical realities of
pregnancy loss.

The development of the conceptus from fertilized egg to live born infant
involves numerous complex, inter-related steps. Largely different stages of con-
ceptus development are easily identified and are useful in understanding and
studying pregnancy loss. The pre-embryonic period lasts from conception through
the 4th week from the first day of the last menstrual period (3 weeks after fertiliza-
tion). During this period, the early trophoblast differentiates from the tissue des-
tined to become the embryo (the inner cell mass) and accomplishes implantation
into the maternal endometrium (days 6–7 after fertilization). The pre-embryo
develops into a bilaminar and then trilaminar disk of cells and microscopically
observable alterations of the cell disk define the cranial end of the central neural
axis of the pre-embryo. Oxygen and nutrient needs are met by diffusion across
maternal tissues. The embryonic period is thought to begin around the 5th week of
gestation, lasting through the 9th week of gestation. Authorities, according to
developmental criteria used, debate the exact beginning and end. During the
embryonic period, the trilaminar disk folds to become cylindrical, the head and
tail regions become recognizable as cranial and caudal folds, definite segmentation
is seen, and all organs form (organogenesis). The fetal period begins at the 10th
week of gestation and extends through pregnancy until delivery. This period is
characterized by substantial growth and differentiation of previously formed
structures with relatively little organogenesis.

There are also distinct phases in the development of the placenta and the mater-
nal–fetal circulation. Careful histological examination [27] and Doppler ultrasound
[28] indicate that normal pregnancies are characterized by obstruction of uteropla-
cental arteries by invading trophoblastic cells which severely limits maternal blood
flow into the intervillous tissue during the first 10 to 12 weeks. During this time, the
intervillous space is filled with an acellular fluid [27, 29], and the environment is rel-
atively hypoxic [30]. Although there appears to be considerable individual varia-
tion, trophoblastic regression and dislocation of arteriolar trophoblastic plugs
beginning at 10 weeks’ gestation allow initiation of true intervillous blood flow and
a concomitant increase in the intervillous oxygen tension. Until this transpires, it is
thought that oxygenation of the embryonic tissues occurs largely through diffusion
across adjacent tissues, rather than through an organized circulatory delivery.
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Classification Aspects of Pregnancy Loss

The classification of pregnancy loss is often made difficult because of the nature of
its clinical presentation. The demise of the conceptus usually precedes the symp-
toms of miscarriage, typically uterine bleeding and cramping, by at least several
days, and often by a week or more. For example, the onset of bleeding at 10 to 12
weeks’ gestation represents pre-embryonic or embryonic losses in the vast majority
of cases. Furthermore, fetal death may not always precede miscarriage, as in cases of
cervical incompetence wherein the fetus is usually alive at the time of presentation.
Finally, the death of a live-born infant after 20 weeks’ gestation usually is recorded
as a “neonatal loss” or “neonatal death.”

Clinical Aspects of Pregnancy Loss

Human reproduction is inefficient, with an estimated 50% of conceptions failing [31].
The majority of these go unrecognized, occurring prior to or with the expected next
menses [32]. The clinical problem of “miscarriage” encompasses recognized preg-
nancies that progress beyond the expected next menses. Approximately 10% to 12%
of pregnancies end in spontaneous abortions prior to 12–14 weeks’ gestation (from
last menses), most of which are pre-embryonic or embryonic in nature. In a study of
232 women with apparently normal early pregnancies, Goldstein and colleagues [33]
showed that 13.4% had pregnancy loss. Nearly 90% occurred in the pre-embryonic or
embryonic periods, representing 12% of all pregnancies. Approximately 2% of preg-
nancies were lost as fetal deaths from 14 to 20 weeks’ gestation. The period from
8.5–14 weeks’ gestation appeared to be a period of infrequent embryonic or fetal loss
with no embryos alive at 8.5 weeks’ gestation dying before 14 weeks’ gestation, sug-
gesting that pregnancy loss is somewhat biphasic in its distribution. Including both
fetal deaths and early neonatal deaths, approximately 5% of all pregnancies end in
pregnancy loss from 14 weeks’ gestation through term [34–36].

The vast majority of pregnancy losses are sporadic in nature, that is, they occur as
an isolated event in a woman with other successful pregnancies. Recurrent preg-
nancy loss, traditionally defined as the loss of 3 or more consecutive pregnancies,
occurs in an estimated 0.5% to 1% of women. Most cases of recurrent pregnancy
loss are pre-embryonic or embryonic in nature; recurrent fetal death is much less
common. Widely accepted causes of recurrent pre-embryonic or embryonic loss are
listed in Table 17.1. Women with 3 successive pre-embryonic or embryonic losses
have a recurrence risk of approximately 25% to 30% [37–40]. Some investigators
have found that the risk of pre-embryonic or embryonic losses in a next pregnancy
increases after 4 or more successive miscarriages.

The risk of recurrent fetal death is less well understood. However, when one fetal
death has occurred, the risk increases substantially [41, 42]. In one study of over
350,000 women in Norway, investigators found that 1 previous fetal death between
16–27 weeks increased the risk of recurrence 20-fold, while a fetal death greater
than 28 weeks’ gestation increased the risk 5-fold. Samueloff [43] reported that the
risk fetal death increased 10-fold in patients with a fetal death after 20 weeks’ gesta-
tion. The commonly accepted causes of fetal death are listed in Table 17.2.

How is all of this important to APS? Harris listed “fetal loss” as the pregnancy loss
criterion for APS in his 1987 proposal entitled “The Syndrome of the Black Swan”
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[1], implying that embryonic loss or neonatal death would not qualify. The last 15
years has seen considerable debate regarding the nature of pregnancy loss associ-
ated with or attributable to aPL. The 1999 criteria proposed at the International
Antiphospholipid Symposium in Sapporo, Japan, probably reflect best the current

Table 17.1. Accepted or suspected causes of pregnancy loss.

Sporadic miscarriage < 10 weeks’ gestation
● Chromosomal abnormalities of the conceptus/placenta

Fetal loss
● Parental structural chromosome abnormalities
● Uterine anatomic abnormalities
● Antiphospholipid syndrome
● Thrombophilia, especially factor V Leiden, resistance to activated protein C, prothrombin 20210 mutation, protein 

S deficiency
● Intrauterine infection, especially viral infections
● Alloimmunization to Rh D antigen and other blood group antigens
● Feto-maternal hemorrhage
● Poorly controlled diabetes mellitus
● Maternal hypertension
● Cervical incompetence

Recurrent pre-embryonic or embryonic pregnancy loss 
● Parental structural chromosome abnormalities
● Uterine anatomic abnormalities, including congenital malformations
● Antiphospholipid syndrome
● Numeric chromosome abnormalities of the conceptus
● Molecular genetic abnormalities of the conceptus or placenta
● Hormonal and metabolic disorders
● Luteal phase defects
● Hypersecretion of luteinizing hormone
● Thrombophilia

Table 17.2. Suggested routine evaluation for recurrent pregnancy loss.

History
● Pattern and trimester of pregnancy losses and whether a live embryo or fetus was present
● Exposure to environmental toxins or drugs
● Known gynecologic or obstetric infections
● Features associated with APS
● Genetic relationship between reproductive partners (consanguinity)
● Family history of recurrent miscarriage or syndrome associated with embryonic or fetal loss
● Previous diagnostic tests and treatments

Physical
● General physical examination
● Examination of vagina, cervix, and uterus

Tests
● Hysterosalpingogram or hysteroscopy
● Parental karyotypes
● LA and aCL
● Thrombophilia evaluation (factor V Leiden, prothrombin 20210 mutation)
● Luteal phase endometrial biopsy; repeat in next cycle if abnormal
● Other laboratory tests suggested by history and physical examination



consensus [2]. These criteria include any of the following 3 different types of preg-
nancy loss as a clinical criterion for APS: (1) 1 or more unexplained deaths of a
morphologically normal fetus at or beyond the 10th week of gestation with normal
fetal morphology documented by ultrasound or direct examination of the fetus; (2)
1 or more premature births of a morphologically normal neonate at or before the
34th week of gestation because of severe pre-eclampsia or placental insufficiency;
(3) 3 or more consecutive spontaneous abortions before the 10th week of gestation
with maternal anatomic, hormonal abnormalities, and paternal and maternal chro-
mosomal causes excluded.

Evaluation of the Patient with Pregnancy Loss

From the standpoint of determining the cause of pregnancy loss, fetal loss is funda-
mentally different than pre-embryonic or embryonic loss. In cases of fetal loss, the
fetus itself may be examined. In addition, a wide variety of structural malforma-
tions and precursors to fetal death (such as hydrops fetalis) may be seen by sono-
graphic examination of the fetus in utero. The finding of a morphologically normal
fetus (postmortem changes aside) excludes a chromosomal abnormality in over
95% of cases [38]. In any case, chromosomal abnormalities are relatively infrequent
causes of fetal death, especially beyond 15–20 weeks’ gestation. The accepted or sus-
pected causes of fetal loss are shown in Table 17.1 

In contrast, the evaluation of a patient suffering recurrent early miscarriage is
less direct because morphological clues from the fetus are usually unavailable.
Chromosomal abnormalities are common causes of pre-embryonic or embryonic
loss, and are modestly common in recurrent pregnancy loss cases [43, 44]. The clin-
ical utility of pathologic evaluation of pre-embryonic and embryonic products of
conception is questionable because specimens usually contain only decidual and
placental tissue which demonstrate non-specific histological features that provide
little insight into the cause of pregnancy loss, cannot be used to distinguish between
sporadic and recurrent abortion, and provide no prognostic significance [45]. Early
pregnancy sonographic examination of the embryo is unlikely to identify malfor-
mations, especially when performed with anything less than state-of-the art equip-
ment and experienced personnel familiar with the morphology of the embryo. A
suggested evaluation for recurrent pregnancy loss is shown in Table 17.2. 

Pregnancy Loss and Antiphospholipid Antibodies

Type of Pregnancy Loss

aPL are not (frequently) associated with sporadic pregnancy loss at less than 20
weeks’ gestation [46]. A number of studies, however, indicate that positive tests for
lupus anticoagulant (LA) or IgG or IgM anticardiolipin antibodies (aCL) may be
found in up to 20% of women with “recurrent pregnancy loss” or “recurrent abor-
tion” [47–54]. It must be said that recurrent pregnancy loss is defined variably in
these studies as either 2 or more consecutive losses or 3 or more consecutive losses.
Also, not all required repeatedly positive tests to confirm the diagnosis of APS. In
most of these studies, the type of recurrent losses is not stated (i.e., recurrent 
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pre-embryonic or embryonic losses vs. recurrent fetal deaths versus a mixture of
the two). Moreover, the rigor with which other common causes of recurrent preg-
nancy loss have been ruled out is unclear in many studies. Thus, while most author-
ities agree that aPL are a “cause” of recurrent miscarriage, the frequency with which
otherwise healthy women with recurrent miscarriage have repeatedly positive aPL
results and all other causes of recurrent miscarriage excluded has not been studied
and confirmed by multiple centers.

In one study of a highly selected referral population of 366 women with 2 or more
consecutive pregnancy losses, investigators compared the types of prior pregnancy
losses in 76 women with and 290 women without LA or with greater than 20 G phos-
pholipid units (GPL) aCL [55] and found that women with moderate-to-high levels
of aPL had significantly different pregnancy loss histories compared to women
without high levels of aPL. Both groups of women had similar rates of prior preg-
nancy loss (84%). But, 50% of the prior losses in women with aPL were fetal deaths,
compared to less than 15% in women without aPL. More than 80% of women with
aPL had at least 1 fetal death, compared with less than 25% of women without aPL
(P < 0.001). Finally, the specificity of fetal death for the presence of aPL was 76%
compared to only 6% for 2 or more pre-embryonic or embryonic losses without
fetal death. Unfortunately, studies of fetal death or recurrent fetal death suffer from
the same shortcomings as those of recurrent miscarriage with regard to aPL.

If aPL are causative in terms of fetal compromise, why would they result in
recurrent early pregnancy loss in some patients and second or third trimester
complications in others? To be sure, the relationship between APS cases resulting
in adverse outcomes during the pre-embryonic and embryonic period (presenting
as recurrent early miscarriage) and those resulting in complications during the
fetal period (fetal death or premature delivery due to obstetric complications) is
seen as a continuum by some experts. It is possible that the same underlying
mechanism (e.g., aPL-mediated hypercoagulability) can operate along the contin-
uum of gestation to cause either predominantly first trimester or predominantly
second and third trimester complications. An alternative view holds that women
presenting with recurrent pre-embryonic and embryonic losses and aPL represent
a largely different patient population. Their pregnancy losses are likely due to
different mechanism(s) than later pregnancy complications, perhaps relating to
different aPL specificities or aPL operating on a fundamentally different patho-
physiological background.

Isotype and Levels of aPL

Many studies of recurrent pregnancy loss and aPL include a substantial proportion
of patients positive for low levels of IgG aCL or IgM aCL alone. However, the clinical
significance of low positive IgG aCL and isolated IgM aCL is questionable. In one
study [56], women with low positive IgG aCL or isolated IgM aCL had no greater
risk for aPL-related events than women who tested negative. In addition, their risk
for APS-associated complications was markedly lower than the risk in women with
LA or less than 20 GPL aCL antibodies. On the other hand, it is intriguing that two
studies found a significant proportion of women with recurrent pregnancy loss (pri-
marily pre-embryonic and embryonic losses) had normalized values indicating low
levels of IgG aCL antibodies (defined as > 95th or 99th percentiles) [54, 57]. In one
of these studies [54], those positive for low levels of IgG aCL antibodies did not have
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the clinical background typical of a population of women with well-characterized
APS (e.g., lupus, thrombosis, etc.).

It may be that low levels of aPL detected by immunoassay are associated with
recurrent pre-embryonic and embryonic loss, but that women with LA and moder-
ate-to-high levels of IgG aCL antibodies constitute a different population of
patients. Similar contentions may be raised regarding IgM aCL in the absence of
LA. To fully understand the significance of low levels of IgG aCL, isolated IgM aCL,
or phospholipid-binding autoantibodies other than LA and aCL, study subjects
must be meticulously characterized from a clinical standpoint and levels of aPL
carefully determined in a way that allows comparison between studies. Of course,
repeat testing and the inclusion of appropriate controls are crucial.

Patient Selection in Studies of aPL and Pregnancy Loss

Nowhere is the degree of variability in patient selection more evident or more
important than in treatment studies of women with aPL-related pregnancy loss.
Two recent reviews have thoroughly discussed this problem [58, 59]. Published
treatment studies have identified two major groups of patients found in clinical
practice: Group 1 – healthy women whose sole problem is recurrent early pregnancy
loss or at least 1 fetal loss; and Group 2 – women with high frequencies of fetal loss
(though not necessarily recurrent losses) in addition to systemic lupus erythemato-
sus (SLE), a thrombotic history, or combinations of these.

Thirteen prospective treatment studies of women falling into Group 1 above have
been published [60–72]. Direct comparison of most these studies is impossible due
to differing definitions for aPL and recurrent pregnancy loss and the gestational age
at which the treated pregnancies were enrolled or treatment initiated.
Inconsistencies in aPL testing between studies are easily illustrated. Two studies
excluded patients with a LA [61, 64], one did not test for LA [60], and three did not
test for IgM aCL [60, 65, 72]. Whether patients with low aCL levels fulfilled the sero-
logical criterion for APS because LA was present is not specified, and three studies
[61, 62, 64] specifically mention exclusion of patients with low aCL levels. The issue
of using standardized assays is not well addressed in many studies. Three studies
[62, 67, 69] did not report phospholipid dependency of coagulation abnormalities as
is required by international guidelines for LA testing. In one study LA was consid-
ered present when any of four clotting tests was prolonged, but mixing studies and a
neutralization procedure were not performed [65]. In all but two studies [60, 69]
published standards were used to define a positive aCL test. The antibody levels
allowing inclusion also varied widely. For example, the women included in these
studies had at least 5 [66, 67, 70] to 40 [72] GPL units and/or 3 [66, 70] to 21 [61, 64]
MPL units.

Some studies started evaluation of pregnancy outcome with a positive pregnancy
test [60–62, 64, 65, 69, 72] and categorized first trimester loss, blighted ovum, or
absent fetal heart beat as pregnancy loss. Others excluded such patients by virtue of
their inclusion after detection of an embryonic heartbeat [66, 68, 70].

Given these differences, it is not surprising that the prevalence of LA varied from
6% [63] to 91% [66] in 10 studies, and the frequency of a positive LA test in absence
of aCL varied from 6% [63] to 82% [66]. Positive tests for both LA and aCL were
present in from 9% [66] to 67% [72] of patients. Inclusion criteria varied widely
between studies. Three studies included patients with at least 2 unexplained losses
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before 12 weeks gestation or at least 1 pregnancy loss after 12 weeks [62, 63, 69].
Other studies included patients with at least 2 consecutive fetal losses before 32
weeks gestation [65] or at least three consecutive miscarriages [60, 61, 64, 66–68, 70].

It should come as no surprise that studies have reported considerable differences
in pregnancy outcomes, given the wide variety of inclusion criteria. Three studies
had treatment regimens which included prednisone and aspirin [62, 63, 65]. Live
birth rates were 75% for both treatment groups in the one study [62], and 100% in
another [63], and 60% of treated pregnancies and in 52% of pregnancies in which
placebo was given in a third [65]. A consistent theme among these studies was the
association between prednisone use and maternal morbidity and pre-term delivery,
often because of pre-term rupture of membranes or pre-eclampsia.

More recent treatment trials of women in Group 1 have studied various regimens of
heparin therapy, usually in combination with low-dose aspirin. Three have compared
heparin and aspirin to aspirin alone [61, 66, 68] and one study has compared two
dosages of heparin combined with low-dose aspirin [64]. Dosing regimens vary
widely between studies, making any direct comparisons difficult. Nevertheless, in two
studies, more live births (70%–80%) occurred in women treated with heparin and
aspirin than among women treated with aspirin alone [61, 66]. Low-dose heparin was
as effective as higher dose heparin in a third study [64]. However, a fourth study
found that low-molecular-weight heparin was no more effective than aspirin alone
[68]. Finally, a fifth study found that low-molecular-weight heparin plus aspirin was
as effective as intravenous immune globulin in promoting live births [72]. Rates of
maternal thrombosis, pre-eclampsia, and severe placental insufficiency were relatively
low in all studies, and did not differ between treatment groups. Our understanding of
the treatment of women in Group 1 is further complicated by the fact that a number
of studies have found excellent live birth rates and relatively low complication rates in
women treated with aspirin alone or supportive care [60, 62, 63, 67, 69].

Group 2 women, those with high frequencies of fetal loss, SLE, a thrombotic
history, or combinations of these, have been the focus of three prospective, observa-
tional studies [73–75], a retrospective analysis of heparin treatment [76], and one
randomized treatment study [77]. As with the studies of patients in Group 1, direct
comparison of these studies is virtually impossible due to differences in patient
selection, time of initiating treatments, and treatment regimens. Most of these
studies demonstrated live births in excess of 60% of treated patients. A majority of
women were treated with unfractionated heparin or low-molecular-weight heparin
in a variety of dosing regimens. However, in contrast to findings in studies of
women in Group 1, studies of women in Group 2 tend to show higher rates of
maternal and fetal complications in both treatment and non-treatment groups.
Indeed, in one study of well-characterized patients [74], pre-eclampsia occurred in
50% of pregnancies, and pre-term birth prior to 32 weeks’ gestation occurred in
nearly 40%. It is perhaps reassuring that the only prospective, randomized trial of
Group 2 women [77] found a large number of successful pregnancy outcomes with
pre-eclampsia and fetal distress in less than 40% of treated women.

Other Complications of Pregnancy in APS

The potential complications of pregnancy in women with APS not only include
pregnancy loss, but also pre-eclampsia and placental insufficiency. In addition,
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pregnant women with APS may suffer thrombosis (including stroke) and complica-
tions due to treatment. Those who also have SLE are also at risk for lupus exacerba-
tion during pregnancy.

In case series of women with a history of the most serious complications of APS
including fetal loss, SLE, thrombosis, or any combination of these, gestational
hypertension–pre-eclampsia is as high as 50%, with a median rate of 32% [74, 75,
78–80]. Placental insufficiency requiring delivery is also relatively frequent in some
of these case series [73–75]. Not surprisingly, the rate of pre-term birth in these
series ranges from 32% to 65% [74, 75, 78–80].

Women with APS without a history of thrombosis appear to have a substantial
risk (i.e., 1% to several percent) of thrombosis during pregnancy [74, 75], and
authorities generally recommend thromboprophylaxis and even full anticoagula-
tion [81, 82].

The potential complications of heparin treatment during pregnancy include hem-
orrhage, osteoporosis with fracture, and heparin-induced thrombocytopenia. The
reported rate of osteoporosis and associated fracture is low, though cases have
occurred, even with low-molecular-weight heparin [75]. Heparin-induced throm-
bocytopenia is also infrequent in pregnant women [83].

Management of APS in Pregnancy

Pre-conceptional Counseling

Patients with APS should undergo pre-conceptional assessment, which typically
includes a detailed medical and obstetrical history and documentation or
confirmation of significant levels of aPL. The patient should be informed of the
potential maternal and obstetrical problems, including fetal loss, thrombosis or
stroke, pre-eclampsia, fetal growth impairment, and pre-term delivery. In those
women who also have SLE, issues related to exacerbation of SLE also should be dis-
cussed. All patients with APS should be assessed for evidence of anemia and throm-
bocytopenia because both may occur in association with APS. Assessment for
underlying renal disease (urinalysis, a serum creatinine, 24-hour urine for creati-
nine clearance, and total protein) may be useful.

Antenatal Surveillance

Women with APS should be evaluated frequently during pregnancy and should be
instructed to notify their physician immediately with signs or symptoms of APS-
related complications, including thrombosis or thromboembolism. Serial aPL deter-
minations are not useful if the diagnosis of APS has already been confirmed. After
20 weeks’ gestation, the primary focus of antenatal visits is the detection of hyper-
tension and/or proteinuria. Starting at 18 to 20 weeks’ gestation, serial fetal ultra-
sound examination of fetal growth should begin and continue every 4–6 weeks in
order to identify uteroplacental insufficiency. Fetal surveillance should also include
instruction on daily fetal movement counts and initiation of standard tests to assess
fetal well-being (i.e., non-stress test, biophysical profile) at 30–32 weeks’ gestation.
Earlier and more frequent ultrasound examinations and fetal assessment is



Obstetric Antiphospholipid Syndrome 191

necessary in patients with a history of adverse obstetric outcomes or contemporary
evidence of pre-eclampsia or uteroplacental insufficiency. In the most severe cases,
the initiation of fetal surveillance may be justified as early as 24–25 weeks’ gestation
[84].

Heparin and Other Therapies During Pregnancy

Several treatment regimens have been used in women with APS to improve preg-
nancy outcome and reduce the risk of thromboembolism. The American College
of Chest Physicians (ACCP) has recommended that all women with APS be
treated in pregnancy with a combination of low-dose aspirin and subcutaneous,
unfractionated heparin or low-molecular-weight heparin (LMWH). Generally
speaking, pregnant women with APS and a prior thromboembolic event should
receive adjusted-dose anticoagulation while those with APS diagnosed on the
basis of obstetric criteria alone, without a prior thrombosis, may be treated with
thromboprophylaxis [82]. Other recent experts reviews of treatment regimens
have similar recommendations [58, 59]. Table 17.3 provides a summary of treat-
ment regimens.

Women with particularly egregious thrombotic histories, such as recurrent
thrombotic events or cerebral thrombotic events, would appear to be at very high
risk for thrombosis during pregnancy. In selected such cases, some experts recom-
mend the judicious use of warfarin anticoagulation, rather than heparin.

Clinicians should also realize that otherwise healthy women with recurrent preg-
nancy loss and low titers of aPL do not require treatment. One controlled trial
included a majority of such women and found no difference in live birth rates using
either low-dose aspirin or placebo [67].

Anticoagulant coverage of the postpartum period in women with APS and prior
thrombosis is critical. Most clinicians and patients prefer switching to warfarin

Table 17.3. Subcutaneous heparin regimens used in the treatment of antiphospholipid syndrome during pregnancy.

Prophylactic Regimens

Recurrent pre-embryonic and embryonic loss; no history of thrombotic events
Standard heparin: (1) 5000–7500 U every 12 hours in the first trimester, 5000–10,000 U every 12 hours in 

the second and third trimesters
Low-molecular-weight heparin: (1) Enoxaparin 40 mg once daily or dalteparin 5000 U once daily, OR

(2) Enoxaparin 30 mg every 12 hours or dalteparin 5000 U every 12 hours

Prior fetal death or early delivery because of severe preeclampsia or severe placental insufficiency; no history of thrombotic
events

Standard heparin: (1) 7500–10,000 U every 12 hours in the first trimester, 10,000 U every 12 hours in the 
second and third trimesters

Low-molecular-weight heparin: (1) Enoxaparin 40 mg once daily or dalteparin 5000 U once daily, OR
(2) Enoxaparin 30 mg every 12 hours or dalteparin 5000 U every 12 hours

Anticoagulation Regimens–recommended in women with a history of thrombotic events
Standard heparin: (1) 7500 U every 8–12 hours adjusted to maintain the mid-interval heparin levels in the 

therapeutic range
Low-molecular-weight heparin: (1) Weight-adjusted (e.g., enoxaparin 1 mg/kg every 12 hours or dalteparin 200 U/kg 

every 12 hours) OR
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thromboprophylaxis as soon as the patient is clinically stable from delivery. In most
cases, an international normal ratio (INR) of 2.5 is desirable. There is no interna-
tional consensus regarding the postpartum management of women without prior
thrombosis in whom the diagnosis of APS is based on a history of fetal death, severe
pre-eclampsia, or neonatal death, though all agree there is an increased risk of
thrombosis. Postpartum thromboprophylaxis using heparin for 3 to 5 days, espe-
cially in the event of cesarean delivery, is recommended in the United Kingdom. In
the United States, anticoagulant therapy for 6 weeks after delivery is recommended.
For with women with APS diagnosed solely on the basis of recurrent pre-embryonic
or embryonic loss, the need for postpartum thromboprophylaxis is uncertain.
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18 Infertility and Antiphospholipid Antibodies
Lisa R. Sammaritano

Whether antiphospholipid antibodies (aPL) play a pathogenic role in infertility is
highly controversial. aPL have been suggested to represent one potential etiology of
infertility, specifically in patients with unexplained implantation failure following in
vitro fertilization (IVF). The rationale is appealing, as it represents a logical exten-
sion of the demonstrated pathogenicity of aPL in contributing to recurrent sponta-
neous abortion, where mechanisms other than placental thrombosis and infarction
seem to be at play. aPL in this setting are postulated to bind to phospholipids on
trophoblast tissue, impairing trophoblast development and preventing normal pla-
centation. Unexplained infertility in patients found to have aPL may represent the
earliest form of aPL-mediated obstetric pathology: a disturbance of implantation,
leading to failure to achieve biochemical or clinical pregnancy. What evidence sup-
ports this? More importantly, is there convincing evidence that makes this clinically
relevant, that is, data to support use of current aPL pregnancy therapy to treat
patients with failed IVF cycles?

The field of reproductive medicine, like the study of antiphospholipid syndrome
(APS), has experienced explosive growth over the last 20 years. Infertility is a
common problem, affecting 15% to 20% of couples. By definition, infertility repre-
sents the inability of a couple practicing frequent intercourse and not using contra-
ception to conceive a child within 1 year. Causes of infertility are fairly evenly
distributed between males and females, and usually fall into one of three major
groups: male factor, ovulatory dysfunction, and tubal–peritoneal disease. For this
reason, initial work-up includes evaluation of both the male and the female partner.
For women, this means hormone tests and direct visualization of the reproductive
tract. Routine tests include day-three follicle stimulating hormone (FSH), prolactin,
thyroid function tests, cervical cultures, and evaluation of ovulatory function (basal
body temperature, urinary lutenizing hormone, transvaginal ultrasound, and/or
endometrial biopsy). Tubal patency and uterine morphology are evaluated with a
hysterosalpingogram; hysteroscopy and laparoscopy may be required. Low serum
progesterone 1 week post-ovulation suggests a luteal phase defect. A postcoital test
is sometimes performed to assess cervical mucous and presence of antisperm anti-
bodies [1]. Tests for male factors include semen analysis, specific tests for sperma-
tozoal function such as the hamster egg penetration assay, and hormone levels [2].

A probable etiology for infertility is often uncovered. In general, ovulatory dys-
function accounts for 15% cases, pelvic factors (including endometriosis and adhe-
sions) for 35%, male factors (oligospermia, decreased sperm motility, or abnormal
sperm function) for 35%, and abnormal sperm–cervical mucus penetration or
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antisperm antibodies for 5%. Despite extensive testing, etiology remains unex-
plained in about 10% to 15% of cases. Importantly, two or more factors are
identified in 20% to 40% of couples. Although IVF is an assisted reproductive tech-
nique originally developed for patients with Fallopian tube pathology, it is now rou-
tinely used for infertility patients with a wide range of etiologies, including those
with unexplained infertility [3]. The mechanics of IVF can bypass many potential
steps that may be defective.

Briefly, the usual IVF protocol includes ovarian stimulation, retrieval of multiple
oocytes, in vitro fertilization, and embryo placement in the uterus. Gonadotropin-
releasing hormone (GnRH) analogs are often used to desensitize pituitary gona-
totropes to endogenous GnRH and downregulate gonadotropin secretion.
Controlled ovarian hyperstimulation is accomplished by administering human
menopausal gonadotropin, and ovulation is triggered with human chorionic
gonadotropin (hCG) when multiple follicles are mature. Oocytes are usually
retrieved through transvaginal ultrasound-guided follicular puncture.

After separation of motile spermatozoa and in vitro capacitation, spermatozoa
are added to oocytes and cultured to achieve fertilization. Gamete micromanipula-
tion is used for male factor infertility, usually intracytoplasmic sperm injection
(ICSI). Fertilized oocytes are re-examined after incubation to confirm embryonic
cleavage has occurred and to assess embryo quality. If indicated, embryo biopsy
with prenatal genetic diagnosis may be done to rule out aneuploidy or other genetic
defects. Embryo placement (usually 2 to 3 per procedure) is through transcervical
transfer to the uterus, and the luteal phase is then maintained with low dose hCG or
exogenous progesterone. Within 10–12 days of embryo transfer, implantation can
be detected by an increase in serum hCG levels. Diagnosis of clinical pregnancy
depends on visualization by ultrasound of a gestational sac containing a fetus with
fetal heart activity within the uterine cavity 4–6 weeks after transfer.

Many factors affect IVF outcome. Age is one of the most critical: female fertility
begins to decline naturally in the mid-30s and becomes marked after age 40. As
patients age, oocyte quality decreases, negatively impacting likelihood of IVF
success. In addition, the reported outcomes – including those in many of the aPL
studies described below – are often expressed in a number of different ways.
Biochemical pregnancy is implantation identified by a transient production of hCG
but with early loss before sonographic documentation of a fetus. Clinical pregnancy
is when fetal heart activity is seen. Ongoing pregnancy represents currently viable
gestations, and live birth rate or deliveries describes successfully completed preg-
nancies. Outcome may be expressed as pregnancy rate per cycle or per transfer pro-
cedure, or as pregnancy rate per embryo transferred. Control patients are of
particular importance in studies of outcome because even in optimal cycles implan-
tation rates per embryo differ between IVF and spontaneous pregnancy. Likelihood
of embryo implantation in an IVF cycle is 10%, versus about 25% for a natural
cycle. In addition, there are increased rates of ectopic pregnancy and first trimester
spontaneous abortion in IVF pregnancies [3].

Recent research has focused on the role of a variety of immunologic factors in
reproductive failure, both infertility and recurrent spontaneous abortion (RSA).
While alloimmune factors (including T cell embryotoxic cytokines and CD56
natural killer cells) are postulated to play a role primarily in RSA, autoimmune
humoral abnormalities (including antiphospholipid, antithyroid, and other autoan-
tibodies), have been suggested to play a role in both RSA and in infertility.



198 Hughes Syndrome

Increased levels of autoantibodies were initially described in patients with infer-
tility due to endometriosis [4], but RSA and infertility patients overall have higher
levels of autoantibodies than do fertile woman. Roussev et al [5] determined the
frequency of abnormal immunologic tests among 108 women with various types of
reproductive failure, including recurrent pregnancy loss, unexplained infertility,
endometriosis, premature ovarian failure, and polycystic ovaries. Immunologic
tests included aPL, lupus anticoagulant (LA), anti-thyroid antibodies (thyroglobulin
and microsomal), embryotoxic factor (ETA), and CD56+ (NK) cells. Sixty-five
percent of the patients tested had at least 1 abnormal immune test, compared with
7% of the controls. It is anticipated that RSA patients would have high rates of aPL
antibodies, given the association of aPL with both early and late fetal loss. However,
aPL was by far the most frequent abnormality among women with unexplained
infertility: 42% of patients were positive for aPL, as opposed to lower prevalence of
other immune abnormalities (16% patients were positive for CD56+ cells, 16% for
ETA, and 9% for anti-thyroid antibodies). A similar study [6] focused on 122
patients with infertility and in vitro fertilization/embryo transfer (IVF/ET) failure:
70% of these patients were positive for 1 or more immune abnormalities, as com-
pared to 10% of normal controls. Geva and colleagues [7] measured anticardiolipin
antibodies (aCL), LA, anti-ds DNA antibodies, anti-nuclear antibodies (ANA),
rheumatoid factor, and antithyroid antibodies in patients with 3 or more failed IVF
cycles, and compared these patients with women who became pregnant in 3 or
fewer cycles. Presence of any autoantibody was 22% in the failed IVF groups, as
compared with 3% in the group with successful IVF pregnancies. As a result of these
and other studies, and despite continued controversy as to their significance,
autoantibody testing has become commonplace in patients being evaluated for
infertility.

Autoantibodies included in infertility screening often include ANA, aPL, antithy-
roid antibodies, antisperm antibodies, and antizonal antibodies [8]. ANA, while
highly sensitive for the diagnosis of clinical autoimmune disease, are relatively non-
specific and are found in a small but definite percentage of the normal population.
ANA prevalence in infertility patients referred for IVF, however, ranges from 5% to
43% [8], and some studies suggest a decreased IVF success rate in patients with
ANA [9].

Antithyroid antibodies (antithyroglobulin and antithyroid peroxidase), charac-
teristic of autoimmune thyroid disease, are frequently positive in the absence of
clinical hypothyroidism. Relationship to RSA is not clear: antithyroid antibodies
have been proposed to be associated with increased risk of spontaneous abortion
[10], however a later prospective study found no association [11]. Kutteh et al [12]
evaluated the prevalence of antithyroid antibodies in 3 distinct groups: patients
with recurrent pregnancy loss, patients referred for IVF, and controls. They
identified a small but significant increase in women with RSA compared with con-
trols (23% vs. 16%), but there was no difference for the IVF patients versus controls
(19% vs. 16%). Further work has shown IVF outcome to be no different in patients
with and without antithyroid antibodies (16% vs. 15%) [13].

Antiovarian antibodies may include antibodies against the ooplasm, zona pellu-
cida, and components of the ovary. A high prevalence of antizonal antibodies have
been found in patients with failed fertilization in standard IVF, and pregnancy rates
improve with use of ICSI [14]. Antisperm antibodies may be found in male or
female serum, cervical mucous, or semen, and may interfere with sperm transport,
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capacitation, acrosomal reaction, fertilization, or implantation. IVF with ICSI also
improves outcome in these patients [14].

An increased prevalence of aPL in patients with infertility has been shown in a
large number of studies (Table 18.1). Prevalence of aPL in normals, including
healthy pregnant women, is about 2% to 5%; in patients with RSA, prevalence is
15% to 20% [24]. Variability in definition and measurement of aPL is likely respon-
sible for the wide variation in reported prevalence in new IVF patients: prevalence
ranges from 15% to 59%. The specific aPL measured in these studies range from the
generally accepted aCL and LA to large panels of multiple autoantibodies directed
against various phospholipids including phosphatidylserine (PS), phosphaty-
dlethanolamine (PE), phosphatidic acid (PA), phosphatidyl glycerol (PG), phos-
phatidylcholine (PC), and phosphatidylinosital (PI). In general, significance of these
broad phospholipids panel results is controversial, and, as expected, they tend to
identify a higher prevalence of aPLs [25]. Some authors, however, feel that certain
aPLs distinct from aCL and LA are more predictive of IVF failure. Kaider et al [6],
for example, identified aPC and aPA as the most common aPLs in patients with IVF
failure. In contrast, Eldar Geva and coworkers [22] evaluated 173 patients with
assays for all three isotypes of aPLs directed against CL, PS, PA, and PG. They were
unable to identify an effect of any aPL on likelihood of IVF success, nor did they
find the number of positive antibody tests per patient to be predictive. In a recent
prospective controlled trial [23], the investigators evaluated 380 women referred for
IVF and screened for aPL including aCL, LA, aPS: 89/380 patients (23%) were posi-
tive for aCL or LA, however, none were positive for aPS.

Importance of other aPL is similarly unclear. Several studies have looked at
anti–β2-glycoprotein I antibody (anti–β2-GPI) in the context of infertility, with
conflicting results [26, 27]. Anti–β2-GPI have been suggested to be more specific for
presence of complications in aPL-positive patients. However, several studies in
reproductive failure patients found that anti–β2-GPI do not identify additional 

Table 18.1. Prevalence of antiphospholipid antibodies in patients with infertility.

Study Study type Patients aPLs measured N Percent positive

El-Roeiy et al [15] R IVF aCL, aPS, ab to histones ab to 26 39%
nucleotides total Ig, C3, C4

Gleicher et al [16] R IVF aCL and panel (6) ab to histones 105 30%
ab to polynucleo (4)total IgG

Sher et al [17] R IVF aCL aPL panel (6) 196 53% pelvic 
14% male/unexpl

Birdsall et al [18] P IVF < or = aCL, aPS 240 15%
28 years old 
< 3 cycles

Denis et al [19] P IVF aPL panel (7) 3 isotypes each (21 total) 793 59%
Kowalik et al [20] R IVF aCL, aPS 525 15%
Kutteh et al [21] P IVF aCL aPL panel (4) 191 19%
Eldar-Geva et al [2] P IVF aCL aPL panel (3) 173 30%
Chilcott et al [23] P IVF aCL, LA aPS, a‰2GPI 380 23%

R = retrospective study; P = prospective study; N = number of infertility patients; IVF = in vitro fertilization; 
aCL = anticardiplipin antibody; aPL = antiphospholipid antibody; aPS = antiphosphatidylserine antibody; 
aPL panel = aPL antibodies directed against a number of different phospholipids; polynucleo = polynucleotides; 
aβ2GPI = anti–β2-glycoprotein I antibody; LA = lupus anticoagulant; Pelvic = pelvic etiology for infertility; male/unexpl =
male factor or unexplained etiology for infertility.



aPL-positive RSA patients if initial tests for aCL and LA are negative [28, 29], and
have found anti–β2-GPI to be less sensitive than traditional aPLs in women with
recurrent pregnancy loss [30].

Several studies have evaluated significance of anti–β2-GPI specifically in infertil-
ity patients [23, 26, 27, 31]. Stern et al [27] evaluated patients with IVF failure (n =
105) and RSA (n = 97). Although testing was done for IgG and IgM isotypes of
anti–β2-GPI, aCL, aPE, aPS, and aPI in addition to LA and ANA, only positive ANA
and IgM anti–β2-GPI antibodies were significantly increased in patients with IVF
failure (and RSA) when compared to fertile controls. Levels in first-time IVF
patients were not significantly increased. In contrast, however, Balash and col-
leagues [26] studied 75 patients with repeated IVF failures and concluded that
screening for anti–β2-GPI in patients with negative aPLs in standard assays was not
helpful. Chilcott et al also found anti–β2-GPI to be less significant than aCL: they
identified aCL or LA in 23% of their 380 IVF patients, however, only 3% of those
tested for anti–β2-GPI were positive [23].

If aPL reduces likelihood of successful implantation, the ideal patient population
for study would be those patients who have failed multiple IVF cycles (Table 18.2).
Studies including only IVF failure patients show roughly the same range of preva-
lence rates as general infertility patients, from 10% to 32%. However, direct com-
parison studies do suggest a higher prevalence in patients with implantation failure.
As noted above, Stern et al found increased levels of IgM anti–β2-GPI in patients
with failed IVF cycles, while prevalence in new IVF patients was equal to that of
controls [27]. Birkenfeld’s group reported 32% of their IVF failure patients to be
positive for ANA, aCL, or LA, compared with 0% of successful IVF patients and 10%
of infertility patients newly referred for IVF [32]. Kaider and coworkers tested for
IgG, IgM, and IgA isotypes of 7 different aPLs in women with IVF failure (n = 42)
and IVF success (n = 42): 26% of the unsuccessful patients were positive for any
aPL, versus only 5% in the success group [33].

While autoantibodies are clearly increased in patients with infertility, whether
the antibodies are directly pathogenic and contributing to implantation failure is
unclear. They may simply be reflective of a more generalized autoimmune process,
for example, or related to the assisted reproduction method itself. Some data
suggest that aPL are not induced by the hormonal manipulation necessary for IVF.
Most studies evaluate patients before their first IVF cycle and before exposure to
ovarian hyperstimulation. In one study, women undergoing treatment with
gonadotropins for the first time were tested for aPL throughout the cycle: prior to
the initiation of stimulation, during the cycle, and at the end of the cycle [36]. They
were compared to women with gonadotropin stimulation at least 60 days earlier,
and to normal nonpregnant controls. The IVF cycle did not alter antibody status:
20% of the women tested before ovarian stimulation were positive for aPL; anti-
body status remained unchanged throughout the treatment cycle. Twenty-four
percent of the previously treated women were positive, compared with 4% of the
controls.

Experimental data provide a sound theoretical framework supporting a role for
aPL in interference with early gestational events. In laboratory animals, the anti-
bodies appear to be pathogenic toward embryonic tissue. Sthoeger et al [37] immu-
nized normal (Balb/c) mice with murine monoclonal aCL to produce an
experimental model of APS. Four weeks after active immunization, mice developed
severe gestation failure with lowered pregnancy rates and high rates of resorption.
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Embryos obtained at day 3.5 showed developmental delay and abnormal morphol-
ogy. In addition, the monoclonal aCL demonstrated specific binding in vitro to
trophoectoderm cells of normal embryos. A separate laboratory [38] also showed
binding of aPL to normal mouse embryos in vitro by immunofluorescence; subse-
quent culture of the embryos resulted in significant growth impairment. DiSimone
and coworkers similarly demonstrated in vitro binding of aPS to human tro-
phoblast in a dose-dependent manner, adversely affecting trophoblast invasiveness
and cytotrophoblast differentiation into syncytium [39]. The same group has
further demonstrated changes in transcription and translation of cell adhesion mol-
ecules, with resulting altered expression leading to failure of blastocyst implanta-
tion [40]. In one IVF center, an association between abnormal human embryo
morphology and presence of serum aCL has also been described [41].

There may be additional mechanisms for early pregnancy losses in aPL patients.
Shurtz-Swirski et al, for example, have demonstrated an inhibitory effect of human
aCL on pulsatile secretion of hCG in human placental cells in vitro [42]. Analysis of
the cytokine profile of an experimental murine APS model has shown low produc-
tion of IL-2, IL-3, and GM-CSF; IL-3 in particular is felt to be particularly important
in maintenance of normal pregnancy [43]. Rote and others have also studied effects
of monoclonal aPL on trophoblast function in vitro [44]. APS was shown to limit
depth of decidual invasion and decrease surface expression of annexin V, leading to
increased binding of prothrombin. Finally, Tartakovsky et al [45] used embryo
transfer experiments to analyze the relative contribution of maternal versus embry-
onic dysfunction. Embryos from aCL-immunized and control mice were removed
and implanted into surrogate mice, either aCL-immunized or control. The aCL-
immunized uterine environment was non-supportive for the development and
implantation of normal embryos, and the embryos derived from the aCL-immu-
nized mothers remained deficient even after transfer to a normal uterus. Clearly,
aPL can affect implantation and development through both mechanisms.

Given the experimental data, does clinical data also support an effect of aPL on
outcome of IVF cycles? This question has been best addressed by two recent studies,
a thorough meta-analysis by Hornstein et al [46] and a well-designed observational
study by Chilcott et al [23]. Even in early studies, however, statistics have not
strongly supported a significant difference in outcome of observed IVF cycles in
patients with and without aPL (Table 18.3). While El-Roey et al found a suggestive
difference of 5% versus 26% pregnancy rate in IVF patients with and without aPL,
the small numbers of patients failed to establish statistical significance [15].
Gleicher’s group did not find aPL status to distinguish between IVF success and
failure, although increased immunoglobulin levels were associated with a lower IVF
pregnancy rate [16]. Chilcott et al evaluated patients referred for IVF for presence of
aCL, LA, aPS, and anti–β2-GPI. Positive tests were repeated for confirmation to
avoid transient infection-induced antibody. With 89/380 patients positive for 1 or
more aPLs, they found similar pregnancy rates of 9% and 12% for aPL-positive and
aPL-negative patients, respectively. While 23% of this population had failed a prior
IVF cycle, there was no difference in antibody status between first time and repeat
patients [23].

Hornstein et al performed a careful meta-analysis on the available controlled
studies published through early 1999 [46]. Although aPL panels varied, all studies
met fairly rigorous criteria: IVF outcomes included live birth or clinical pregnancy
rates, sera for aPL were collected before the relevant IVF cycle, study design was
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either prospective or retrospective cohort, the cohort included women with normal
and abnormal aPL values, and data permitted classification of IVF outcome accord-
ing to normal or abnormal aPL status. A total of 7 studies with 2053 patients were
included; 703 (34%) patients had an abnormal aPL test. There was no significant
difference in IVF outcome between the aPL-positive and aPL-negative groups: rates
of pregnancy were 57% and 46%, respectively. While none of the seven studies indi-
vidually demonstrated a statistically significant effect, studies evaluating more aPL
antibody types were more likely to find a non-significant reduction in the likelihood
of IVF success.

Despite a lack of robust supporting data, there are a number of trials of prophy-
lactic treatment for aPL antibodies in patients with IVF failure (Table 18.4). The
rationale for use of aspirin and heparin derives from extrapolation from pregnancy
failure studies. There is also experimental data to suggest a benefit of heparin, sepa-
rate from its antithrombotic effects. Ermel and colleagues studied sera from 20
women with aPL and RSA and showed that heparin reduced aPL binding to cardi-
olipin and phosphatidylserine in a dose-dependent fashion in ELISA studies [50]. In
addition, heparin affinity chromatography absorbed over 80% of the IgG aCL in
serum. The authors also observed decreases in serum levels of IgG aCL in patients
treated with heparin as the dosage of heparin was increased, suggesting that heparin
may act by directly binding aPL in vivo. Franklin and Kutteh recently showed that
unfractionated and low-molecular-weight heparin equally inhibit ELISA binding of
both aCL and aPS antibodies derived from women with RSA [51].

The 1994 study published by Sher et al [17] is the most positive controlled treat-
ment trial so far reported. aPL-positive patients received either aspirin with low-
dose heparin, or no treatment. Pregnancy rates with therapy were 49% in the
treated aPL-positive group versus 16% in the untreated aPL-positive group. The
aPL-negative control patients, however, did not do significantly better than the
untreated aPL-positive patients (27%), raising questions about equivalence of the
patient populations. While a total of 194 aPL-positive patients were included, treat-
ment was not randomized. Later work by this group suggested an additional benefit

Table 18.3. Success rates of in vitro fertilization in patients with and without antiphospholipid antibodies.

Study Study type Patients N [aPL (+) Patients] Preg rate aPL (+) Preg rate aPL (–) Comments

El Roeiy et al [15] R IVF 26 5% 26% N.S.
Gleicher et al [16] R IVF 105 33% 26% N.S. [increased 

Ig → lower preg 
rate]

Sher et al [17] R IVF 196 16% 28% N.S.
Birdsall et al [18] P IVF 240 39% 28% N.S. [assoc. with 

IUGR]
Denis et al [19] P IVF 793 66% 68% N.S. [equal for 

each aPL type]
Kowalik et al [20] R IVF 525 57% 50% N.S. [no assoc. 

with isotype]
Kutteh et al [21] P IVF 191 35% 40% N.S.
Chilcott et al [23] P IVF 89 9% 12% N.S.
Hornstein et al [46] M-A IVF 703 57% 46% N.S.

N = number of aPL(+) patients included; R= retrospective study; P = prospective study; M-A = meta-analysis; 
Preg rate = pregnancy rate/cycle; IVF = in vitro fertilization; Ig = immunoglobulin; IUGR = intrauterine growth restriction;
N.S.= no significant difference.
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of IVIG with aspirin and heparin in patients who had failed initial therapy [52].
Most other studies that have included controls, however, have not found a
significant benefit to treatment (Table 18.4).

The best designed study to date appears to be the prospective placebo-controlled
double-blind study of aspirin and heparin by Stern et al, which included a large
number of patients (143 aPL-positive or ANA-positive patients) with a total of 
300 IVF cycles [49]. Patients were ages 22–46, with a mean age of 35, and all had
failed multiple cycles of IVF. Autoantibody testing included ANA and aPL (aCL,
APS, LA, and anti–β2-GPI). Positive tests for autoantibodies were repeated for
confirmation and to rule out transient infection-induced antibodies. Rates of clini-
cal pregnancy did not differ between the two groups: 15% versus 18% success in the
treated and untreated groups respectively. While 22% of the patients were ANA
positive only, their success rate did not differ from that of the other patients.

With the preponderance of data pointing toward no demonstrated adverse
effect of aPL on IVF outcome and, with the recent study above [49], no benefit of
aspirin and heparin therapy for IVF cycles in aPL-positive patients, treatment at
this time should be limited to controlled studies with rigorous inclusion criteria.
Ideally, patients should have aCL, LA, or anti–β2-GPI in a moderate to high titer
(without inclusion of ANA-positive patients or less standard aPLs), with patient
age limited to less than 40 years, when IVF success rates drop sharply on the basis
of age alone. Although the risk of short-term treatment with aspirin and heparin
is commonly minimized, there are unusual cases where the risk is severe. For
example, the Centers for Disease Control (CDC) reported a 38-year-old IVF
patient with antithyroid antibodies who died from cerebral hemorrhage after
treatment with aspirin, heparin, and IVIG due to an unsuspected congenital arte-
riovenous malformation [53].

Regardless of whether aPL affects IVF outcome, given the increasing availability
of IVF and assisted reproduction techniques, patients with a history of aPL and
infertility of any etiology have and will continue to undergo this procedure.
Although data are limited, patients with aPL do not appear to incur serious risks if
they undergo IVF. The major concern for aPL-positive patients (unless they also
have SLE) is an increased risk of thrombosis in the setting of elevated levels of
estrogen. However, as these levels do not reach those sustained in late pregnancy,
risk is not likely increased over that associated with pregnancy itself, the intended
outcome of IVF. No thromboses were reported in a series of 10 patients with PAPS
who underwent from 1 to 17 cycles of ovarian induction each (total of 47 cycles).
Nine of the 10 patients were treated empirically with aspirin during their cycles,
however, and 6 with heparin for history of previous thrombosis [54]. In a recent
review, Balasch and Cervera report ovulation induction treatment of 17 patients
without anticoagulation with no observed thromboses [25]. Huong and coworkers
followed 8 primary APS (PAPS) patients and 13 lupus patients – some with aPL –
through 114 cycles of ovulation induction therapy, with only 2 episodes of throm-
bophlebitis [55]. The practice of anticoagulation with low-dose aspirin during the
early phase of the cycle to reduce thrombosis risk is unproven but increasingly
used. Patients with a history of thrombosis and on warfarin should substitute sub-
cutaneous heparin, holding it temporarily (i.e., for 24 hours) before oocyte retrieval,
and restarting soon after.

An additional concern for aPL-positive patients undergoing IVF is the risk of
ovarian hyperstimulation syndrome (OHSS), which can predispose to thrombosis.
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Severe hyperstimulation is characterized by ascites, nausea and vomiting,
hydrothorax, weight gain, and increased hematocrit. Increased prostaglandin pro-
duction appears to cause peripheral vasodilation with “leaky” blood vessels, leading
to intravascular dehydration, third spacing of fluid and development of a hyperco-
agulable state in conjunction with elevated estrogen levels [3]. With current tech-
niques for monitoring cycles, risk can be lowered but not eliminated [56]. In cases
where risk is felt to be excessive, the cycle can be cancelled and fertilized embryos
frozen for later transfer.

It is unclear whether pre-existing thrombophilia predisposes to severe OHSS. One
study did find an increased prevalence of thrombophilia markers in this popula-
tion: 17/20 (85%) patients hospitalized for severe OHSS had at least one identifiable
marker (5 patients had aPL) compared with 11/41 (27%) control patients [57]. In
contrast, a later study [58] did not identify any thrombophilic markers in 20 OHSS
patients. Complications of thrombosis due to OHSS have been reported in aPL-
positive women. Middle cerebral artery infarct was reported in one 33-year-old aPL-
positive woman during OHSS [59]. Similarly, a 28-year-old woman presented with
intracardiac thrombosis after multiple ovulation induction cycles and OHSS with
aPL discovered at the time of thrombosis [60].

Although early clinical studies and experimental work support a role for aPL
pathogenicity in IVF implantation failure, recent studies do not show either a differ-
ence in IVF cycle outcome based on aPL status, or a benefit to treatment of aPL-
positive patients with heparin and aspirin during IVF. Further controlled studies
with more rigorous exclusion criteria and larger numbers of patients may provide
more information in the future, but at this time, data do not support use of prophy-
lactic therapy in aPL patients undergoing IVF to improve likelihood of implanta-
tion. Anticoagulant therapy may be appropriate to prevent risk of thrombotic
complications, however, and is clearly necessary for aPL patients with a history of
previous thrombosis.
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19 Transplantation of Solid Organs, Tissues, and
Prosthetic Devices in Patients 
with Antiphospholipid Antibodies
Dawn R. Wagenknecht and John A. McIntyre

Historical Prospective

References to transplantation are found in Greek mythology and in legends and
folk tales of the Middle Ages. The first clinical report of a successful transplant
was by Bunger in 1823, after he reconstructed a woman’s nose by using tissue
from her thigh [1]. In the ensuing decades, the success of skin and kidney trans-
plantation was a very controversial topic wherein some investigators reported
certain successes whereas others observed only failures [1]. It was not until the
age of modern transplantation immunology ascribed to the work of Nobelist Sir
Peter Medawar in the 1940s that transplantation became feasible [1]. The founda-
tion for clinical transplantation was established soon after when Murray and col-
leagues successfully transplanted a kidney from one twin into his identical
brother [2]. With these foundations, the ability to successfully transplant tissues
and organs became a major medical achievement of the second half of the 20th
century.

Advancements in surgical techniques, development of improved immune modu-
lating pharmaceuticals, and a clearer understanding of the immune system vis-à-vis
histocompatibility, rejection reactions, and tolerance induction have contributed to
ever increasing success rates for solid organ and tissue transplantation. Despite
these gains, a small but significant number of allografts fail immediately or within
the first weeks after transplant. A frequent observation in these early allograft fail-
ures is localized vascular thrombosis within the grafted tissues.

First described in 1969 by Colman and coworkers, immediate thrombosis of renal
allografts was suspected to be a result of acute rejection or of an immunologically
induced coagulopathy [3]. The thrombosis was limited to the allograft as there was
no evidence to suggest systemic coagulation or fibrinolysis. This localization sug-
gests that allografted tissue provides not only a trigger but also a confined location
for thrombosis. A literature search using transplantation and thrombosis as key
words revealed reports of thrombosis associated with almost every transplanted
organ or tissue with the exception of the cornea. This may not be surprising inas-
much as the cornea is avascular. Indeed, even the transplantation of autologous
tissues has been associated with thrombosis [4].
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Thromboembolic complications after transplantation have been associated with
inherited thrombophilic disorders including deficiencies of antithrombin, protein C
and protein S, factor V Leiden, the prothrombin G20210A and MTHFR C585C gene
mutations, and dysfibrinogenemias [5, 6]. Acquired disorders associated with trans-
plant related thrombosis include antiphospholipid antibodies (aPL), malignancy,
myleoproliferative disorders, heparin-induced thrombocytopenia, and hyperhomo-
cysteinemia. This chapter will confine discussion to a review of aPL in the trans-
plantation literature as it relates to aPL.

aPL Testing

Before proceeding with this review, several points about aPL testing need be
brought to the reader’s attention. First, publications associating aPL with allograft
thrombosis begin in 1988, 20 years after numerous reports showing allograft loss
due to thrombosis. Second, assays for aPL are still evolving; functional tests for
detection of lupus anticoagulant (LA) were available prior to the solid phase aPL
ELISA systems. Standardization efforts continue for both aPL detection assays.
Unfortunately, in many of the papers reviewed for this chapter, the LA and ELISA
methodologies are omitted or are only partially described, making it difficult to
accurately combine patient populations to make broader conclusions. The method-
ology and reagents used for aPL ELISA testing can have a profound effect on the test
result [7]. ELISA procedures that do not consider the presence or absence of known
phospholipid (PL)-binding plasma proteins can furnish false negative aPL findings
[8]. Assays which use diluent buffers that contain only β2-glycoprotein I (ß2-GPI)
will not detect aPL, which are dependent upon other PL binding proteins such as
prothrombin or protein C. Third, the aPL ELISA is not standardized, thus the crite-
ria for defining aPL positivity can vary between laboratories. For example, some
laboratories limit aPL analyses to IgG and IgM anticardiolipin (aCL) as available in
commercial kits. Other laboratories also include analysis of IgA aCL. In contrast,
our laboratory ELISA is designed to detect all three antibody isotypes for aCL as
well as antibodies with additional PL specificities, including antiphosphatidylserine
(aPS), antiphosphatidylethanolamine (aPE) and antiphosphatidylcholine (aPC).
Finally, as aPL can be associated with subclinical as well as clinical infections; it has
been recommended that a patient with a positive aPL finding be retested 6 to 8
weeks later. It is important to discriminate between chronic and temporary pres-
ence of aPL, the former thought to be pathogenic, whereas the latter may not be.
Few retrospective transplant studies tested serial blood samples from the same
patient, however, when serial samples were tested aPL were found in multiple
samples.

Analyses of our own data from 5632 consecutive serum samples from patients
with aPL associated clinical events revealed that that testing for only IgG and IgM
aCL underestimates the number of patients who have aPL [9]. IgA aPL can, and
often does, occur independent of IgG and IgM. Further, we observed a significant
incremental increase in aPL-positive sera when aPS and aPE are assessed in addi-
tion to aCL. Table 19.1 shows the incremental increase of aPL positivity when aPC
testing was included in the analysis of 1758 clinical specimens referred for aPL
testing. Thus, the aPL findings reported in the majority of the papers cited in this
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review may actually under estimate the true incidence of aPL-positive patients in
the transplant population.

In addition to the laboratory testing, the abbreviations used to describe aPL have
not been standardized. aCL antibodies have been abbreviated as ACA, APA, ACL,
ACL-Ab, ACLA, aPL, or aCL by different investigators. Similarly, the lupus antico-
agulant has been referred to as LA, LAC, or LI (lupus inhibitor). For consistency, we
use the abbreviation aPL to represent antiphospholipid antibodies of all
specificities; this includes but is not limited to the LA and the ELISA defined aCL,
aPS, aPE, and aPC.

Renal Transplantation

A 1988 case report by Liano et al was among the first to describe the presence of an
aPL, an LA, in a male patient with end-stage renal disease (ESRD) and a “lupus-
like” syndrome [10]. Before renal transplantation and subsequent to steroid
therapy, the LA disappeared. Nineteen months post deceased-donor renal trans-
plant, coincident with steroid tapering, the LA returned. The patient suffered a deep
vein thrombosis (DVT) of the right leg and echography showed a significant
increase in allograft size. Two weeks later the patient died from septic shock.
Autopsy revealed an occlusive renal-vein thrombosis and de novo membraneous
glomerulonephritis in the transplanted kidney. The return of the LA coexistent with
the DVT and renal vein thrombosis could be coincidental, however, LA with a
“lupus-like” syndrome is a well-recognized risk factor for thrombosis.

Marcen and colleagues presented 13 LA-positive patients who underwent 16 renal
transplants in a 1990 retrospective study [11]. Six of the 16 renal allografts were lost
to renal vascular thrombosis. An additional 2 patients who experienced 2 consecu-
tive graft losses were found to be LA positive after each lost a second transplanted
kidney. In a total of 6 graft ruptures in 335 transplants, 4 occurred in LA-positive
patients. Graft rupture is usually associated with acute rejection, however, there was
no evidence of immunological rejection in these 4 cases. The majority of losses
occurred within the first 2 weeks post-transplant. The authors emphasized that the
presence of an LA could be considered a risk factor for thrombosis in transplant
patients. Moreover, immunosuppressive therapy with low dose steroids and
cyclosporine A and/or azanthioprine was not effective in suppressing the LA in
these patients.

Table 19.1. Incremental effects of comprehensive ELISA antiphospholipid antibodies clinical testing (n = 1758*). 

ELISA aPL test No. positive % total

IgG aCL 93 5.3
IgG/IgM aCL 134 7.6
IgG/IgM/IgA aCL 149 8.5
IgG/IgM/IgA aCL, aPS 212 12.0
IgG/IgM/IgA aCL, aPS, aPE 447 25.4
IgG/IgM/IgA aCL, aPS, aPE, aPC 520 29.6

aPL = antiphospholipid antibody; aCL = anticardiolipin; aPS = antiphosphatidylserine; aPE = antiphosphatidylethanolamine;
aPC = antiphosphatidylcholine.
*Patient samples referred to our laboratory specifically for aPL testing.
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Early reports of the impact of aPL on renal transplant outcome often were in
disagreement.

Sitter et al studied 19 successfully transplanted recipients and found the preva-
lence of IgG and IgM aCL and LA (5%, 5%, and 0%, respectively) did not differ
between the transplanted patients and healthy controls [12]. The conclusion stated
by these investigators was: “the pathogenetic role of ACA [aCL] for vascular events
in end-stage renal patients is far from being established” (p. 81). A similar conclu-
sion was reached by Oymak et al, who investigated IgG aCL in 48 renal transplant
patients with a mean transplant time of 36 months [13]. The 9 positive recipients
had relatively low levels of aCL. None of the 9 had a history of collagen tissue
disease or other autoantibodies. This group reported that the presence of low levels
of IgG aCL in renal transplant recipients was not associated with thrombotic events
and thus was not a risk factor for thrombosis. A more recent paper arrived at the
same conclusion for 4 aCL-positive renal transplant recipients in a study population
of 68 with no thrombotic events in an average of 75 months of transplant duration
[14]. The authors admitted to not having a statistically valid observation due to the
small number of patients. An important note about these reports is that the patients
were selected for study because the transplant was successful. In contrast, most of
the LA associated renal losses reported by Marcen et al occurred in the first 2 weeks
after transplant, before transplant success is defined [11]. This raises the issue that
perhaps aPL are most detrimental in the immediate post-transplant period.

A different aPL associated matter was reported by Grandtnerova et al in a longi-
tudinal study wherein patients successfully transplanted for at least 8 months were
followed with LA and IgG and IgM aCL studies for a mean of 14 months [15]. The
period for serial aCL measurements was 6 to 36 months. A significant association
between aCL positivity and slow deterioration of renal allograft function was found
in 11 patients as compared to 9 aCL-negative patients. In addition, an association
between post-transplant thrombocytopenia and aCL was reported.

The prevalence of hemostatic risk factors for venous and arterial thrombosis and
the effects on long-term renal allograft survival and cardiovascular disease was
investigated by Marcucci et al [16]. Sixty-three renal transplant recipients (graft
duration = 44.6 ± 45.4 months) were compared to 66 age- and sex-matched control
subjects. Immunosuppressive therapy for all patients included cyclosporine and ste-
riods; some patients were also prescribed azathioprine. An LA was detected in
15.8% of these successfully transplanted patients compared to 3% of controls (P <
0.001); the prevalence of LA was higher in female than in male patients. Four
patients and 1 control subject were positive for aCL. The authors suggested that the
high prevalence of LA may be a consequence of cyclosporine treatment and pro-
posed a need for further studies. Without pre-transplant aPL testing for compari-
son, these investigators speculated that the aPL response was secondary to the
vascular damage in the transplanted kidney and thus may represent an increased
risk factor for long-term allograft survival and cardiovascular disease.

A study of 324 consecutive renal transplant recipients by Ducloux and colleagues
also reported an association between cardiovascular disease and aPL (LA and/or
aCL) [17]. Patients with a diagnosis of systemic lupus erythematosus (SLE) or
primary phospholipid antibody syndrome (PAPS) were excluded from the study.
Positive aPL findings were confirmed on a second blood sample collected 4 weeks
after initial testing. Patients were followed a mean of 62 months after transplant.
Duration of transplant was shorter in aPL-positive compared to aPL-negative



patients (61 ± 42 months vs. 79 ± 48 months, P = 0.02). Atherosclerotic events
occurred more frequently in patients with aPL (P = 0.0003) and aCL levels were
higher in the patients who experienced these events (P = 0.003). Pre-transplant sera
were available for 142 of the patients. Eighty-four of these patients had aPL before
transplantation; 44% were also aPL positive post-transplant, however, the aPL in
56% disappeared after transplant.

A different approach to investigate hypercoagulability was undertaken by
Nampoory and colleagues. For patients who had been on dialysis for at least 6
months, laboratory coagulation findings were followed from pre-transplant through
post-transplant [18]. Patients with lupus or other autoimmune diseases, patients
administered drugs known to produce aPL, and patients who experienced a throm-
botic episode the month prior to enrollment were excluded from study. Thus, the
study was designed to screen out patients with aPL associated maladies. Of 82
patients screened, LA was detected in 4, high levels of IgG aCL in 3, IgM aCL in 4,
aPS IgG in 8, and IgM aPS in 3. Additional findings were deficiencies in protein C 
(n = 19), protein S (n = 25), and ATIII (n = 15) with activated protein C resistance
found in 16 patients. When dialysis patients with vascular access thrombosis were
compared to patients without, there were highly significant differences in rela-
tion to the presence of LA and the coagulation protein deficiencies. The differ-
ence between these groups with respect to aCL and aPS, however, was not
significant. Eighteen patients with hypercoagulability findings during dialysis
received a renal transplant; 2 experienced post-transplant thrombotic events and
16 were available for post-transplant evaluation 9.3 ± 4.2 months after surgery.
The abnormalities associated with a potential hypercoagulable state for the most
part were corrected after transplantation. The number of aCL- and aPS-positive
patients in the transplant group was too small for analysis, however, the preva-
lence of LA was significant as was the correction in APTT values observed post-
transplant (P = 0.002). These investigators recommended pre-transplantation
hypercoagulability screening for hemodialysis patients who are transplant candi-
dates followed by anticoagulation treatment for identified patients to prevent
thrombotic events in the post-transplant period.

Fischereder et al investigated the relationship between renal transplant loss and
thrombophilia [19]. Post-transplant laboratory testing for protein C or S activity,
LA, and factor V Leiden was performed for 132 consecutive renal transplants
wherein 1-year graft survival could be assessed. Eighteen patients with throm-
bophilia were identified (factor V Leiden, 10; LA, 6; protein S deficiency, 2). Twenty-
eight transplants were performed for these thrombophilia patients; 11 were lost
within the first year compared to 21 of 155 transplants without thrombophilia (P =
0.0003). Six of 8 transplants performed in LA-positive recipients failed. The authors
therefore concluded that the presence of an LA or other laboratory markers of
thrombophilia predict a poor prognosis for renal transplant. A drawback of this ret-
rospective study is the inability to know if the LA were present at the time of
transplant.

The aPL specificity as determined by ELISA for the majority of the renal trans-
plant literature cited above is limited to aCL. We initiated a retrospective two center
study to assess pre-transplant aPL status of renal patients who lost their grafts
within 16 days after transplant [20]. Of 1331 patients transplanted between 1990 and
1997 at Methodist Hospital of Indiana and LifeLink Foundation, Tampa, Florida,
we identified 73 (5.5%) with primary non-function. Frozen and stored final cross-
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match serum samples were available for 56 patients. For a control group, we tested
the final cross-match sera from the next consecutive renal transplant patient. Both
groups were compared to 252 healthy blood donors. In contrast to previously dis-
cussed studies, we tested for IgG, IgA, and IgM aCL, aPS, and aPE. aPL were
detected in pre-transplant sera from 32 patients (57%) with early non-function
versus 19 control patients (35%) with function (P = 0.0234). No single aPL
specificity had greater predictive value for allograft failure, and the predominant
aPL isotypes were: IgG > IgA > IgM. Because patients awaiting renal transplant are
regularly screened for HLA antibody development, historic serum samples were
available from 11 patients with primary graft failure. Selected serum samples were
spaced 3 months apart and 2 to 5 historic samples were screened for each of the 11
patients. Historic sera from 10 primary non-function patients were without excep-
tion positive for the same aPL observed in the final cross-match serum. For 1
patient, 3 of 4 historic sera were aPL positive. These data indicate that pre-trans-
plant screening will identify patients at risk for early renal allograft failure.

In our study, there were no significant differences between the function versus
non-function recipients for age, sex, cause of renal failure, panel reactive antibodies,
HLA match, cyclosporine levels, or use of OKT3 [20]. Of significant note was that
every patient with aPL at the time of transplant who did not receive hemodialysis
for ESRD lost their grafts (P = 0.002). This group included patients who were trans-
planted before dialysis was necessary as well as patients treated with continuous
ambulatory peritoneal dialysis (CAPD). Inasmuch as it is not uncommon for
hemodialysis patients to receive a dialysis treatment just prior to transplant surgery,
these data suggest that residual heparin acquired during dialysis may have a protec-
tive effect in the immediate transplant period.

Although there no were data for aPL or other laboratory indicators of throm-
bophilia, an earlier retrospective study of Irish renal transplant recipients reported
an increased rate of renal allograft thrombosis in CAPD patients within 16 days of
surgery [21]. None of the 99 kidneys transplanted to hemodialysis patients failed
due to primary renovascular thrombosis, whereas 9.3% of 97 allografts given to the
CAPD patients were lost due to thrombosis (P < 0.01). The authors cited data from
the European Dialysis and Transplant Association registry for 1990–1991 that
showed that loss from primary renovascular thrombosis in patients treated in the
United Kingdom was reported as 7.1% in CAPD patients compared to 1.8% in
hemodialysis patients. Without identifying specific reasons for increased throm-
botic complications in their CAPD transplant group, the authors suggested that
anticoagulant treatment might be appropriate in the peri-opertive period.

Subsequent to our observation of aPL related graft loss, routine aPL screening
preceding transplantation was instated for all renal transplant candidates at
Methodist Hospital of Indiana. Once identified, aPL-positive patients received low-
molecular-weight heparin in surgery that was continued post-transplant until the
aPL was no longer detectable. Most patients were aPL negative within 3 months
after transplant. Heparin treatment for the first 15 aPL-positive recipients, includ-
ing 2 CAPD patients, resulted in successful outcomes [22].

Direct evidence to implicate aPL in thrombotic graft loss was demonstrated by
recovery of aPE from a transplanted nephrectomy specimen [23]. This was the
second kidney in 3 years rejected by the patient within hours of surgery. Frozen
serum samples were available for retrospective aPL testing for both transplants.
Final cross-match serum from the first transplant contained IgA aPE. The allograft
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diuresed briefly but the patient was returned to dialysis on the third post-transplant
day. At the time of second transplant, the patient’s serum contained IgG aPE, aCL,
aPS, and IgA aPE. The second kidney diuresed in the immediate post-operative
period, but a renogram taken 12 hours after transplant showed no blood flow. Upon
removal, the only aPL recovered from this patient’s second failed kidney was IgG
aPE. Immunohistochemical studies of the second allograft showed extensive vascu-
lar and perivascular fibrin deposition involving most of the peritubular capillary
plexus [24]. ELISA results from serial serum samples showed a drop in aPE immedi-
ately post-transplant with a concomitant rise in aPE levels after removal of the
thrombosed kidney allograft. These findings suggest that circulating aPE may have
targeted the alloactivated vascular endothelium of the allograft, thereby creating a
thrombogenic condition.

Humar and colleagues at the University of Minnesota identified 16 patients who
lost their first renal allograft in less than 1 month due to thrombosis [25]. Five of the
16 recipients underwent a hematological workup and 3 were found to have aPL. At
the time of re-transplant, low-dose heparin was started post-operatively and contin-
ued for 3 to 5 days post-transplant. Coumadin or aspirin subsequently replaced
heparin and was continued for no less than 3 months post-transplant. These aPL-
positive recipients had neither bleeding problems nor thrombosis of their allografts.
The 5 aPL-positive patients notwithstanding from the 16 receiving a second trans-
plant, 63% had graft function at 5 years follow up. Both graft and patient survival of
the 16 re-transplant patients were equivalent to primary allograft rates at the
University of Minnesota.

Antiphospholipid Antibody Syndrome (APS)

Two PAPS patients with ESRD following advanced thrombotic angiopathy were
reported by Mondragon-Ramirez et al [26]. Both patients had IgG aCL and 1 was
also LA positive. After receiving live unrelated renal transplants, both patients expe-
rienced recurrence of the disease in the transplanted kidneys. Despite intensive
anticoagulant therapy in the immediate post-transplant period, 1 kidney stopped
functioning the second day and the other lost normal function 4 days post-trans-
plant. The authors concluded that more experience is needed with renal transplan-
tation in the setting of PAPS and questioned whether transplantation is an
appropriate treatment for these patients.

In a similar case, Chew and coworkers described microangiopathy induced ESRD
in a 34-year-old male PAPS patient with high titer IgG aCL [27]. The patient
received a haplotype matched kidney from his brother. In preparation for trans-
plant, he was given mycophenolate mofetil and prednisolone daily beginning 2 days
prior to transplant. The patient was anticoagulated with warfarin until 2 days prior
to surgery. Intra-operatively there was a delay in graft perfusion after vascular anas-
tomosis as evidenced by a mottled appearance of the graft. A wedge biopsy collected
at this time showed that 25% of the glomeruli contained thrombi. The patient was
given heparin peri-operatively, followed by aspirin, and a 10-day course of anti-
lymphocyte serum. On day 3, with a biopsy showing thrombi in the glomeruli, a
rise in lactate dehydrogenase, and a fall in platelet count, plasmapheresis was
started and continued to day 10. The aCL titers decreased significantly subsequent
to plasmapheresis without a rebound upon stopping plasma exchange. A biopsy
taken on day 10 post-transplant showed thrombi scattered among the arterioles.
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Plasmapheresis was again undertaken for 9 days. On day 23, after a sudden rise in
creatinine, a third biopsy indicated cortical infarction without evidence of vascular
rejection and on day 138 the patient had an estimated 45% use of his transplanted
kidney. The authors concluded that transplantation for patients with high levels of
aPL should perhaps be limited to deceased-donor organs.

In a case report, Knight and associates recounted the course of a 46-year-old
woman whom, after repeat arteriovenous (A-V) graft thromboses necessitating
multiple A-V access procedures, received a 1 haplotype matched kidney from her
son [28]. This patient was positive for IgG aCL and was initially LA positive, but
upon repeat testing was LA negative. To avoid thrombosis, full heparinization was
initiated intra-operatively, but was discontinued on the first post-transplant day
due to a markedly elevated phospholipid-dependent clotting assay (PTT). The renal
allograft thrombosed several hours after heparin therapy was halted. Examination
revealed both the single renal artery and vein were thrombosed. A second,
deceased-donor transplant was undertaken 6 months later. Heparin was adminis-
tered and maintained postoperatively despite excessive bleeding which required two
re-explorations of the wound for evacuation of hematomas. The patient was
switched to coumadin 2 weeks after transplantation and slowly regained normal
kidney function over the course of the first year. Based on this experience, these
investigators screen for aPL in any transplant candidate with a history of SLE or
recurrent thrombotic complications.

Renal transplant patients diagnosed with APS prior to transplantation were the
subject of a study by Vaidya et al [29]. A total of 6 out of 78 patients receiving
kidney transplants fulfilled the authors’ clinical definition of APS: microrenal
angiopathy, more than 2 episodes of A-V shunt thrombosis, cerebrovascular throm-
bosis, thrombocytopenia, and/or recurrent pregnancy loss with aCL. Three were
IgM positive, 1 had IgG, and 2 had both IgG and IgM aCL; none were IgA aCL posi-
tive. All 6 APS patients lost their allografts due to thrombosis within the first 7 days.
A subsequent paper by this group represented a multi-center study that looked at
anticoagulation therapy for APS patients who had high titers of aCL [30]. Their APS
criteria were modified from the previous paper from more than 2 A-V shunt throm-
bosis to more than 6 episodes per year. Eleven APS patients with high titer aCL were
transplanted during the study period. Four received anticoagulation therapy and 7
did not. All 7 untreated patients lost their allografts due to thrombosis within the
first week; 2 had lost previous grafts within 1 week due to thrombosis. Three of 4 on
a coumadin anticoagulation protocol were doing well 1 year post-transplant, but
the fourth thrombosed his transplanted kidney within the first week. In the same
study there were 37 transplanted aCL-positive patients with no history of throm-
botic disorders who were not defined as APS patients and thus served as the control
group. No patient in the control group lost his or her allograft as a result of throm-
bosis, but 10 lost their grafts to acute rejection. This 27% graft loss rate in the
control group is extraordinarily high in comparison to contemporary outcome sta-
tistics and to the overall 14% loss rate within this cohort. This outcome begs the
question of whether aCL without a clinical diagnosis of APS is as benign as the
authors contend.

In 2004, Vaidya et al expanded the criteria for APS from previous publications to
include a history of lupus without thrombotic events [31]. In this publication only IgG
and IgM aCL were discussed. The objective of this study was to investigate the effect of
anticoagulant therapy for 9 APS patients who underwent renal transplantation. Two
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patients were treated with a heparin bolus followed by heparin drip. One lost her
graft 2 days post-transplant due to thrombosis, however, the other patient main-
tains good renal function 5 years post-transplant. The remaining 7 APS patients
were treated with coumadin to maintain an international normalized ration (INR)
of approximately 1.8. Two of the coumadin treated patients lost their grafts at 2 and
3 days post-transplant due to thrombosis. Three patients returned to dialysis 6 to 22
months post-transplant after coumadin was discontinued due to bleeding complica-
tions. Interestingly, these patients had creatinine values of 1.1, 1.5, and 1.8 at the
time coumadin was discontinued, suggesting that perhaps the anticoagulant con-
tributed to maintenance of renal function. The remaining 2 coumadin treated
patients continue anticoagulant therapy and have good renal function 2 and 3 years
post-transplant. The authors concluded that APS patients with ESRD benefit from
coumadin therapy without comment on the heparin treated patients. Albeit the
numbers are small; 50% of heparin treated patients experienced transplant success
compared to 28% of coumadin treated patients. These outcomes suggest that
heparin may be a more efficacious treatment for aCL-positive transplant candidates.

Investigators at Brown University presented a study advocating thrombophilia
screening for renal transplant candidates with either a personal or strong family
history of thrombotic events [32]. Eight of 235 patients who received renal trans-
plants between January 1998 and October 2001 were considered pre-operatively to
be high risk for allograft thrombosis due to their clinical histories: aCL IgG or IgM
(n = 2), LA (n = 4), APS (n = 1), or having both parents with resistance to activated
protein C (n = 1). These 8 patients were anticoagulated with heparin from the time
of surgery until they were switched to warfarin on postoperative days 2 to 4.
According to the authors, warfarin therapy was continued for 6 months based on
data suggesting that renal allograft thrombosis typically occurred within 6 months
of transplant. In addition, there were 2 patients with no pre-transplant history who
developed DVT post-transplant and were subsequently found to be LA positive.
Two of these 10 high-risk patients developed acute rejection 8 and 12 months post-
transplant and 1 lost her kidney due to recurrent acute rejection. The most devas-
tating outcomes, allograft loss and renal artery thrombosis, occurred in the 2
patients with no pre-transplant clinical histories of thrombophilia. Although the
authors advocate screening all transplant candidates with a history of throm-
bophilia, these 2 patients illustrate the “smoking guns” that have yet to be detected.
Perhaps a more proactive approach to include screening of all transplant candidates
would be more beneficial in preventing full or partial allograft loss.

Another study which advocated hypercoagulability screening was unique in that
346 patients transplanted between June 1992 and March 5, 1996 (cohort 1), served
as the control group for 502 patients who were transplanted after March 6, 1996,
subsequent to screening (cohort 2) [33]. Patients with risk factors defined as 2 or
more arteriovenous access thromboses, prior allograft thrombosis, collagen vascu-
lar disease, multiple miscarriages, prior DVT, diabetes, autoimmune disease, or
Fabry’s disease were tested for antithrombin III, proteins S and C deficiencies, acti-
vated protein C resistance, and aPL. Initially, aPL testing included IgG and IgM aCL
and LA, however, LA screening was discontinued when these investigators found
aCL antibodies to be more clinically and economically relevant. Five of the 10 recip-
ients in cohort 2 found to have clinical and laboratory evidence of hypercoagulabil-
ity were aPL positive. All 10 patients received intravenous heparin within 1 hour of
transplant surgery which was continued until discharge, thereafter, the patients
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received oral warfarin. Fourteen allografts (4.0%) from cohort 1 were lost to throm-
bosis compared to only 8 (1.6%) allografts in cohort 2. Three of the patients from
cohort 1 were re-transplanted with anticoagulant therapy and all achieved long-
term graft function. Four of the 5 aPL-positive patients in cohort 2 have maintained
excellent graft function. The 1 patient in cohort 2 who experienced allograft throm-
bosis within 24 hours of transplant had very high IgG aCL (>150 units) and was
receiving subcutaneous enoxaparin as opposed to intravenous heparin. Due to this
poor outcome, Friedman et al remain cautious about the use of enoxaparin in
patients with hypercoagulable states. The resultant recommendation from this
study is to screen all transplant candidates for hypercoagulability risk factors and
for those with clinical risks, screening should include aCL and activated protein C
resistance because the latter represented the majority of the detected hypercoagula-
ble states.

Two studies of post-transplantation aPL findings in renal allograft recipients
were published by Ducloux et al [34]. The first report showed that 41 of 120 unse-
lected consecutive renal transplants were aPL positive. Thirty-one were aCL posi-
tive, 8 had LA, and 2 patients had both. The mean transplant duration at the time of
aPL testing was 67 ± 47 months for the aPL-positive patients and 92.7 ± 57 months
for the negative patients. Testing pre-transplant blood from the aPL-positive
patients showed that 74% of these patients were aPL positive at the time of trans-
plant. The second paper reported a retrospective analysis of 178 non-SLE renal
transplant recipients [35]. The blood sample used for aPL testing was collected after
transplantation (median, 70 months). Fifty (28%) patients had aPL post-transplant;
38 were aCL positive (36 IgG, 2 IgM), 9 were LA positive, and 3 had both. In both of
these studies the aPL were significantly correlated with duration of hemodialysis,
antinuclear antibodies (ANA), and a history of either arterial or venous thrombosis.
Transplant duration was significantly shorter for the aPL-positive group. A post-
transplant history of venous and arterial thrombosis was significantly more fre-
quent for patients with post-transplant aPL. Pre-transplant blood was available for
55 patients and 64% were aPL positive prior to transplant. Transplant duration and
serum creatinine concentrations were not different between patients who remained
aPL positive compared to those in whom aPL disappeared post-transplant.
Multivariate regression analysis confirmed that both pre- and post-transplant aPL
were independent risk factors for thrombosis. The authors raised the question of
whether aPL screening before renal transplant would be beneficial and concluded
that aPL screening is easy and the risk of thrombosis might be abrogated by the use
of prophylactic measures post-transplant.

Renal Transplantation in Patients with SLE

Renal transplantation outcome in patients with lupus nephritis was evaluated in a
retrospective study by Radhakrishnan and colleagues [36]. The post-transplant
courses of 8 SLE patients who were aCL positive at the time of renal transplantation
(4 IgG, 2 IgM, and 2 IgG + IgM aCL; 2 with LA) were compared to 5 transplanted
aCL/LA-negative SLE patients. Three patients in each group received living-related
donor kidneys; deceased-donor organs were used in the remaining patients. Half of
the aCL-positive patients had aPL-related events post-transplant, 3 thrombotic and
1 thrombocytopenic. None of the 5 aCL/LA-negative patients experienced post-
transplant thrombosis or thrombocytopenia. The aCL-positive patients had longer
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post-transplantation hospital stays than did the aCL-negative patients. Some
patients received anticoagulation, however, this was not studied in detail. At the
conclusion of the study there was no difference between the two groups for number
of rejection episodes or renal function at last follow up and all patients had func-
tioning allografts at the time of the report. The authors concluded that aCL-positive
SLE patients can be transplanted successfully.

A larger retrospective study of renal transplantation in SLE patients by Stone et al
reported a cohort of 85 consecutive, well-documented SLE renal transplant patients
tested for aPL by at least 1 test [RPR (biological false positive test for syphilis),
dilute Russell Viper Venom Time (dRVVT), aCL IgG/IgM ELISA] [37]. Twenty-five
(29.4%) were aPL positive and 15 of these positive patients (60%) had post-trans-
plant events associated with APS. Of these 15 patients, 3 died and 5 lost their trans-
planted kidney to aPL-associated events within 3 months of transplantation. This
represents a 32% failure rate for aPL-positive SLE patients and an overall failure
rate of 9.4% (8/85) for patients in this series. These data, in contrast to the previous
smaller study [36], indicate that aPL have a significant negative impact on the
outcome of renal transplantation in SLE.

A case report by Mathis and Shah described an exaggerated response to heparin
in a female SLE patient with high levels of IgG aCL and LA [38]. Unfractionated
heparin was started 30 minutes after living-related donor renal transplant surgery
with a goal of maintaining the PTT between 50 and 70 seconds. The first PTT was
87.6 seconds, thus heparin was reduced 20%. Five and a half hours later the PTT was
92.6 seconds, necessitating further reduction in heparin, however, the hemoglobin
had dropped to 4.8 g/dL. Consequently, heparin was discontinued and transfusions
commenced. A retroperitoneal hemorrhage was found by ultrasound. Heparin was
reintroduced 48 hours later and doses that previously resulted in bleeding achieved
a lesser response. When anti-Xa activity was found to be substantially higher than
predicted by the PTT, heparin was discontinued in favor of enoxaparin and war-
farin. The patient was discharged with a serum creatinine of 0.9 mg/dL and hemo-
globin of 7.8 g/dL. This patient underwent plasmapheresis preoperatively and 5
times post-transplant to remove a B-cell autoantibody. The authors note that
patients with a positive cross-match and aPL cannot simply undergo plasmaphere-
sis at transplant for the management of both conditions. This paper suggests that
anticoagulation therapy would be required peri-operatively for the aPL, however,
the pharmocokinetic variability of anticoagulants may be exaggerated in SLE
patients with LA.

Viral Infections and aPL

Baid and co-authors investigated IgG and IgM aCL reactivity in 18 transplant recipi-
ents seropositve for hepatitis C virus (HCV) [39]. Pre-transplant sera were aCL posi-
tive for 6 of the 18. Of the aCL-positive patients, 5 (4 IgG aCL, 1 IgM aCL) developed
biopsy proven, de novo renal thrombotic microangiopathy after transplant (range,
5–120 days). The patient group with renal pathology had significantly higher IgG aCL
values than the group without thrombotic microangiopathy (P = 0.02); IgM values
were not different between the groups. Four of the 5 patients with renal angiopathy
died within 5 years compared to no deaths in the other 13 recipients.

An association between aPL and HCV infection was also reported by Ducloux
and colleagues [17]. In post-transplant testing of 324 consecutive renal transplant
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patients, 46% of HCV-positive patients exhibited aPL activity compared to 24% of
HCV-negative patients. Due to the low prevalence of HCV in this transplant popula-
tion, this difference did not reach significance (P = 0.08). In contrast, cytome-
glovirus serology was positive in the same proportion of patients with and without
aPL.

Simultaneous Kidney and Pancreas Transplantation

There is limited data available regarding aPL in simultaneous kidney–pancreas (K-
P) transplants. Two cases of K-P transplantation in patients with APS were reported
by Wullstein and colleagues [40]. The first was a 47-year-old female who was known
to be aCL and LA positive prior to transplant. Upon APS diagnosis the patient was
placed on warfarin therapy but was switched to heparin because of bleeding
episodes. At the time of transplant surgery heparin was given intravenously; before
discharge the patient was switched to warfarin. Eleven weeks later the patient pre-
sented with an acute abdomen, which required laparotomy. Warfarin therapy was
replaced by heparin during hospitalization. The allografts were not affected by the
additional surgery and at 9 months follow up both organs have good function.

The second patient, a 42-year-old male, who had no history of thrombolic events
underwent K-P transplant with routine therapy of intravenous heparin for the first
week followed by subcutaneous low-molecular-weight heparin until discharge [40].
Thirty-one days post-transplant the patient had a DVT in the left leg.
Hypercoagualibility screening revealed an LA but no aCL. The patient received war-
farin therapy and 5 months after transplant, the K-P transplant was considered
successful.

A second paper by Wullstein et al reviewed outcome data for 47 K-P transplant
recipients who underwent routine screening for pro-thrombotic disorders [41]. All
recipients were type I diabetics. Immunosuppressive therapy consisted of a single
dose of anti-thymocyte globulin, tacrolimus, mycophenolate mofetil, and steriods.
Routine anticoagulation therapy consisted of subcutaneous low-molecular-weight
heparin for all patients except 1 with known APS who received systemic heparin
therapy followed by warfarin. Data were retrospectively analyzed in view of compli-
cations (relaparotomy, graft thrombosis, pancreatitis, rejection) and graft function
at 3 months post-transplantation. Twenty-five of the patients had abnormal
findings in the prothrombotic screenings, however, only 2 patients had aPL and a
positive history of APS. For analysis the APS patients were grouped with patients
having deficiencies of protein C and S and antithrombin III. The authors concluded
that unlike the pro-thrombotic disorders related to genetic mutations, the disor-
ders influenced by external factors had no influence on post-transplant morbidity in
this study. Interestingly, at 3 months after K-P transplant the group of patients with
any abnormal pro-thrombotic finding had increased glycosolated hemoglobin
(HbA1c) compared to patients without pro-thrombotic disorders (P = 0.023). The
authors propose that partial venous thromboses or microthrombi in the pancreatic
grafts may lead to increased HbA1c for patients with pro-thrombotic disorders [41].

Summary of Renal Transplantation in the Presence of aPL

Adverse effects associated with renal transplantation of the aPL-positive patient are
summarized in Table 19.2. Negative outcomes have been reported for patients with
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a pre-transplant diagnosis of APS, leading investigators to recommend anticoagula-
tion therapy post-transplant to neutralize the effects of the aPL [26–30]. A more
proactive approach of aPL screening for all renal candidates would identify patients
whose first aPL clinical event is renal allograft thrombosis [16, 20, 22]. Patients
identified as aPL positive during the pre-transplant laboratory workup can be
heparinized during the immediate post-operative period and expect a successful
transplant [22, 25]. 

Orthotopic Liver Transplantation

In hepatic failure, as in renal failure, aPL status of the transplant candidate both
before and after transplantation can effect outcome. And as in the renal transplan-
tation literature, the importance of aPL findings is controversial. Talenti and col-
leagues reported a beneficial consequence of liver replacement in a 46-year-old
female patient [42]. The patient had a 30-year history of cryptogenic cirrosis, and
several weeks before undergoing liver transplantation, suffered a cerebral infarc-
tion. Laboratory testing at the time of infarction found an LA, moderate IgG aCL,
and high titer IgM aCL; IgA aCL was negative. The patient was diagnosed with
PAPS, but anticoagulation treatment was avoided because she was awaiting liver
transplantation. Two days after transplantation, the patient’s aPTT was within
normal limits and within the first week her aCL titers fell to normal. At 4 months
post-transplant with no reappearance of her pre-transplant aPL, the patient had
good liver function.

Living-donor liver transplantation in a 10-year-old male patient with APS
induced Budd-Chiari syndrome also proved beneficial in reducing aPL titers [43].
Before transplantation the patient had IgG, IgA, and IgM aCL and was positive for
antibodies to a PL binding protein, β2-glycoprotein I. Anticoagulation therapy
began with a heparin drip immediately after surgery; the patient was later switched
to baby aspirin and warfarin to maintain an INR of 3. A pathologist’s examination
of the patient’s native liver showed necrosis with organized thrombi that were
ascribed to the aPL. Four weeks after transplant a decrease in all aPL titers was seen
and 4 months after transplant the patient was doing well without any episode of
thrombosis.

In contrast to the previous case reports, Villamil et al reported a case of cata-
strophic APS following liver transplantation for primary sclerosing cholangitis [44].
Six months prior to transplant a 57-year-old female patient twice suffered from a
transient ischemic attack (TIA) and was found to be LA positive but IgG and IgM aCL
negative. The patient was treated with aspirin until transplant when low-molecular-

Table 19.2. Antiphospholipid antibody positive, renal transplant patient vulnerability.

● High risk for allograft thrombosis during first 2 weeks post-transplant 
● aPL-positive CAPD patients at grave risk for renal allograft thrombosis
● aPE eluted from a transplant nephrectomy
● Fibrin deposition in a failed allograft demonstrated by immunohistochemistry
● Slow deterioration of function leading to shorter viable transplant duration compared to aPL negative recipients
● Anticoagulation therapy beneficial, heparin preferred

aPL = antiphospholipid antibody; CAPD = continuous ambulatory peritoneal dialysis; aPE = antiphosphatidylethanolamine.



weight heparin was added intra-operatively and both were maintained post-
operatively. She was doing well until 5 days post-transplant when cellular rejection
was diagnosed. On day 7 she developed right hemiparesia and a magnetic resonance
imaging (MRI) scan detected an ischemic lesion in the pons. On day 9 the patient
had marked bowel dilation with a large subhepatic hematoma; a diagnostic laparo-
tomy showed extensive ischemia of both large and small intestines with no evident
source of bleeding. Two days later the patient experienced copious bleeding
through her abdominal drains and developed a spontaneous hemothorax with a 
7 point fall in hematocrit. Full anticoagulation was stopped and the patient was
maintained on aspirin. The patient was intubated for 5 days subsequent to detection
of diffuse alveolar infiltrates. When removed from the ventilator she was difficult to
arouse despite discontinuation of sedatives more than 48 hours before. A brain MRI
showed extensive ischemia of the left hemisphere. On day 64 post-transplantation,
the patient, with optimal graft function, was transferred to a neurologic center for
rehabilitation.

A prospective study of 12 adult patients with advanced liver disease was designed
by Van Thiel and colleagues to determine whether aPL adversely affected vascular
thrombosis and whether aPL persist after transplantation [45]. All 12 patients had
high levels of IgG and IgM aCL before transplant but 1 month post-transplant none
was positive. Two of the patients had a pre-transplant history of peripheral venous
thrombosis. In spite of high levels of aCL prior to transplantation, none of the
patients was anticoagulated and none experienced thrombotic events during the 
2 year post-transplant study duration.

In a large series of pediatric liver recipients, Lallier and his group reported on 73
patients who received 81 hepatic transplants [46]. Vascular complications which
included hepatic artery thrombosis (HAT), portal vein thrombosis, or aortic
conduit perforation occurred in 13 of the children. For 1 patient, portal vein throm-
bosis was ascribed to aCL causing a hypercoagulable state.

Pre-transplant sera from 35 liver recipients were assessed by Pascual et al for the
presence of IgG and IgM aCL [47]. Seven of the patients presented with HAT post-
transplant and 28 did not. Overall, 22 of 35 (63%) had aCL in pre-transplant sera.
All 7 HAT patients were aCL positive whereas 15 out of 28 non-HAT recipients had
aCL (P = 0.03). The patients with HAT tended to have higher IgG and IgM aCL titers
than patients free from HAT. Repeat liver transplants were required for 5 of the 7
HAT patients. The authors commented that a negative aCL test has a much higher
predictive value than a positive finding.

Four patients with repeated liver allograft loss caused by recurrent HAT were
reported by Vivarelli et al [48]. These were the only patients among 24 re-trans-
plantations due to HAT that experienced recurrence. The first patient experienced
HAT in his first allograft 7 years after transplantation. Recurrence of HAT 3 days
after re-transplantation prompted aPL testing. Due to a high titer IgM anti–ß2-GPI
antibody the patient received anti-aggregant prophylaxis with the third liver trans-
plant and was alive and well at the time of the report. HAT developed in the second
patient 9 months after transplant. An LA was detected at the time of the first HAT
and persisted until 4 months after the third transplant when the patient, who was
doing well, tested LA negative. The third patient developed HAT 7 days post-trans-
plant and proceeded to experience HAT in the next 3 transplanted livers. The
patient died of sepsis in the post-operative period after his fifth liver transplant. The
final patient in the series first experienced HAT 22 months after liver transplanta-
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tion. At that time, high levels of aCL were detected. Subsequently the patient
required 2 more transplants with anti-aggregant and anti-thrombotic prophylaxis
before he became aCL negative. Including the patients described in detail, the inves-
tigators reported 57% of 11 patients re-transplanted due to late HAT were positive
for LA and/or aCL. The authors concluded that aPL should be investigated in liver
transplant recipients so that adequate anticoagulant, anti-aggregant prophylaxis, or
both can be included in post-transplant pharmacotherapy.

After hepatic vessel thrombosis and graft loss occurred in 2 aCL- and LA-positive
patients who presented with APS after transplantation, Collier et al retrospectively
tested for the presence of IgG aCL [49]. Stored sera collected 2 to 4 weeks post-
transplant from 132 patients were analyzed for IgG aCL and compared to the inci-
dence of allograft vascular thrombosis. Twenty-one of the 132 patients experienced
hepatic vessel thrombosis. IgG aCL were detected in 9 patients, 2 developed hepatic
vessel thrombosis, and 7 did not. This was not a significant finding and authors con-
cluded that the presence of aCL in the absence of an APS diagnosis is an uncommon
cause of hepatic vessel thrombosis. However, for patients with a history of pre-
transplant thrombotic episodes the authors would consider prescribing post-trans-
plant anticoagulation as a preventative measure. Of note is that HAT occurred in
the index patients 7 months and 6 years after transplantation. Similarly, the 4
patients presented by Vivarelli and coworkers presented with HAT 7 days, 9
months, 22 months, and 7 years after liver transplantation [48]. Unfortunately, it is
not clear from this report how long the 7 aCL-positive patients without thrombosis
were followed. HAT associated with aPL can present many months or years after
transplant, thus, one cannot discount the possibility of future graft thrombosis in
the aPL-positive patients with patent grafts at the conclusion of this study.

In the setting of liver transplantation, vastly different effects of aPL have been
reported. As summarized in Table 19.3, aCL and LA have disappeared subsequent
to liver transplantation [42, 43]. In stark contrast are the aPL-positive patients who
experienced HAT or catastrophic APS following liver transplantation [44, 47, 49].
The aPL-positive liver transplant patient may benefit from post-transplant antico-
agulation therapy, however, aPL associated HAT can occur years after transplant
[48, 49].

Heart Transplantation

Heart transplantation literature that addresses the consequences of aPL is limited. A
case report by Pengo and associates details a 38-year-old man in need of a heart
transplant who was both aCL and LA positive [50]. In preparation for trans-
plantation, the patient underwent 3 consecutive days of plasmapheresis to mini-
mize the possibility of his aPL damaging the vessels of the transplanted heart.

Table 19.3. Effects of antiphospholipid antibodies on the outcome of orthotopic liver transplantation. 

● Positive aPL findings corrected after transplantation for some recipients
● Catastrophic APS subsequent to transplantation 
● Post-transplantation HAT risks
● Repeat liver transplants due to HAT

aPL = antiphospholipid antibody; APS = antiphospholipid antibody syndrome; HAT = hepatic artery thrombosis.



Immunosuppressive therapy with cyclosporine and azathioprine commenced with
the plasmapheresis. After the third plasmapheresis, the aCL and LA were reduced.
Two days after the last plasmapheresis and while receiving immunosuppressive
treatment, the aCL again became positive. Over the next 5 days both the aCL and LA
levels rose to basal levels. Unfortunately, due to deterioration of kidney function,
immunosuppressive therapy was discontinued and the patient was discharged. The
patient died 2 days later and prior to transplantation.

A report from our laboratory contained a retrospective aPL analysis of 105
cardiac transplant recipients tested for IgG, IgA, and IgM aCL, aPS, and aPE [51].
Post-transplantation sera collected a mean of 36 months after the transplant showed
87 (83%) were aPL positive for at least 1 antigen–isotype combination, but many
had aPL of more than 1 isotype. In view of the high percentage of aPL-positive
patients, we retrospectively tested pre-transplant samples from 79 of the 105
patients. Fifty-two of 79 (66%) pre-transplant sera tested aPL positive with IgA
being the most prevalent antibody isotype. Correlation of transplant function or
biopsy data with aPL status was not undertaken in this study.

A different aPL related issue was raised for a heart transplant recipient who had a
low positive IgM aPL; the specificity of the aPL was not indicated [52]. Flow cyto-
metric (FACS) cross-matches are often used to detect recipient anti-donor antibod-
ies prior to solid organ transplant. FACS cross-matches with an IgM conjugate
using this patient’s sera against donor and autologous T lymphocytes resulted in a
mean fluorescence channel shift that fluctuated between 30–50 channels. In our
opinion, this is a low or borderline level positive. The authors concluded that the
IgM reactivity detected by FACS was caused by the aPL. In theory, an aPL can bind
to lymphocytes. The binding detected by FACS may be a consequence of viability of
the lymphocytes inasmuch as non-viable cells or cells undergoing apoptosis express
more anionic PL on the surface, thus, if apoptotic cells were used in the FACS cross-
match, a low level binding might not be surprising. Because this aPL-positive serum
was not subjected to absorption with phospholipid vesicles to show loss of FACS
activity, the question remains if the aPL and the FACS antibodies are one in the
same.

On the other hand, we reported the case of a heart transplant candidate who had
IgG antibody detected by FACS to 100% of a panel of lymphocyte donors [53]. In
preparation for transplant, the patient was given intravenous immunoglobulin
(IvIg) until his anti-HLA antibodies were no longer detected by FACS. The patient
was transplanted successfully 2 weeks after achieving FACS negative cell panel reac-
tivity. Although not included in the published report, this patient also had high titer
IgG aCL and aPS which were unaffected by IvIg treatment and which remained pos-
itive into the post-transplant period. These data indicate that the IgG detected by
FACS was not an aPL.

Left Ventricular Assist Systems (LVAS)

The use of ventricular assist devices either as a bridge to heart transplant or as a
permanent replacement in heart failure patients has been plagued by a high inci-
dence of thromboembolic complications [54]. We became interested in LVAS
patients because of their propensity to develop allo-antibodies, usually anti-HLA,
following multiple blood and platelet transfusions [53]. Because these patients are
serially tested for sensitization to HLA antigens, frozen sera were available for
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longitudinal aPL testing. Serial serum samples from 10 LVAS recipients were tested
for aCL, aPS, and aPE with IgG, IgM, and IgA conjugates. The majority (60%) of
these 10 patients were aPL negative prior to LVAS placement, however, 90% sero-
converted to aPL positive after LVAS placement [55]. This finding prompted us to
ask whether the aPL were a result of platelet activation due to placement of the
LVAS and subsequent change in hemodynamics, or was the LVAS, as a foreign
body, directly stimulating aPL production such that the aPL then reacted with
platelets? [56]. Either circumstance could be related to the association of aPL and
thrombosis after LVAS placement in these patients. The data demonstrated that
LVAS recipients exposed to Thrombogen®, a topical bovine component of fibrin
glue, developed antibodies to this agent. Further studies showed that Thrombogen®

contained PL-binding plasma proteins that supported aPL ELISA reactivity for both
anionic (aCL, aPS) and zwitterionic (aPE) PL [57, 58].

The specificity and the platelet reactivity of LVAS patient aPL were similar if
not identical to the aPL found in other aPL-positive patients who experienced
thrombosis [56]. As a result of the studies with Thrombogen®, the cardiothoracic
surgeons at Methodist Hospital of Indiana discontinued or markedly decreased
the use of bovine thrombin during LVAS placement. Subsequently, no aPL sero-
conversion was found in 5 non-exposed patients. Further, no post-placement
thromboembolic events occurred in the 5 non-exposed patients compared to half
of 6 exposed patients who experienced either a cerebrovascular accident (n = 2) or
a TIA (n = 1).

Valve Replacement

The impact of aPL on cardiac valve replacement has been documented recently in
a number of papers that address the outcome of both aortic and mitral valves.
Case reports and a single retrospective review describe post-surgical events expe-
rienced by patients who received either tissue (homografts) or mechanical valve
replacements.

Aortic Valves

Thrombosis of an aortic valve homograft in a patient with LA was reported by
Unger and colleagues [59]. The 33-year-old woman had an uneventful post-opera-
tive course until she experienced a large thrombus on the aortic aspect of the graft 8
months after surgery. Acenocoumarol treatment was initiated and disappearance
of the thrombus followed. Fifty months later the patient experienced a second
thrombus of the aortic valve homograft. Unfractionated heparin was administered
followed by acenocoumarol resulting in complete disappearance of the thrombus
after 3 months. One year later the patient was doing well.

In contrast to the above report, Matsuyama et al reported a 42-year-old woman
with a 10-year history of high titer aCL and APS who had an uneventful 
post-operative course subsequent to prosthetic aortic valve placement [60]. Oral
warfarin and low doses of prednisolone were started on the first post-operative
day. Without special consideration to reducing the elevated aPL levels, the
patient experienced no hemostatic or thrombolic problems in the year following
surgery.



Mitral Valves

One hour after placement of a mechanical mitral valve, a 31-year-old woman with a
history of APS with LA and aCL became hypotensive with a profoundly ischemic
ECG [61]. Suspecting catastrophic APS, the patient was administered intravenous
heparin and placed on bypass to support her circulatory collapse. Following 4
plasma exchanges in 36 hours, the patient’s IgG aCL levels fell to normal and her
myocardial function improved. By the time of discharge 7 weeks post-operatively,
the patient’s IgG aCL had risen again to greater than 100 G phospholipid (GPL)
units. No additonal follow up was provided for this patient.

The case of a 46-year-old female SLE patient with an LA was reported by
Brownstein and co-workers [62]. The patient who developed symptoms of cardiac
tamponade 8 days after placement of a mechanical mitral valve required surgical
evacuation of a mediastinal hematoma. The patient recovered from this procedure
but due to persistent rhythm disturbances required implantation of a pacemaker.
The patient was discharged on post-operative day 16 taking anticoagulant therapy
of aspirin and coumadin.

Kato et al reported a case of a 48-year-old woman previously diagnosed with SLE,
APS, and chronic renal failure who was admitted for replacement of a bioprosthetic
valve placed 9 years before [63]. Two days after replacement surgery, when
heparinization was stopped the patient suddenly had an epileptic fit and ischemic
necrosis of the fingers and toes. The patient was treated with aspirin and warfarin.
The necrosis gradually disappeared and the patient was discharged 3 months after
surgery. The authors concluded that strict management of anticoagulant therapy is
required for patients with APS undergoing valve replacement.

A single case of a patient with SLE and APS undergoing mitral valve replacement
with a biological prosthesis was reported by da Silva and colleagues [64]. This
patient died 9 months later subsequent to massive intra-cardiac thrombosis and
prosthesis dysfunction. Two additional cases of mitral valve replacements using
tissue valves were among 10 patients with aPS who received mitral valve replace-
ments presented by Berkun et al [65]. One of the patients who received a homo-
graft underwent reoperation 15 months later because of partial detachment of the
aortic homograft. The other patient who received a tissue valve was not specifically
delineated; there were 4 deaths among the 10 patients and only 4 patients had
uneventful outcomes during 8 years of follow up. These investigators concluded
that to reduce operative risks APS patients should be considered for earlier opera-
tive intervention and that mechanical valves are probably the better choice for these
patients.

Summary of Cardiac Replacement and aPL

aPL findings in the settings of heart transplantation, valve replacements, and in
mechanical assist devices are summarized in Table 19.4. A high incidence of aPL
have been reported in pre- and post-transplant blood of heart transplant patients.
While there was no correlation with transplant function or biopsy findings in the
aPL-positive patients, there may be an association with aPL development and the
use of fibrin glues and bovine thrombin used during cardiac surgery [51, 57, 58].
Further, thrombotic events after both tissue and prosthetic valve replacement
surgery have been reported for aPL-positive patients [61, 64, 65]. IvIg treatment for
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a cardiac transplant patient did not decrease aPL titers, thus careful management of
anticoagulant therapy is advised for aPL-positive patients [53, 63].

Lung and Heart-Lung Transplantation

The choice between transplanting the lung alone or the heart and lung enblock for
patients with pulmonary dysfunction often depends upon donor availability and
other surgical and medical considerations [66]. Three SLE patients with pulmonary
hypertension who underwent heart–lung transplant were reported by Asherson et al
[67]. Two aPL-negative recipients were considered transplant successes for up to 1
year after transplantation. The only recipient with aPL, LA, and extremely high aCL
died during the transplant surgery.

A review of 11 years of lung transplantation experience at Papworth Hospital in
Cambridge, United Kingdom, included 2 SLE patients with aCL among 19 who
underwent lung transplantation [68]. Overall, 9 patients died, including the aCL-
positive SLE patients, both of whom died as a consequence of mesenteric thrombo-
sis resulting in bowel infarction and multi-organ failure. The first patient died 60
days after heart–lung transplant and the second died 18 days after single lung re-
transplantation 20 months after the initial heart–lung transplant was complicated
by progressive obliterative bronchiolitis. The authors concluded that patients with
SLE, particularly those with aCL, should probably not be considered candidates for
lung transplantation.

In series of 72 patients with chronic thromboembolic pulmonary hypertension
reported by Simonneau and co-investigators, 38 patients were tested for LA. Nine
(24%) were found to be LA positive [66]. Eight patients in this series were selected
for lung or heart–lung transplantation. One patient died the day after transplant
and another died 2 years after transplantation from obliterative bronchiolitis. The
remaining 6 patients were alive 5 months to 5 years after transplantation.
Unfortunately, it is not possible to discern in this paper which patients may have
had LA activity.

In a retrospective review of medical records for 72 single-lung transplants,
Nathan and colleagues found 7 symptomatic events of pulmonary embolism in 6
patients [69]. All pulmonary embolism events occurred in men who were diagnosed
with idiopathic pulmonary fibrosis. Twenty-three patients had the diagnosis of idio-
pathic pulmonary fibrosis, thus 27% of these patients had a pulmonary embolism
compared to none of the patients with other diagnoses (P < 0.001). The length of
hospital stay at transplant was longer, but not remarkably so, for the patients who
went on to have a pulmonary embolism compared to those who did not. At the time
of the events all patients were oxygen independent, ambulatory outpatients. There
were no laboratory data provided for these patients.

Table 19.4. Antiphospholipid antibody risks associated with heart transplantation and cardiac prosthetic devices.

● High incidence of aPL pre- and post-transplant
● aPL not abrogated by IvIg treatment
● aPL in LVAS recipients related to use of bovine fibrin glues and thrombin sprays
● High incidence of cerebrovascular events in LVAS recipients
● Thrombotic events subsequent to tissue and prosthetic valve replacement

aPL = antiphospholipid antibody; IvIg = intravenous immunoglobulin; LVAS = left ventricular assist system. 
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A study published soon after by Magro and coworkers tested patients with idio-
pathic pulmonary fibrosis for aPE, aCL, aPS, and anti–β2-glycoprotein I [70]. This
paper reported that 100% of the 18 patients tested positive for 1 or more aPL. When
this study was pointed out to Nathan and Barnett in a letter to the editor, they
agreed that the findings of Magro should be verified in prospective studies [71]. All
new idiopathic pulmonary fibrosis patients seen by Nathan and colleagues are now
prospectively tested for aPL [71]. If the high prevalence of aPL is confirmed, this
would define a group of patients who would benefit from anticoagulation therapy in
the pre- and post-transplant settings [72].

In lung transplantation as in renal transplantation, aPL have been associated with
significant morbidity and mortality [67–69]. A brief summary of aPL associated
events subsequent to lung transplantation is presented in Table 19.5.

Vascular Bypass Grafts

The previously discussed transplant tissues were allogeneic in origin. Vascular
bypass grafting affords a look at the effects of aPL on autologous and prosthetic
grafts. Table 19.6 summarizes aPL risks for patients undergoing vascular bypass
procedures.

Cardiac Bypass

Dauerman and colleagues presented a case study of a 56-year-old woman with IgG
aCL and a factor XII deficiency who underwent a technically unremarkable triple
cardiac bypass [73]. Within 1 hour of arriving in the intensive care unit the patient
suffered multiple cardiac arrests. Coronary angiography showed thrombotic occlu-
sion of the distal anastamoses of the 3 grafted vessels. Intracoronary thrombolysis
was accomplished with rapid injection of urokinase into each of the grafts. With a
total dose of 550,000 units of urokinase, the vessels were opened and the patient did
not experience bleeding. Repeat angiography 3 days later showed all grafts were
patent. The patient, maintained on heparin and later warfarin, had no further
cardiac events during 3.5 years of follow up.

Table 19.5. Antiphospholipid antibody related morbidity and mortality in lung transplantation patients.

● Increased incidence of aPL in idiopathic pulmonary fibrosis patients
● aPL associated with pulmonary embolism and catastrophic APS

aPL = antiphospholipid antibody; APS = antiphospholipid antibody symdrome.

Table 19.6. Vascular bypass graft risks for antiphopholipid antibody positive patients.

● Thrombotic occlusion and thrombocytopenia subsequent to cardiac bypass surgery
● Shorter duration of patency after peripheral bypass
● Increased thrombotic events in dialysis patients with A-V grafts compared to patients with A-V fistulas
● APL-positive patients recieving prosthetic grafts may be at higher risk of thrombotic events than those with autologous 

grafts

aPL = antiphospholipid antibody; A-V = arterio-venous. 



The outcome of repeat coronary bypass 14 years after initial bypass was pre-
sented by Nakayama et al [74]. The 69-year-old male had been treated with pro-
cainamide and warfarin for frequent episodes of premature ventricular beats since
the original bypass. Warfarin was discontinued 4 days before the repeat bypass,
which was unremarkable until the second post-operative day when the platelet
count dropped significantly. The patient developed shock after therapeutic platelet
transfusion. A platelet transfusion on post-operative day 8 was followed by a return
of shock. Concurrently, thromboses were noted in the grafts to the coronary arter-
ies, right brachiocephlic vein, superior vena cava, and peripheral veins. Heparin was
administered to treat the systemic thrombosis and consumptive thrombocytopenia.
After thrombectomy, the patient was found LA positive and aCL negative. The LA
was negative 2 months after the episodes of graft occlusion, however, the patient
died of heart failure 2 months later. These investigators concluded that aPL status
should be determined for patients who develop unreasonable thrombocytopenia
after bypass, especially for patients with a history of procainamide use.

Peripheral Bypass

In a cross-sectional study of 234 general vascular surgery patients, Taylor et al
tested for IgG, IgM, IgA, aCL, and LA prior to surgery [4]. Arterial reconstructions
for these patients included bypasses, aneurysm repair, and revascularizations. Sixty
patients (25.6%) were aPL positive (53 aCL, 5 LA, and 2 both); none had other
hypercoagulable disorders. Ten aCL patients (19%) had IgA only. A significant
number of aPL-positive patients had undergone previous peripheral arterial surgery
(P < 0.04); further, a higher proportion of these patients had undergone previous
lower extremity revascularization (P = 0.047). aPL-positive patients were 5.6 times
more likely to have had an occlusive failure of a previous procedure (P = 0.003) and
a shorter duration of patency before occlusion (P = 0.03) than aPL-negative
patients. This study highlights the importance of including IgA in the ELISA as the
number of aCL-positive patients was substantially increased.

A second prospective study by this group reached different conclusions [75]. The
prospective study followed 262 patients who received elective infrainguinal bypass
procedures. As in the original study, patients were tested for IgG, IgM, and IgA aCL,
and LA using blood collected prior to surgery. Laboratory results were not known at
the time of surgery and thus did not influence surgical treatment. Eighty-three
patients (32%) had hypercoagulable states related to aPL (70 aCL, 11 LA, and 2 aCL
with LA). Primary patency rates were not significantly different between the aPL-
positive (43%) and -negative patients (59%, P = 0.087). The aPL-positive and -nega-
tive groups were well matched with the exception that aPL-positive patients
received post-operative warfarin twice as often as aPL-negative patients. Many
more patients were maintained on warfarin in the prospective study than in the ret-
rospective study (P = 0.002) [75]. In addition, routine use of aspirin before and after
surgery may have contributed to the decrease in thrombotic events for aPL-positive
patients in the second prospective study. Comparing the outcome data, the authors
noted that aPL may have an adverse effect on prosthetic grafts as opposed to autolo-
gous grafts inasmuch as many of the failed grafts in the original retrospective study
were prosthetic, whereas none of the grafts in the prospective study were prosthetic
[75]. Unfortunately, the patients who received autografts were not analyzed inde-
pendently for aCL and LA [4, 75]. It would be of interest to analyze separately autol-
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ogous versus prosthetic grafts as well as include the additional findings for the aPS,
aPE, and aPC ELISA.

In contrast to the above study that failed to confirm an earlier report of a rela-
tionship between aPL and bypass graft outcome, a more recent paper by Nielsen
and coworkers found that IgM and IgG aCL appeared to associate with an increased
risk of autologous infrainguinal bypass failure [76]. Although the number of aCL-
positive patients in this study of 80 vein graft patients was limited to 7 (IgG 2, IgM
5), patency at 6 months was 14% versus 57% in aCL-negative patients (P = 0.03).
Four of the 7 patients thrombosed their graft within 3 months and another 2 devel-
oped stenosis. The presence of aCL and diabetes independently contributed towards
the overall risk of graft failure in this study (P = 0.008 and 0.006, respectively). We
have reported a high incidence of aPL in diabetic patients (81%), and for those
diabetic patients with proliferative retinopathy, IgA aPE was detected with 68%
prevalence [77].

Thrombophilia screening for 124 lower-limb revascularization patients presented
by Ray et al included testing for low levels of protein C, protein S, or antithrombin
III and for LA [78]. Seventy-five patients had occluded (31 recent, 44 old occlusions)
and 49 had patent revascularization procedures. Coagulation abnormalities were
found in 40% with the most common abnormality, LA, occurring in 34 (27%)
patients. Seven of 10 patients retested for LA after a median interval of 3 months
remained positive. Caludicants who did not undergo revascularization had a similar
frequency and distribution of coagulation abnormalities as patients with patent vas-
cularization procedures. Within the group of patients with patent bypasses, there
were no significant differences in the prevalence of abnormalities between those
with autogeneous vein bypasses and those with prosthetic grafts (18% vs. 27%). The
LA was nearly 4 times more prevalent in patients with old rather than recent occlu-
sions. Further, each of 9 patients with LA in combination with low protein C or
protein S levels had a prosthetic graft, causing these investigators to speculate that
LA may appear as a consequence of exposure to the prosthetic material.

Hemodialysis Access Grafts

Support for the idea that aPL appearance may be precipitated by the use of pros-
thetic material has been demonstrated in hemodialysis patients. In a retrospective
study of 91 patients who had received a minimum of 6 months of uninterrupted
dialysis, Prakash and colleagues found IgG aCL positivity in 22% of patients with
arteriovenous grafts compared to 6% positivity in patients with arteriovenous
fistulas [79]. One-hundred-forty-two thrombotic events of the arteriovenous graft
occurred in 74 patients compared to no thrombotic events in 17 patients with arteri-
ovenous fistulas over the 30-month study period.

In a study limited to dialysis patients who received synthetic, PTFE (Gore-Tex®)
grafts, LeSar et al reported 91 surgical procedures for initial placement of vascular
access or repair of complications in 34 patients [80]. Twelve patients had hyperco-
agulable abnormalities defined by LA, aCL, aPS, activated protein C resistance, or
deficiencies in protein C, protein S, or antithrombin III. Elevated aPL were found in
83% of these patients and 58% had multiple abnormalities. Hypercoagulability was
the only determinable cause in 28 (42%) cases of thrombotic complications. Two
patients in this group had frequent PTFE graft thromboses but had normal hyper-
coagulable workups according to the methods used. This raises an issue about
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expanding the testing to include additional antibody isotypes and phospholipid
antigens, that is, aPE and aPC and IgA.

Bone Marrow Transplantation (BMT)

Reports of LA and solid-organ graft failures were followed by reports of coagulation-
associated failures in patients who received allogeneic as well as autologous BMT. In a
study by Conlan and coworkers, 46 patients with refractory malignant lymphoma
admitted for autologous stem cell transplantation were evaluated for hemostatic
abnormalities [81]. Low-to-moderate titer aCL were present in 29% of 35 patients
tested (5 IgG, 3 IgM, 2 IgG + IgM). LA (dRVVT) was documented in 7 of 43 patients
tested (16%), 3 also were aCL positive. Although the authors implicated these abnor-
mal findings as possible causes or contributors to thrombotic complications fre-
quently seen during autologous BMT, the aPL status was not related to BMT outcome.

Development of an LA following BMT occurred in 38 of 1292 patients from a
single program [82]. This study was a retrospective review of autologous and allo-
genic BMT patients cross-referenced with the coagulation laboratory testing results
to identify patients with LA as defined by a prolonged PTT. More frequently
detected in children than adults, the LA were usually detected in the first or second
month following transplant. Significant associations were noted between the LA and
busulfan plus cytoxan treatment as a preparatory regimen, receiving cyclosporine
or T-cell depleted marrow and with viral infections. Four of the 38 patients experi-
enced thrombotic complications. Gastrointestinal bleeding occurred in 13 of the
patients, and it was the bleeding episodes that prompted requests for coagulation
testing and subsequent identification of the LA. As the investigators pointed out, the
true incidence of LA in their BMT population was not known because routine coag-
ulation studies were not performed for all patients.

In 1998, a BMT case report was published detailing aCL associated thrombotic
complications. This was a case of a 4-month-old patient with Omenn syndrome
(SCID variant) who underwent a BMT from a HLA identical sibling [83]. Day 59
post-BMT the child suffered a major cerebral vascular accident (CVA) and devel-
oped severe pulmonary hypertension. A persistently elevated aCL was detected. The
presence of central line-derived microemboli was suspected. Anticoagulation was
initiated, but discontinued 6 months later when aCL was no longer positive.
Retrospective analysis of pre-BMT serum from the recipient found low titers of aCL;
the donor tested negative. The authors emphasized the importance of screening for
aCL whenever thrombotic events are suspected.

Disappearance of aPL after BMT

Four case reports have been published reporting disappearance of aPL subsequent
to allogenic and even after autologous BMT. The case published by Olalla et al
reported the disappearance of an LA subsequent to BMT with an HLA-identical
sibling donor [84]. In this case, a 23-year-old female diagnosed with chronic
myeloid leukemia (CML) had a persistent LA at least 15 months prior to transplant,
which fully resolved by day 27 post-transplant. She remains hematologically normal
4 years and 8 months after BMT.
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Musso and colleagues reported disappearance of aCL and LA subsequent to
autologous BMT in a 19-year-old female SLE patient with secondary APS [85]. The
patient’s clinical history included both arterial and venous thrombosis, thrombocy-
topenia, and autoimmune hemolytic anemia (AIHA, Evans’ syndrome). Eventually,
after several relapses of AIHA, she was conditioned to receive autologous CD34 pos-
itive progenitor cells from peripheral blood. After mobilization of peripheral blood
precursor cells, the aCL became borderline positive and the LA disappeared. Eight
months post-transplant she was well and in a normal hematological state without
further treatment, suggesting that either the conditioning regime or autologous
BMT affected LA and aCL activity in this patient.

Hashimoto and colleagues recorded the course of a 27-year-old female SLE
patient who had endured 7 years of monthly plasmapheresis to prevent symptoms
of APS [86]. In spite of the intense treatment she suffered myocardial necrosis
attributed to damage caused by APS. The patient was found to have aCL at the time
of APS diagnosis 9 years before. Based on the progressive nature of the cardiac
disease the patient underwent autologous BMT in an attempt to abrogate the effects
of APS. aCL levels had decreased from 84.2 to 25.5 U/mL (normal < 10 U/mL) at the
6-month follow up. Twenty-one months after BMT the patient has no recurrent APS
symptoms and has experienced improvement in cardiac status.

A female with a clinical history of recurrent episodes of pulmonary hemorrhage,
thrombocytopenia, central and peripheral nervous system involvement, and
severely disabling diffuse calcinosis, mostly in the hip joints and pelvic muscles,
was diagnosed at age 15 with APS when IgG and IgM aCL were detected [87]. In
light of rising aCL titers, pulmonary hypertension, ischemic necrosis of the digits,
and the child becoming bedridden due severe mobility limitations secondary to the
calcinosis, Elhasid and colleagues offered her autologous BMT as a mode of treat-
ment. Gradually the patient’s mobility improved as the calcinosis nodules liquefied
after transplant. While the aCL levels remained slightly elevated, 2 years after autol-
ogous BMT the patient was free from clinical and laboratory evidence of disease
activity. The pathogenesis for the disappearance of the massive calcinosis is not
clear, however, the authors speculate it is possibly associated with vigorous anti-
inflammatory and immunosuppressive therapy provided with BMT.

The clinical outcomes of BMT are reminiscent of the experimental outcome doc-
umented for autoimmune-prone mice given bone marrow from autoimmune-
resistant mice discussed below [88]. These data support the idea that LA and aCL
arise from an aberrant clone of immunocompetent marrow cells and that ablation
of this clone by irradiation or chemotherapy can destroy the aberrant cells for suc-
cessful autologous or allogeneic transplantation.

A recent and unique paper by Mengarelli et al describes prospective aCL and LA
studies of 32 patients undergoing allogeneic BMT [88a]. The aim of this prospective
study was to investigate levels of aPL in subjects with hematological malignancies
undergoing allogenic BMT. LA and aCL were measured prior to the conditioning
regimen and at specific intervals post BMT for 6 months. No significant changes in
aPL status or levels were observed during the first 3 months post-transplant,
however, between 3 and 6 months a significant difference in the incidence of IgG
aCL was seen. All recipients of unrelated marrow became IgG aCL positive versus
35% of recipients who received related marrow. LA and IgM aCL mean values did
not change. None of the patients experienced a thrombotic diathesis. No correlation
between aCL and the conditioning regimen or the type of graft versus host disease
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(GVHD) was apparent. Upon examination, aCL seroconversion was associated with
CMV infection such that the authors concluded that aCL positivity was significantly
associated with, if not a result of, CMV infection. Interestingly, the ELISA used for
these studies tested for β2-glycoprotein I independent aCL, the type of aCL which
has been proposed to be associated with infections and not associated with throm-
botic events. Support for a relationship between CMV infection and aCL production
is found in a recent publication from Gharavi and colleagues [89].

Morio et al described hepatic veno-occulsive disease (VOD) leading to death in a
male patient who received HLA-identical bone marrow from his brother [90]. The
LA in this patient was detected only after transplant, which implies that the LA was
caused either by conditioning therapy or marrow transfusion. Interestingly, neither
this patient nor any of those patients presented by Conlan had prolongation of the
aPTT [81, 90].

Hepatic VOD resulting in liver dysfunction is a common complication of BMT.
Hepatic dysfunction in conjunction with central nervous system (CNS) and pul-
monary dysfunction comprises a systemic disorder known as multiple organ dys-
function syndrome (MODS). Vessel destruction by fibrous obliteration in both VOD
and MODS is the proposed consequence of pre-transplant chemo-radiation and
activation of the hemostatic system. Because aPL are associated with venous and
arterial thrombosis which may lead to vessel occlusion, Fastenau and colleagues
designed a study to determine if aPL-positive BMT candidates were prone to
develop VOD and/or MODS more frequently than aPL negative patients [91]. Pre-
transplant blood samples collected prior to chemo-radiation were assayed to deter-
mine the incidence of aPL in 112 BMT patients, 57 who developed and 55 who did
not develop VOD or MODS post-transplant. In contrast to previously discussed aPL
studies which were limited to ELISA detection of aCL, Fastenau tested for aPS and
aPE and included testing for IgA aPL as well as differentiating between those aPL
that were dependent upon or independent of PL-binding plasma proteins. This
study showed that there was no significant difference (P = 0.480) in the incidence of
aPL between those BMT patients who went on to develop VOD/MODS (57/112)
versus those that did not (55/112).

GVHD

An association between aPL and another post-transplant complication, GVHD, was
reported by Sohngen and colleagues in a 54-year-old man who received HLA-identi-
cal marrow from his sister for treatment of chronic myleomonocytic leukemia [92].
His post-BMT clinical course was complicated by VOD, acute GVHD, and
hematemesis secondary to an ulcer in the gastric mucosa. Seven months later after
cyclosporine GVHD prophylaxis was tapered, the patient experienced severe
chronic GVHD and a significant drop in platelet count. At this time IgG aCL and LA
were detected in his blood. Therapy with high dose IvIg and prednisone was not
effective. After reinstitution of cyclosporine, the platelet count returned to normal;
clinical signs of chronic GVHD and all autoantibodies vanished. The authors con-
cluded that LA as well as other autoantibodies might contribute to chronic GVHD.

A larger, dual center study of chronic GVHD was reported by Quaranta and asso-
ciates [93]. Eighty-nine BMT recipients who presented with chronic GVHD 106 to
1507 days post-infusion were tested for a number of allo- and autoantibodies as
part of an investigation for an association between chronic GVHD and primary
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biliary cirrhosis. The sera from the patients with GVHD were found to have a
variety of autoantibodies including IgG, IgA, and IgM aCL, which were positive in 9
patients (10.1%). The authors did not address the significance of aPL in the setting
of chronic GVHD.

An LA in the absence of aCL was detected in a 28-year-old man who received a
matched-related allogenic BMT for treatment of aplastic anemia [94]. The
patient’s immediate post-transplant course was uneventful; engraftment was doc-
umented on day 16 and he was discharged from the hospital on day 24. The
patient returned on day 34 with symptoms of gastric GVHD. The patient had a
normal aPTT prior to transplant but at presentation with acute GVHD, an LA was
detected. There was no clinical evidence of thrombosis or systemic bleeding.
Methylprednisolone therapy was started and his gastrointestinal symptoms
improved. The LA remained abnormal after 6 days of steriod therapy. His acute
GVHD flare subsided with initiation of a 4-week course of infliximab. Follow-up 4
months later found the aPTT normal. These authors offer three possible mecha-
nisms for de novo development of the LA in this patient. First, damage of the cell
membranes by direct allograft effect (gastrointestinal GVHD). Second, damage of
cell membranes secondary to the cytotoxic effects of chemotherapy, namely
cyclophosphamide. And the third possibility was the combined effects of the first
two proposed mechanisms.

An unsolved mystery in autoimmune conditions as well as in transplantation is
the stimulus or trigger for development of aPL. Many investigators concur that
genetic components are involved, but there is also the proposal that aPL production
is the consequence of a second “hit” or signal. In certain experimental situations,
the second (or environmental) signal appears to be recognition of and response to
cells that undergo apoptosis. In studies reported by Mevorach apoptosis of murine
thymocytes was induced by irradiation, the apoptotic cells then were intravenously
injected into syngeneic, age-match recipients [95, 96]. The recipient mice, initially
aPL naïve, were bled at intervals post-transplant and were shown to produce aPL
and autoantibodies to ssDNA that were self-limiting after 10 weeks. Repeat injection
of apoptotic cells induced a second round of aPL production.

These data are intriguing inasmuch as the appearance of aPL may represent a
physiological overload mechanism that has the purpose of opsonizing excess cells
undergoing programmed cell death and to remove them from the circulation
without bringing about inflammatory responses and necrosis [97]. Inasmuch as the
primary diseases leading to transplantation may have exposed these patients to
excessive numbers of apoptotic cells, the immunological defect in aPL-positive
patients may be related to the loss of regulation of this overload network.
Production of aPL may be a normal response to infection and/or normal apoptotic
processes, but failure to downregulate the aPL production could promote a chronic
thrombogenic state. In short, persistent presence of aPL may reflect a situation
wherein a regulatory mechanism for keeping aPL under control has been compro-
mised; consequently the patient continues to produce aPL and is at risk for aPL-
associated thrombosis.

Lessons from Mice

The clinical accounts suggestive of aPL being a risk factor in BMT prompted several
basic experiments using mice that develop systemic autoimmunity involving
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autoantibodies such as aCL and other lupus-associated features. Transplantation of
T-cell depleted marrow from autoimmune-prone W/BF1 mice into irradiated
autoimmune-resistant B6C3F1 mice resulted in induction of aCL and lupus-like
disease [88]. In reciprocal experiments T-cell depleted marrow from B6C3F1 mice
was transplanted to W/BF1 mice, whereupon the lupus-like symptoms and aCL pro-
duction were prevented in the W/BF1 mice. These results imply that production of
aCL is at least partly due to genetic abnormalities within radiosensitive bone
marrow stem cells. Moreover, the transplanted B6C3F1 mice that went on to develop
cardiovascular disease (CVD) had higher titers of aCL than the transplanted B6C3F1
mice who did not develop CVD (P < 0.01). The question that remains unanswered
is: Did the CVD stimulate the production of aCL or did the presence of aCL result in
CVD?

A second study examined the incidence of gastrointestinal (GI) vasculitis in the
same strains of autoimmune-prone and -resistant mice [98]. Similar to the previous
experiments, these investigators found that T-cell depleted marrow from W/BF1
mice caused fatal GI vasculitis in recipient B6C3F1 mice. In contrast, transfer of
B6C3F1 T-cell depleted marrow to irradiated W/BF1 mice was protective. Mice
engrafted with W/BF1 marrow that developed vasculitis had significantly higher
titers of aCL than engrafted mice without GI vasculitis (P < 0.005).

Additional experiments using marrow transfered from BALB/c mice to lethally
irradiated W/BF1 mice by Adachi and coworkers reported that post-transplant,
thrombocytopenia, leukocytosis, renal dysfunction, and hypertension were amelio-
rated in the transplanted W/BF1 mice [99]. Non-treated mice died of myocardial
infarction or renal failure by age 7 months, whereas 60% of transplanted mice sur-
vived more than 1 year. The treated mice showed no signs of myocardial infarction,
which was attributed to lower levels of aCL subsequent to transplantation.

In contrast to the above studies which resolved the natural production of autoim-
mune disease, Blank et al demonstrated transfer of APS through BMT [100]. Whole
cell marrow from mice with an experimentally induced APS transferred to naïve
BALB/c mice resulted in development of experimental APS in the recipients.
Intrestingly, T-cell depleted marrow failed to transfer the disease as aPL produc-
tion was not induced, nor was a high rate of fetal resorptions observed in recipients
of T-cell depleted marrow. 

Explanations for the incongruent results between this study with those
mentioned previously are not straightforward. Genetic variations among the dif-
ferent strains of mice used in these various studies may contribute to the variant
results.

BMT Summary

Although aPL have been associated with post-BMT thrombotic events, aPL also
have been detected subsequent to post-transplant bleeding episodes [82, 83]. A
large study of pre-transplant blood samples collected before chemo-radiation
therapy failed to find a correlation between aPL and post-transplant VOD or
MODS [91]. In fact, allogenic as well as autologous BMT has resulted in abroga-
tion of aPL and APS [84–87]. Summarized in Table 19.7, the risks of BMT for the
aPL-positive patient are not as pathognomonic as reported for solid organ trans-
plant recipients.
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Summary

From the data provided in the majority of the solid organ and tissue transplant pub-
lications, the presence of aPL should be considered a significant risk factor for any
potential transplant candidate. The greatest risk is found in the first 6 months after
transplantation [101]. For some patients, however, the hypercoagulable state per-
sists throughout life and thrombotic loss of the transplanted organ can occur years
after transplantation surgery [48, 49]. Peritoneal dialysis patients awaiting renal
transplantation appear to be at utmost risk. Treatment for aPL associated risks
remains focused on anticoagulation therapy. The use of immunosuppressive agents
has not proven to have a dramatic effect on aPL titers and has little effect on clinical
events [102]. Given the serious psychological and economic impact of irreversible
thrombosis in a transplanted organ, the modest expense of pre-transplant aPL
screening should be readily justified.

In the United States in 2003, the average cost of a kidney transplant lost to aPL
associated thrombosis was estimated to be $117,317 (range, $62,000–$204,000)
[103]. The expense of losing a transplanted heart or liver to aPL associated throm-
bosis not only includes healthcare dollars, but often includes loss of a patient’s life.
The encouraging news is that once aPL are identified pre-transplant, prophylactic
anticoagulation appears capable of averting aPL associated allograft events.

The effects that aPL have relative to BMT are altogether different than those
ascribed to solid organs and tissues. By definition, the transplantation of allo-
geneic bone marrow serves to reconstitute the recipient with a completely new
and in cases of allogenic BMT, a genetically different repertoire of antibody pro-
ducing cells. Previously aPL-positive bone marrow recipients have become aPL
negative subsequent to transplantation, assuming that the marrow donor was aPL
negative. These observations are the basis for contemporary experimental
approaches to curing certain autoimmune diseases with BMT. Similarly, as has
been shown in experimental mouse models, an aPL-negative patient, provided
cells from an aPL-positive donor, could become aPL positive and suffer increased
risk for thrombosis.

Clearly, much remains to be discovered in laboratory exploration of the pathobi-
ology of aPL as well as in instituting methods to neutralize their procoagulant
effects at the bedside.

Table 19.7. Antiphospholipid antibody associated findings in bone marrow transplant.

● LA may develop in the first months after BMT
● aPL may disappear after BMT
● CMV infection associated with aCL seroconversion post-BMT
● No aPL association with development of VOD or MODS
● aPL associated with GVHD
● Autoimmunity can be transferred by BMT in mice
● The sequela of autoimmune disease can be corrected with BMT 

LA = lupus anticoagulant; aPL = antiphospholipid antibody; BMT = bone marrow transplant; CMV = cytomegalovirus; 
VOD = veno-occlusive disease; MODS = multiple organ dysfunction syndrome
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20 Antiphospholipid Syndrome in Children
Lori B. Tucker and Rolando Cimaz

Introduction

The scientific and clinical understanding of the phenomenon of antiphospholipid
antibodies (aPL) has grown enormously since the first descriptions of an inhibitor
of in vitro clotting tests in the serum of some patients with systemic lupus erythe-
matosus (SLE) by Conley and Hartman [1], and the subsequent connection of these
inhibitors to the occurrence of thromboses [2]. The lupus anticoagulant (LA)
described in these early studies was found to be an antibody directed against phos-
pholipids [3]. Extensive studies of adult populations have further identified the
primary clinical associations of aPL: recurrent venous and arterial thromboses,
thrombocytopenia, and recurrent fetal losses. Other less common or minor clinical
findings described in adults with aPL include valvular heart disease, early myocar-
dial infarction, pulmonary hypertension, renovascular microthrombotic disease,
hemolytic anemia, transverse myelitis, chorea, and livedo reticularis [4].

In comparison to the enormous amount of information concerning aPL in adults,
there has been relatively less research in the area of aPL in pediatrics [5–10]. aPL
and their associated clinical features are now recognized to occur in children,
although not commonly. Pathogenic mechanisms involved in pediatric antiphos-
pholipid syndrome (APS) appear to be the same as in adults. However, because
pediatric patients generally do not have many of the prothrombotic risk factors that
can be present in adults, there are clearly differences in the spectrum of clinical
findings. The presence of aPL and associated clinical events have been well-
described in some children with SLE but occurs in those without SLE as well. In
children, one of the most common reported clinical problems associated with aPL is
that of cerebral ischemic stroke, in general a relatively rare occurrence in childhood.
The less common thrombotic events in children found to have aPL have mainly
been the subject of individual case reports.

This chapter will review the current state of knowledge of aPL in pediatrics. The
focus of the chapter will be clinical; to date, there is no information to suggest that
aPL in children are immunochemically different from those found in adults.

aPL in Healthy Children

aPL can be found in children without any discernible disease. Such naturally
occurring aPL are usually present in low titer and could be the result of previous
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infections and/or vaccinations, common events in the pediatric populations
[11–13]. A number of studies have addressed the of aPL in healthy children.
Findings have been variable, with results ranging from 2% to 82% of healthy chil-
dren having measurable aPL [12, 14–19]. This wide range may be related to method-
ological issues such as inappropriate study groups, different definitions of cut-off
values, and lack of uniformity in assay methods. Kontiainen et al looked for anticar-
diolipin antibodies (aCL) in 173 children who had minor surgical or psychosomatic
problems and found a surprisingly high frequency of positive aCL (82%). However,
a much lower percentage of these children (5%) had aCL of a moderate-high titer
[45 G phospholipid units (GPL) or higher] [17]. The significance of such a high per-
centage of well children testing positive for low titer aCL is unknown. A similar
study looking at children with functional disorders was performed by Rapizzi et al,
who found positive aCL in 26% of the children in the study group [12]. In contrast,
the other smaller previously mentioned studies have reported quite low frequen-
cies of aCL (under 5%) in healthy children. Avèin et al have examined aPL in a
group of 61 apparently healthy children at regular preventive visits and found aCL
positivity in 11% and anti–β2-glycoprotein I (β2-GPI) in 7%, respectively [13]. In
addition, mean values of IgG and IgM aCL were comparable between different age
groups, while the mean value of IgA aCL was significantly higher in adult blood
donors than in preschool children and adolescents. Moreover, it was found that the
mean value of IgG anti–β2-GPI was highest in preschool children and in this group
it was significantly higher than in adolescents and blood donors. This novel finding
was attributed by the authors to a possible faulty immune response to nutritional
exposure to β2-GPI in infancy. In particular, because β2-GPI molecule has been
remarkably conserved during the evolution of animal species [20], it is possible that
ingestion of bovine β2-GPI found in different milk or meat products could act as an
oral immunization agent and induce transitory production of anti–β2-GPI in
infants, in whom the intestinal mucosa is more permissive for large molecules [21].

LA have also been described in healthy children [11, 22, 23]. They are usually dis-
covered incidentally in pre-operative evaluations of children scheduled for surg-
eries such as tonsillectomy, who present with prolonged activated partial
thromboplastin time (aPTT). In many cases no definite diagnosis is established, and
the aPTT spontaneously corrects to the normal range. In one series, positive LA
were identified in 7% of 61 apparently healthy children (Avèin et al, unpublished
data), and, similarly to previous studies [11, 22, 23], no correlations between LA
and aCL/anti–β2-GPI were observed.

The clinical significance of positive aPL or LA discovered incidentally in children
is unknown. In the study by Male et al [11], 95 children identified in a single pedi-
atric tertiary care center and who were found to have a positive LA were followed
over a 27-year time period. Eighty-four percent of these children had a LA diag-
nosed incidentally, in most cases during pre-operative screening tests, when rou-
tinely coagulation profiles are performed. One of these patients was found to have
SLE. However, in follow up, none of these asymptomatic children developed bleed-
ing, thrombosis, or autoimmune disease. This study suggests that most children
with a LA discovered incidentally during laboratory screening will not have any
clinical manifestations of APS, both at the time of diagnosis and in further follow
up.

Studies of children with aPL that have included healthy controls are summarized
in Table 20.1.
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Clinical Associations of aPL in Childhood

Although the first description of aPL was in patients with SLE, it is well known that
aPL can be found in individuals with a number of other conditions. Infections,
certain medications, and other autoimmune conditions can be associated with the
development of aPL, although not all may be associated with clinical events.

aPL have been described in adult patients with a broad range of infections,
including acute common viral infections (24, 25). Infection-related aPL differ
immunochemically from those seen in patients with autoimmune disease and have
not been associated with the typical clinical features of aPL, such as thrombosis.
Kratz et al [18] studied a group of 88 children with primarily upper airway infec-
tions and found that 30% were positive for aPL . The majority of the aPL identified
were of IgM isotype, as would be expected in an acute infection. In the same study,
20% to 25% of a group of children with a variety of disorders including malignan-
cies and inherited metabolic conditions (but excluding autoimmune diseases) were
also positive for aPL. None of the children with positive aPL and infection, meta-
bolic disease, or other conditions in this study developed thrombosis, consistent
with findings in adult populations. Therefore, it is important for clinicians to
remember that aPL can be found incidentally in children after any common viral
infection [26, 27]. Because most children suffer from frequent viral infections, all
positive aPL titers should be verified on at least 2 occasions, preferably at a time
when the child has not had a recent infection. In one study of children with HIV
infection, 82% of the patients were found to have IgG aCL [28]; these results are
similar to those described in adults with HIV as well. Varicella virus infection has
also been associated with unusual complications linked to aPL, that is, post-vari-
cella purpura fulminans and thromboses [29]. However, healthy children with acute
varicella infection have an increased prevalence of LA, unassociated with thrombo-
sis or other clinical problems [30].

There is some evidence that aPL can be associated with immunizations. Recently,
Blank et al induced the production of anti–β2-GPI antibodies in mice immunized with
Haemophilus influenzae or tetanus toxoid [31]. These antibodies were affinity-purified
from the immunized mice and passively infused intravenously into naïve mice, where
they induced typical APS manifestations. The aPL response to common childhood
immunizations has not been studied so far in humans, but this is certainly a point to
take into account when interpreting test results in recently immunized subjects.

There has been controversy concerning a possible association of aPL and clinical
findings in acute rheumatic fever (ARF). Figueroa et al reported that 80% of their
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Table 20.1. Incidence of antiphospholipid antibodies in healthy children.

Reference No. patients % + aPL (IgG; IgM if available)

Caporali [14] 42 IgG 0%; IgM 5%
Singer [35] 20 IgG 10%
Kratz [18] 20 IgG 0 ; IgM 5%
Kontiainen [17] 173 IgG 82%
Rapizzi [12] 100 IgG 26%; IgM & A 1%
Avcin [13] 61 IgG 11%



patients with active ARF had aCL compared with 40% of those with inactive ARF
[32]. The control subjects in this study, however, were adults. No correlation could
be established between the presence of chorea and aCL positivity. The authors
reported a correlation of carditis and IgM aCL; however, this conclusion was based
on the results from only 6 children with carditis (100% positives for IgM aCL) com-
pared with 8 children without carditis (37% of whom were positive for IgM aCL). A
second study of children with ARF [33] could not substantiate elevated aCL levels in
children with ARF compared with healthy children as controls, and there was no
correlation of aCL with disease activity.

aPL have been associated with a variety of neurological manifestations. Central
nervous system involvement is frequently described in children with both the
primary and secondary APS. The presence of aPL has been examined in several
small groups of children with tic disorders who do not have recognized autoim-
mune disease. Although one study [34] showed the presence of LA and aCL in 4/9
children with Tourette’s syndrome, a larger study done by Singer et al [35] did not
show a significant increase in prevalence of aPL in 21 children tested, compared
with healthy age-matched control subjects. Several investigators have reported that
the prevalence of aPL-associated cerebral ischemia is particularly high in pediatric
populations, ranging from 16% to 76% [36–39]. In view of these data, the screening
of all children with ischemic stroke for aPL seems to be justified.

The association between migraine and aPL in children is not clear [40]. A recent
study has shown that the prevalence of aPL does not appear to be increased in an
unselected group of children with migraine. In this study, the prevalence of aPL,
anti–β2-GPI and LA did not differ significantly between patients with migraine,
tension-type headaches, and healthy children [41]. These data suggest that aPL are
not a significant factor related to migraine in children.

There is recent interesting data suggesting a potential role for aPL in the develop-
ment of childhood seizure disorder in some patients. aPL have been reported in a
case report [42] as well as in a series of children with partial seizures [43]. We have
studied prospectively the presence of aPL in 142 pediatric patients with epilepsy
and found positive aCL in 11%, anti–β2-GPI in 18%, and antiprothrombin antibod-
ies in 20% of patients [44]. In total, nearly 30% of the patients with epilepsy in this
study tested positive for at least one subtype of aPL. A possible role in the pathogen-
esis of some forms of epilepsy can be hypothesized. In fact, microthrombotic
central nervous system damage, or direct interaction of aPL with neuronal cell
membranes could be the basis for development of epileptic seizures. A more recent
study has independently confirmed these findings [45].

The presence of IgG aCL has been shown in 24% of a group of 29 children and
adolescents with insulin-dependant diabetes mellitus [46]. Patients with aCL had a
shorter disease duration than those without aCL; however, there were no other
autoantibodies or specific clinical associations among these patients.

Interesting is the finding by Ambrožič et al of a high prevalence of IgG anti–β2-
GPI in atopic dermatitis of childhood [47], but not in other allergic disorders. These
antibodies did not bind to β2-GPI associated with cardiolipin, and no clinical signs
of APS were present in the patients. Again, an interaction between dietary β2-GPI
and the human immune system was hypothesized.

The prevalence of aPL among children with juvenile idiopathic arthritis (JIA) has
ranged from 8% to 53% in a small number of studies [14–16, 19, 48–50]. However,
there has not been any association of thrombosis or other aPL-related clinical
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events in aPL-positive children with JIA, nor does there appear to be any associa-
tion with JIA type or other characteristics of the disease. There is only one reported
case of a child with JIA who developed a deep vein thrombosis (DVT) and was
found to be positive for LA; however, this child was also immobilized due to a lower
limb fracture and therefore had an additional risk factor for development of DVT
[49]. Therefore, aPL in children with JIA may be an incidental finding. More
recently, aPL have been also studied prospectively in childhood arthritis [51]. The
values of aCL, anti-β2-GPI and LA were prospectively followed in 28 patients from
the beginning of the disease. Thirteen (46.4%) of them were positive for aCL already
at the first referral, but during the follow up the frequency of aCL decreased from
46.4% to 28.6%. For anti–β2-GPI, the difference in the frequency between the chil-
dren with JIA and healthy children was not statistically significant. Serial determi-
nation of aPL levels in JIA patients revealed frequent fluctuations. None of the
patients was persistently positive for LA. Associations between aCL, anti–β2-GPI,
or LA and disease activity could not be established, and no patient with positive
aCL, anti–β2-GPI, or LA showed any clinical feature of APS. The production of aCL
in JIA could therefore be associated with an infectious trigger.

Although aPL are generally considered a risk factor for promoting thrombosis,
hemorrhagic LAs have been described in adults. This association in the pediatric
age has been described by Lee et al [52], and by Becton et al, who reported 6 previ-
ously healthy children with sudden onset of bleeding (epistaxis, hemarthrosis) due
to transient LA (4 also with aCL) and hypoprothrombinemia [53].

Antiphospholipid-associated Clinical Events

The major clinical events associated with aPL are arterial or venous thrombosis,
thrombocytopenia, and recurrent fetal loss. Minor, or less common, clinical events
also associated with aPL include livedo reticularis, migraine, chorea, transverse
myelitis, cardiac valvular abnormalities, Coombs’ positivity, and hemolytic anemia.
Most of these clinical findings have been described in children, although some are
quite rare. Recurrent fetal losses are obviously not a pediatric problem, although
potentially present in teenagers [54]. aPL-associated events have been described in
children of all ages, even some as young as a few months of age.

Thrombosis

Thrombosis, either of arterial or venous vessels, is a central pathogenic phenome-
non leading to a long list of clinical problems that have been related to the presence
of aPL. In contrast to the situation in adulthood, thrombosis in general is a very
uncommon clinical problem in pediatrics. This may be related to fewer general risk
factors for thrombosis, such as advanced atherosclerosis, cigarette smoking, or con-
traceptive usage. Therefore, the finding of elevated aPL in children with thrombotic
conditions suggests that the presence of aPL is one of the most common precipitat-
ing factors for this clinical problem when it occurs in children. Venous and arterial
thromboses have been reported in children. Table 20.2 illustrates specific types of
thrombotic, and in particular neurologic, problems reported in the literature in
children with aPL (excluding those with SLE).
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Venous occlusions due to aPL can occur in any blood vessel. Deep vein thrombo-
sis is the most common venous thrombotic condition reported in children associ-
ated with aPL. In some cases the DVT was accompanied by pulmonary embolism
[57]. Pulmonary hypertension related to microthromboembolic phenomenon is
rare but reported in children [58], and therefore APS should be included in the dif-
ferential of a child presenting with idiopathic pulmonary hypertension. aPL can also
be a precipitant of Budd-Chiari syndrome, the thrombotic occlusion of the inferior
vena cava and hepatic veins. There are a number of reports of children with Budd-
Chiari syndrome who have elevated aPL [59] and it is possible that other children
with this syndrome may have associated aPL but have not yet been tested. One case
of isolated portal vein thrombosis has been reported secondary to APS [60].
Addison’s disease and hypoadrenalism are also known to be caused by infarction of
the adrenal glands due to aPL; this has also been reported in children [58].
Myocardial infarction at a young age should prompt the clinician to search for aPL,
as there have been rare reports of this association in children [61].

Cerebral ischemic stroke is the most common neurologic event reported in asso-
ciation with aPL, and the most common arterial thrombotic condition. Increasingly,
it is becoming clear that a significant proportion of children who suffer from idio-
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Table 20.2. Antiphospholipid associated clinical events in children (not associated with SLE).

Reference No. patients Neurologic events Thrombotic events Additional comments

Bernstein [59] 2 – Iliac vein, DVT, partial Budd-Chiari –
Falcini [61] 1 Chorea Myocardial infarction Thrombocytopenia, 

livedo reticularis
Vlachoyianno-poulous [82] 1 Chorea DVT –
Roddy [55] 1 Infantile stroke – –
Ravelli [56] 1 – SVC thrombosis –
Hasegawa [71] 1 Spinal cord – –

infarction
Schoning [36] 8 Ischemic stroke – –
Toren [34] 19 Ischemic stroke (1) DVT (3) Thrombocytopenia (10)

Tourette’s IgA nephritis (1)
syndrome (3) Vasculitis (1)

Angelini [62] 10 Cerebral ischemia – –
Olson [64] 2 Ischemic stroke – Family + for primary 

APS
Manco-Johnson [93] 14 Ischemic stroke Pulmonary embolism, central –

venous, arterial 
Di Nucci [63] 1 Ischemic stroke – –
Baca [38] 10 Ischemic stroke – –
Von Scheven [58] 5 Ischemic stroke, Pulmonary embolism

chorea Digital ischemia, 
Addison disease

Brady [60] 1 – Portal vein thrombosis –
Nuss [57] 3 – Pulmonary embolism, DVT –
Ohtomo [72] 1 – – Renal thrombotic 

microangiopathy
Male [11] 5 TIA (1) DVT (4) –
Gattorno [16] 14 Cerebral stroke (5) DVT (6), peripheral artery –

occlusion (2), myocardial 
infarction (1)

DVT = deep vein thrombosis; TIA = transient ischemic attack; SVC = superior vena cava



pathic stroke, at any age, have elevated aPL levels [37, 62–64]. Angelini and col-
leagues [62] reported that among an unselected group of 13 children with idiopathic
cerebral ischemia, 76% had moderate-to-high titer aPL. Of great interest is the
finding that 50% of these children had multiple ischemic events. A study by
Schöning et al confirms these findings [36]. These data suggest that aPL in children
may rarely be associated with a condition similar to multi-infarct dementia in
adults [65, 66].

Two large series of idiopathic cerebral venous and sinovenous thrombosis in chil-
dren also have identified aPL as an important risk factor [67, 68]. In children with
sinovenous thrombosis, the frequency of prothrombotic disorders is 12% to 50%,
and the presence of aCL is the most common acquired disorder. In one of these
studies [67], 32% of 123 children who underwent testing for prothrombotic disorders
had at least one abnormality; the presence of aPL was the most common acquired
disorder, with 10 children positive for IgG aCL and the presence of a LA in 4.

In a recent study of 65 unrelated children with ischemic stroke, multiple throm-
bophilia risk factors were studied and compared with 145 controls [39]. About half of
the patients were found to have at least 1 thrombophilia marker, compared with only
25.5% of controls. Protein S, protein C, and antithrombin deficiency, as well as het-
erozygous FII G20210A and homozygous MTHFR 677T status were not statistically
related to stroke. In contrast, the presence of aPL was associated with a greater than 6-
fold risk of stroke [odds ratio (OR) = 6.08; 95% confidence interval (CI), 1.5-24.3], and
the heterozygosity for factor V Leiden increased the risk of stroke by almost 5-fold
(OR = 4.82; 95% CI, 1.4-16.5). Other aPLs may be risk factors for ischemic stroke; for
example, stroke in a 20-month-old boy has been described in the presence of anti–β2-
GPI but with absent aCL and LA [69]. Similarly, Ebeling et al reported 6 children pre-
senting with cerebral ischemic strokes prior to the age of 1 year, who were found to
have elevated IgG antibodies to β2-GPI; 4 of the 6 did not have aCL or LA [70].

There are other less common arterial thrombotic conditions reported in children
with aPL. Renal artery thrombosis, retinal artery thrombosis, and myocardial
infarction have been reported in rare situations in children with high titers of aPL .
Transverse myelitis, seen rarely in children with systemic lupus, appears to be a
possible thrombotic complication of aPL [71]. Renal thrombotic microangiopathy, a
rare finding in adults with APS, has been also described in an adolescent with
primary APS who presented with severe hypertension, renal impairment, and a
history of Raynaud’s phenomenon [72].

Other Clinical Features

Thrombocytopenia is one of the major clinical associations of aPL reported in
adults. Patients with SLE and thrombocytopenia have a high incidence of aPL posi-
tivity, as do those with Evans’ syndrome (hemolytic anemia and thrombocytopenia)
[73]. aPL were found as well in 30% of patients with chronic ITP [74].
Thrombocytopenia has been reported in children with primary APS and in two
thirds of children with SLE and aPL [75, 76]. Toren et al reported thrombocytopenia
in 52% of children with primary APS [77]. Ura et al described a 3-year-old child
with immune thrombocytopenic purpura and aPL who later developed clinical
findings suggesting APS [78].

Hematologic abnormalities other than thrombocytopenia may also occur in
patients who have aPL. Patients with autoimmune hemolytic anemia and Evans’
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syndrome have been reported to have a high frequency of associated aPL. In one
report of 12 SLE patients with aPL and Evans’ syndrome, 2 of the patients had child-
hood-onset SLE [73]. Another recent report [79] described a 14-year-old girl with
Evans’ syndrome, initially manifested as severe menorrhagia, and high titer aPL,
whose severe cytopenias improved with steroids. Interestingly, her thrombocytope-
nia never resolved completely until low-dose aspirin was administered. Gattorno et
al reported 2 adolescent girls presenting with autoimmune hemolytic anemia who
later developed thrombosis and were found to be aPL positive [16].

Chorea, a well-known manifestion of adult APS [80], has been reported in aPL-
positive children as well [81–84]. In the Euro-Phospholipid project [85], chorea was
more prevalent in childhood-onset APS than in adults, with an odds ratio of 17.8.

Among other manifestations, livedo reticularis is also mentioned frequently in
children with APS as a concomitant clinical finding, and optic neuropathy has been
described in primary APS [86]. Finally, catastrophic APS can occur in children and
neonates as well [87–91].

aPL in Childhood-onset SLE

aPL have been reported in a high frequency of adult patients with SLE. Adult
patients with SLE and associated aPL have a high risk of thromboembolic events of
all types, cardiac valvular disease, thrombocytopenia, and other autoimmune
cytopenias. Similarly, studies examining children with SLE have reported finding
aPL in 19% to 87% of patients (Table 20.3). In 9 reported series of aPL in children
with SLE, the mean prevalence rates for aCL and LA were 45% and 22%, respec-
tively. Gedalia et al screened a general pediatric rheumatology population (n = 106)
for presence of aCL, and patients with SLE had the greatest frequency of positivity
(37%) when compared to other diagnoses; however, most of these positive tests
were low levels of IgG aCL, and no clinical complications were seen [92]. In some
cases, a thrombosis associated with aPL has been the presenting sign for the diagno-
sis of SLE [93]. Conclusions from studies of pediatric patients with SLE are limited
by small numbers of patients included and variation in laboratory testing methods
for aPL.

Investigators have attempted to show whether the presence of a positive aPL in
children with SLE is associated with specific clinical events, with varying results. In
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Table 20.3. Antiphospholipid antibodies in pediatric systemic lupus erythematosus (case series).

Reference No. patients % aPL + % aCL + % LA +

Molta [101] 37 38 19 11
Montes de Oca [100] 120 19 – 19
Shergy [99] 32 50 50 –
Gattorno [16] 19 90 79 42
Ravelli [94] 30 87 87 20
Berube [95] 59 – 19 24
Massengill [97] 36 67 50 6
Seaman [75] 29 65 66 62
Gedalia [92] 36 – 37 –
Campos [107] 57 35 33 7
Levy [96] 149 – – 16



looking at thrombosis in pediatric patients with SLE, studies show a wide variation
in incidence, ranging from 7/29 (24%) [75] to 1/30 (3%) [94]. In most studies, there
appears to be a clear association of aPL with thrombotic events. Several studies
suggest that the presence of a LA confers a higher risk for thrombosis than aCL
antibodies [16, 75, 95]. Berube et al [95] showed a significant relationship of a posi-
tive LA test to thrombotic events in children with SLE, with a less significant trend
of relationship of a positive aCL to thrombosis. Levy et al reported a significant
association between thromboembolic events and the presence of LA in a group of
children with SLE [96]. Thromboembolic events occurred in 54% of the children
with SLE who had a positive LA, and 31% of these had recurrent events. However,
Ravelli et al [94] did not find an association of thrombotic events with aPL positivity
in a group of 30 children with SLE, 87% of whom were positive for at least 1 aPL . In
a recent study, Massengill et al [97] studied a group of 36 children with lupus
nephritis, finding 67% positive for aPL and 22% having had a thrombotic event;
however, aPL positivity was not significantly increased among the patients with
thrombosis. The types of thrombotic events reported in these studies and in case
reports include DVTs, ischemic stroke, retinal artery occlusion, renal artery throm-
bosis, pulmonary embolism, transverse myelitis, and superior vena cava thrombosis
[98–104]. These reports should alert clinicians caring for children with SLE to inves-
tigate all patients who present with these clinical findings for the presence of aPL ,
particularly because therapeutic management will be affected if the child is aPL
positive.

The implication of finding a positive aPL in a child with SLE who has not devel-
oped any clinical problem which could be related to the aPL is less clear. Many
physicians are treating such patients with low-dose aspirin. However, most clini-
cians are reluctant to give oral anticoagulation unless a documented thrombosis has
occurred. This is particularly relevant in the pediatric age, where continuous antico-
agulation may be more risky than in adulthood, because of a longer expected lifes-
pan and a higher possibility of traumatic bleeding during sports and play. For this
reason, others would not treat (even with low-dose aspirin), other than in the pres-
ence of concomitant risk factors (e.g., prolonged immobilization). This controver-
sial issue has yet to be resolved with convincing evidence.

Some studies have examined the association of aPL in pediatric SLE patients and
central nervous system (CNS) disease of SLE. Shergy et al [99] reported that the
highest titers of aCL seen among a group of 32 children with SLE were found in
those with CNS disease, although overall there was no significant difference in the
prevalence of aCL in patients with CNS disease and those without. Ravelli et al com-
mented that of 9 patients who developed increasing high titers of IgG aCL during
follow up, 6 had neuropsychiatric manifestations [94]. Although these data are sug-
gestive that children with SLE and aPL, particularly those with high titer aPL, may
be at higher risk of developing aPL-related CNS disease, larger prospective studies
are needed to determine this risk.

In several studies, aPL titers were determined in serial samples over time and
attempts were made to correlate disease activity or treatment with aPL titers. In
every instance, aPL titers were found to fluctuate widely over time in the same
patient [16, 75, 97, 99]. It was unclear from these small studies whether increases of
aPL accompanied active disease. Some patients with aPL who were treated aggres-
sively with cyclophosphamide for their disease activity were found to have
decreased or negative aPL titers after their treatment course [16, 75].
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Recently, there has been the suggestion that lupus headaches may occur more
frequently in children with SLE who have aPL. In a cohort of 63 children with SLE,
followed for a mean of 3.6 years, headaches were reported in 43% of the patients,
and occurred preferentially among patients with elevated levels of aPL (P < 0.02)
[105].

There is also evidence that the presence of aPL may be an important risk factor
predicting poor outcome in children with SLE. In a recent study, Brunner et al have
retrospectively assessed disease activity and damage in 66 patients with newly diag-
nosed childhood-onset SLE [106]. Potential risk factors for damage such as age,
race, sex, medications, duration of disease, hypertension, body mass index, aPL,
kidney disease, and acute thrombocytopenia were collected. The single best predic-
tor of damage was cumulative disease activity over time, but other possibly impor-
tant risk factors were corticosteroid treatment, acute thrombocytopenia, and the
presence of aPL.

Primary APS in Children

The actual prevalence of APS in pediatrics is not known although many of the chil-
dren reported in the literature with aPL-related clinical problems would fulfill these
criteria for the diagnosis of APS. Primary APS may be less common in childhood
than in adults, as most major pediatric rheumatology centers may only follow 1 or 2
such patients. However, although the incidence of thrombosis in children is
significantly less than in adults, the proportion of aPL-related thrombosis in chil-
dren may be higher than previously thought. Manco-Johnson and Nuss identified
LA in 25% of 78 consecutive children who were diagnosed with thromboses in their
institution [93]. Given the likelihood that aPL can precipitate thrombotic event,
special concern is needed particularly when dealing with aPL-positive children who
are heterozygous for a congenital prothrombotic disorder (e.g., deficiencies of
antithrombin, protein C, protein S, or factor V Leiden mutation) and in the
presence of other acquired prothrombotic conditions such as catheters, surgery,
infections, or oral contraception. Von Scheven et al also reported on clinical charac-
teristics of 9 patients with APS, 5 of who had primary APS [58]. Clinical features of
these 5 patients included digital ischemia, stroke, chorea, adrenal insufficiency, and
pulmonary vaso-occlusive disease.

The long-term outcome of primary antiphospholipid syndrome (PAPS) in the
pediatric age was recently studied [109]. Features of unselected patients with PAPS
who had disease onset before the age of 16 years were retrospectively analyzed in
three Italian referral centers. Clinical and laboratory manifestations were assessed
to establish whether, at the end of follow up, the final diagnosis was still PAPS or
whether they had developed definite SLE or lupus-like syndrome. Fourteen patients,
9 boys and 5 girls, were included in this study, with the presenting clinical manifes-
tation of APS between 3 and 13 years of age (median, 9 years) and followed for 2–16
years (median, 6 years). Six patients presented with DVT, 5 with cerebral stroke, 2
with peripheral artery occlusion, and 1 with myocardial infarction. During follow
up, 4 patients had 1 or more recurrences of vascular thrombosis. At last observa-
tion, 10 patients could still be classified as having PAPS, 2 had developed SLE, 1
lupus-like syndrome, and 1 Hodgkin’s lymphoma. These data suggest that some
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children who present with the features of PAPS may progress to develop SLE or
lupus-like syndrome.

Transplacental Passage of aPL and Neonatal Complications

Evidence exists that in pregnant women with APS, aCL can cross the placenta and
be detected in cord blood [110, 111]. However, studies on the outcome of infants
born to mothers with APS have shown that except for prematurity and its potential
associated complications, these neonates had no other clinical manifestations [110,
112–115]. Three of these studies [110, 113, 114] have examined a total of 129 new-
borns born to women with aPL detected during or before pregnancy. No significant
aPL-related clinical pathology was detected in these studies. In one study [114],
mothers were treated with calcium heparin during the pregnancy, and although
there was an increased rate of prematurity, no other problems were seen in these
infants. In the study by Botet et al [113], 33 pregnancies were studied. All the
women were treated with low-dose aspirin, and a higher than expected rate of pre-
maturity was found but no other problems.

These are quite surprising results because it is known that during the first month
of life, the risk of thrombotic complications is approximately 40 times greater than
at any other age during childhood [116]. Furthermore, premature infants are known
to have reduced levels of antithrombin [117], which may additionally increase the
risk of thrombosis. Therefore, one would expect high frequency of neonatal throm-
bosis in infants born to mothers with APS. One possible explanation for this dis-
crepancy may be that the aPL IgG subclasses have a different capacity of crossing
the placenta and that the placental transfer of IgG2, which appears to be responsible
for most clinical pathogenicity of aPL [118], is actually low. Alternatively, it can be
hypothesized that there are some differences in host susceptibility such as intact
vessel wall in the neonates, which do not favor thrombus formation.

In contrast to these encouraging data, there is an increasing number of case
reports describing neonates or infants who have suffered from aPL-associated
thrombosis. Several infants had been reported with aPL-related cerebral ischaemia.
Silver et al [119] described 2 infants with middle cerebral artery infarction whose
mothers had elevated aCL after delivery. They hypothesized that maternal aCL
might have been responsible for intrauterine thromboembolic stroke, but their con-
clusions were invalidated by the delay between delivery and the laboratory exami-
nations. Sheridan-Pereira et al described an infant with aortic thrombus whose
mother had a positive LA [120]. Teyssier et al [121] reported the occurrence of cere-
bral ischemia and bilateral massive adrenal hemorrhage in a neonate who was aCL
positive during the neonatal period and 7 months later. De Klerk et al [122]
described a LA-positive neonate who had middle cerebral artery infarct and was
born to an apparently healthy mother. Contractor et al [123] described a neonate
with thromboses of the renal vein and of the vena cava. The infant and mother were
both positive for IgG aCL, with antibodies disappearing in the infant after 4 months
of age, supporting the transplacental transfer of aCL antibodies in this case.
Recently, neonatal cerebral ischemia with elevated maternal and infant aCL have
been reported in additional cases [124, 125]. Several reports have described neona-
tal APS cases with other complications including aortic thrombosis [126], renal vein
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thrombosis (123), mesenteric thrombosis [127], Blalock-Taussig shunt thrombosis
[128], and a neonatal catastrophic APS with multiple thromboses [89]. Additionally,
Hage et al [129] described a case of hydrops fetalis with fetal renal vein thrombosis
and suggested that transplacentally transferred maternal aPL may induce typical
complications already in the fetus.

It is possible that in aPL-positive infants the clinical complication appears only in
the presence of a second hit (e.g., incannulation of umbilical vessels, genetic predis-
position for thrombosis, etc.).

Treatment of APS and aPL-related Events in Children

The treatment of children with APS or aPL-related events in children has been
similar to that used in adults; however, there are no standard recommendations for
therapy based on long-term observation of the outcome of APS in children.
Currently, we recommend no therapy in asymptomatic individuals who are
identified with aPL or LA and who have no evidence of autoimmune disease, while
long-term oral anticoagulation is suggested for individuals who have had a throm-
bosis associated with positive aPL or LA, whether or not the patient has SLE or any
other autoimmune disease.

Most children receive some form of treatment when they present with an aPL-
associated event, but type and duration of therapy are variable. For example, of 33
case reports of aPL-associated thromboses, 12 received anticoagulation (heparin,
warfarin, or urokinase), 8 aspirin, and 16 immunosuppressives [29]. The differences
in treating adult and pediatric patients with anticoagulants consist in a major bleed-
ing risk during the young age, and also in the different plasma concentrations of
pro- and anticoagulant proteins in different age groups. Therefore, the pediatric
requirements for heparin or warfarin, as well as the side effects of these drugs, differ
between children and adults.

It has been recommended by experts that for a child who has aPL but is asympto-
matic no therapy should be instituted [6]. The study by Male et al would substanti-
ate this approach, as all asymptomatic patients identified with LA in their study
remained well on follow up [11]. Antithrombotic therapy is clearly recommended
for children who present with thrombosis and have aPL and/or LA; however, the
duration and intensity of this therapy is a question. Several authors have suggested
“intermediate intensity anticoagulation therapy” for such patients. The effective-
ness of such therapy and the length of treatment required are unknown. Many clini-
cians are hesitant to recommend long-term aggressive anticoagulation of children
given that the potential risks for hemorrhage in active children may exceed the risk
of recurring thrombosis. A report by Baca et al [38] describing 10 children with
cerebral infarctions in association with aPL provides a picture of the current state of
confusion and lack of consistency in treating such patients. In their study, one child
had a lupus-like disease and was treated with intravenous methylprednisolone and
cyclophosphamide. All aCL-positive patients were treated with low-dose aspirin and
no recurrences of cerebral infarctions or other thromboses were seen over a 15-
month follow up, despite the fact that no patient underwent oral anticoagulation.
However, firm conclusions can be drawn only with a longer follow up. Until large-
scale, multi-center studies are undertaken to determine the natural history of chil-
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dren who have had a thrombosis or clinical problem due to aPL, the necessity for
treatment is unknown and certainly the type and duration of treatment can not be
rationally determined.
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21 Ethnic and Geographic Variation 
in Antiphospholipid Syndrome
Wendell A. Wilson and Elena Cucurull

Introduction

During the past 20 years, studies of antiphospholipid antibodies (aPL) and
antiphospholipid syndrome (APS) have been done in many countries and ethno-
geographic groups. To date, the large majority of these studies reported data on sys-
temic lupus erythematosus (SLE) populations, and this review largely focuses on
the SLE studies. Comparisons among such studies are of interest because they may
help to clarify the causes of APS, analogous to the situation in SLE, in which ethnic
and geographic factors are clearly related to prevalence and severity of the disease.

Anticardiolipin Antibodies (aCL) Frequency in SLE

Routine screening for aPL now occurs in SLE clinics because of the strong experi-
mental and clinical evidence of the procoagulant nature of aPL and the demonstra-
tions that anticoagulation provides effective secondary prophylaxis of thrombosis
or pregnancy loss in patients with aPL. Studies to date have mainly described the
prevalence of aCL among populations of SLE patients and have attempted to esti-
mate the prevalence of secondary APS in SLE, mainly using classification criteria for
APS that predated the 1999 international (Sapporo) criteria [1]. Relatively few
studies listed in Table 21.1 included lupus anticoagulant (LA) in the assay methods
for aPL, probably because tests for LA are more technically demanding and require
platelet-poor plasma. The studies listed in Table 21.1 thus mainly provide a point
prevalence of aCL in various populations.

It is evident from Table 21.1 that aCL occur in all SLE populations studied, but
with highly variable point prevalence. It is likely that assay methods [20] and
patient selection contribute to this variability in prevalence as further discussed
below, but some variations are of interest. IgG aCL prevalence ranged from 2% in
an Afro–Caribbean clinic population to 51% in a report from India. Of even greater
interest was the fact that among Afro–Caribbean (Jamaican) SLE patients, the
prevalence of IgA aCL was relatively high (21%), but it was not clear whether SLE
disease parameters, including disease inactivity, was related to the low frequency of
IgG aCL. In the same study [4], using the same assay methods, IgG aCL was seen
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fairly commonly among African–American and Colombian SLE patients (18% and
21%, respectively). The relative paucity of IgG and IgM aCL in Afro–Caribbean SLE
patients warrants further study. In general, most studies from various countries
report a mixture of aCL isotypes in individual patients, with IgG aCL being the most
common and most closely associated with thromboses and fetal losses. IgA aCL is
rarely present alone, except in Afro–Caribbean SLE patients. In African–American
SLE patients, IgA aCL is also frequent, but often co-exists with other isotypes. In
early studies in the African–American clinic population in New Orleans, we found
that IgG aCL was present in 27% of SLE patients during periods of disease activity,
compared with only 5% of SLE patients during periods of less active SLE [34]. Thus,
disease activity may be an important variable to address in future inter-ethnic
studies. SLE in African–Americans and Afro–Caribbean SLE patients is character-
ized by a generally worse outcome and a higher prevalence of autoantibodies than
in other ethnic or geographic groups, and it would be of interest if aPL are an excep-
tion to this pattern in SLE. In a largely Afro–American obstetric pre-natal clinic
population [22], the prevalence of IgG aCL was 1.25% which approximates the fre-
quency of IgG aCL found in other unselected pre-natal clinic populations [23].

Significance of IgA aCL

It is also of interest that IgA aCL predominated in another Afro–Caribbean clinic
population [24, 25]; these were Jamaican patients with tropical spastic paraparesis
(TSP), a chronic neurologic disease that appears to be due to an autoimmune
response to infection with human T-cell leukemia virus type 1 (HTLV-1). In some
clinical respects, TSP resembles the progressive subset of patients with multiple
sclerosis. IgA aCL occurred in 30% of TSP patients, but its relevance to clinical fea-
tures of TSP has not been studied.

The mechanisms that may underlie the preponderance of IgA aCL in the above
Afro–Caribbean clinic populations, are not known. It is known that HTLV-1 infec-
tion is not associated with SLE in Jamaica [26]. A black South African population of
SLE patients exhibited relatively high frequencies of specific antinuclear antibodies,
similar to previous reports in Jamaican and African–American SLE; however, aCL,
and IgA aCL in particular, was not studied in the South African SLE patients [27].
However, IgA aCL appear to be frequent in some infections among black South
Africans [28]. It is not clear whether the African origin or ancestry of these
populations correlates with the autoantibody profile. Afro–Caribbean and
African–American populations share similar, diverse geographic ancestral origins
mainly in West Africa; in addition, during the post-slavery period, there have been
extensive migrations of Afro–Caribbean peoples to the Americas. However, the
gene pool in black South Africans may be significantly different from that in West
Africa [29]. It would seem likely that methodological, and possibly, environmental
factors underlie the variations that occur in the aCL isotypes among these popula-
tions. Whether IgA aCL might contribute to a more comprehensive identification of
APS in some SLE populations is controversial [21]. Some studies have found no
additional benefit from IgA aCL testing in SLE patients who were screened for IgG
and IgM aCL, whereas some studies in other geographic or ethnic groups suggest
the opposite.



APS in SLE

Most studies that were powered to address this question in Table 21.1 reported an
association of aCL with thromboses and pregnancy loss. The exceptions included a
1991 study from China (Hong Kong) that found a 44% prevalence of IgG aCL and an
11% prevalence of LA [17]. This study did not find an association of aPL with
thromboses or pregnancy loss a surprising finding, in view of the very strong associ-
ation of the presence of LA with these complications.

Whether anti–β2-glycoprotein I (anti–β2-GPI) assays provide additional informa-
tion of clinical or other value is the subject of ongoing study. It is clear that there is
a small population of patients who do not have IgG or IgM aCL but who are positive
for IgG or IgM anti–β2-GPI. Whether IgA anti-β2GPI provides further value is also
controversial. Clarifications of these areas will require inter-laboratory efforts to
standardize anti–β2-GPI assays and to compare them with more conventional aPL
assays [18, 30].

It is clear from the above that the study of the clinical epidemiology of aPL is still
in its infancy. Most studies have reported data on only one ethnic and/or geo-
graphic group, and comparisons between these studies are confounded by method-
ologic variations or patient selection. The publication in 1999 of international
consensus criteria for APS [1] should facilitate future studies. Studies of ethnic
and/or geographic variation in aPL or APS are of interest for the clinical reasons
mentioned above, and also because such variation may provide clues to the genetic
or environmental causes of APS, as has been the case in SLE.

Genetic Factors in aPL and APS

The genetic factors that lead to aPL production are still unclear, though some evi-
dence points to the possible importance of major histocompatibility complex
(MHC) -DQB or -DR alleles in particular [31]. Vascular thromboses and pregnancy
losses have many non-aPL causes, and there is evidence that some risk factors for
these clinical complications have additive effects with other risk factors. A few
studies have addressed the possibility that aPL may interact with genetic risk factors
for thrombosis, for example, factor V Leiden, and the prothrombin gene mutation,
that vary markedly in prevalence among ethnic groups.

APS and SLE are heterogeneous diseases, in which the basic causes may well turn
out to be as heterogeneous as the clinical presentation of these syndromes. In the
case of SLE, there is evidence that a large number of genes contribute to causation,
with some genes having relevance in many ethnic groups (e.g., C4A deficiency
alleles) and others having less general significance across ethnic groups [32]. With
increasing geographic migration and intermingling across geographic and ethnic
groups, such variations in disease parameters will become even more difficult to
interpret relative to the genetic or environmental causes of these diseases. In addi-
tion, in many communities variation in disease parameters that appear to relate to
ethnicity may more closely associate with economic variables or educational oppor-
tunities. There is as yet very little understanding of the ways by which such social
factors affect the biologic mechanisms that influence disease prevalence and
outcome in autoimmune diseases such as SLE.
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Summary

Geographic and ethnic studies of aPL and APS suggest that IgG aCL prevalence may
be lower among Afro–Caribbean (Jamaican) SLE patients, who interestingly have a
high prevalence of IgA aCL. It is not clear whether this is generalizable to other SLE
populations that have African ancestry. Further multi-ethnic studies that are inter-
nally controlled for laboratory methods and SLE disease activity would be useful in
confirming these reports, and exploring their clinical significance.
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22 Antiphospholipid Syndrome: Differential
Diagnosis
Beverley J. Hunt and Paul R. J. Ames

Introduction

Reaching the correct diagnosis is the aim of every physician. This chapter is
designed to ensure that the correct diagnosis is achieved in patients whose differen-
tial diagnosis includes antiphospholipid syndrome (APS). In the past, APS was
often not considered in the differential diagnosis of a thrombotic state, although
this has occurred less frequently as the condition is becoming better known and
understood. Lack of understanding of the assays can result in interpretation
difficulties, particularly if investigators do not appreciate that both lupus anticoagu-
lant (LA) and anticardiolipin antibodies (aCL) are different facets of the same
problem, and that both must be performed to exclude the diagnosis.

If physicians read this particular book, then they will consider APS in the dif-
ferential diagnosis of thrombotic disease, and should be highly skilled at inter-
preting the antiphospholipid (aPL) assays. However, there is a possibility of
“overdiagnosis,” which is as important to avoid as non-recognition, for once a
diagnosis of APS has been made, the management of thrombosis in APS is not
without recognized morbidity and mortality due to bleeding. Thus, in patients
with aPL, it is important to establish from the history, examination, and investi-
gations that the associated clinical features are consistent with APS, that the aPL
assays are reproducible, and that there is no other explanation for the throm-
botic events.

In view of the diverse presentation of APS, we have planned this chapter taking
into account the new international consensus statement on preliminary criteria for
the classification of the APS [1].

Clinical Criteria

Vascular Thrombosis

“One or more clinical episodes of arterial, venous or small vessel thrombosis in any
tissue or organ. Thrombosis must be confirmed by imaging or Doppler studies 
or histopathology, with the exception of superficial venous thrombosis. For
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histopathological confirmation, thrombosis should be present without significant
evidence of inflammation in the vessel wall.”

The Differential Diagnosis of Venous Thrombosis

Any part of the venous circulation may undergo occlusion in APS. Deep and
superficial veins of the lower limbs are most frequently involved, followed by pul-
monary embolism and arm vessels. In these instances, and in subjects who are rela-
tively young (< 45 years), the differential diagnosis rests on laboratory tests aiming
at the identification of congenital or other acquired thrombophilic states. The
current venous thrombophilia screen (1999) is shown in Table 22.1. aPL seems to be
a common etiological factor in venous thrombosis in unusual sites such as the
abdominal circulation. APS has been described as the second most common cause
of Budd-Chiari syndrome [2], after myeloproliferative disorders [3], and thrombo-
sis in other abdominal veins are reported in APS. APS should be included in the
differential diagnosis of cerebral vein thrombosis, because the presence of aPL in
this population ranges from 8% to 55%, and affected patients tend to have younger
age at onset and more extensive involvement than patients with conventional
thrombophilic states [4, 5]. Consideration should be given to the prothrombin
20210 mutation, present in 2% of Caucasians, that also appears to predispose to
thrombosis in the coronary and cerebral venous vessels. The differential effects of
hypercoagulable states in different vascular beds is excellently reviewed by
Rosenberg and Aird [6]. In the ophthalmology setting, aPL have been detected from
5% to 47% of subjects presenting with retinal vein occlusion, alongside other
thrombophilic factors and vasculitis [7–9]. aPL should be included in the differen-
tial diagnosis of thrombotic events causing endocrine abnormalities, such as
Addison’s disease [10–12] and Sheehan’s syndrome (hypopituitarism) [13].
Although the differential diagnosis of venous occlusions often relies on detecting a
thrombophilic state, some clinical features may point towards systemic disorders
with a higher-than-average risk of venous thrombosis. For example, a history of
oral and genital ulceration in a young person with venous thrombosis may suggest
Behcet’s disease, and the presence of peripheral blood eosinophilia could suggest

Table 22.1. Differential diagnosis of venous thromboembolism in antiphospholipid syndrome.

Activated protein C resistance/factor V Leiden (heterozygote and homozygous)

Heterozygous deficiencies of
Antithrombin
Protein C
Protein S
Prothrombin 20210 heterozygous or homozygous states

Increased levels of factor VIII

Myeloproliferative disorders

Dysfibrinogenemia

Very rare
Paroxysmal nocturnal hemoglobinuria

Possible risk factor
Hyperhomocysteinemia
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the hypereosinophilic syndrome, a condition that, like APS, does not spare any vas-
cular bed.

The Differential Diagnosis of Arterial Thrombosis

When compared to the potentially recognized risk factors for venous thrombotic
disease, there are fewer factors to consider in arterial thrombotic disease. All the
other known risk factors for arterial thrombotic disease tend to produce thrombosis
on the background of arteriosclerosis, that is, these patients tend to have recogniz-
able risk factors for atherosclerosis. Evidence is slowly accumulating to support
accelerated atherosclerosis in APS, suggesting that management should include
treatment of conventional risk factors as well as anticoagulation. The risk factors for
arterial thrombosis are summarized in Table 22.2.

Special Arterial Situations

Special consideration should be given to stroke, where up to 18% of young strokes
may have aPL [15]. The neurological manifestations of APS are protean (see Chapter
7). Some patients present with multiple cerebral lesions on magnetic resonance
imaging, consistent with multiple cerebral infarcts. These types of lesions are also
seen in multiple sclerosis and a cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leucoencephalopathy (CADASIL) [16, 17]. CADASIL is a heredi-
tary cause of stroke, migraine with aura, mood disturbances, and dementia. Thus, if
a patient does present with multiple cerebral lesions, a family history of stroke and
dementia should be sought. Post-mortem studies of affected patients show multiple
small deep infarcts in the brain and a diffuse leukoencephalopathy. The vasculopa-
thy leads to median thickening by an eosinophilic, granular, and electron-dense
material of unknown origin. The genetic defect has been mapped to chromosome 19
and can now be detected in the majority of major neuroscience centers.

It may be very difficult to differentiate APS from multiple sclerosis. Clues include
a past history of venous thrombosis and pregnancy loss, suggesting APS, while the
presence of cerebellar lesions on MRI are more suggestive of multiple sclerosis [18].
Both states can produce oligoclonal bands in the cerebrospinal fluid (CSF). Another
differential diagnosis of multiple cerebral lesions can be cerebral vasculitis, and in
such cases the diagnosis may only become apparent on cerebral biopsy.

Catastrophic APS

This syndrome has a number of clinical similarities to heparin-induced thrombocy-
topenia. In heparin-induced thrombocytopenia patients develop thrombosis at any

Table 22.2. Risk factors for arterial thrombosis.

Hypertension
Smoking
Fibrinogen levels
Hyperhomocysteinemia
Hyperlipidemia
Diabetes mellitus
Lipoprotein (a)



site, both arterial, venous, and microvascular (especially the skin). This is due to the
presence of an antibody that binds to the complex of platelet factor 4/heparin [19].
It usually develops within 10–14 days after starting heparin and the first sign is a
falling platelet count. It should be differentiated from a transient thrombocytopae-
nia that occurs in the first few days of heparin therapy, which is probably due to
heparin causing platelet activation and is not associated with any clinically harmful
effects.

The differentiation of aPL related thrombocytopenia from heparin induced
thrombocytopenia would appear almost straightforward, especially from the
history, although the differential diagnosis could be tricky on the laboratory side
when both conditions coexist [20, 21].

Pregnancy Morbidity

(A) One or more unexplained deaths of a morphologically normal fetus at or
beyond the 10th week of gestation, with normal fetal morphology documented
by ultrasound or by direct examination of the fetus, or

(B) One or more premature births of a morphologically normal neonate at or
before the 34th week of gestation because of severe pre-eclampsia or eclampsia
or severe placental insufficiency, or

(C) Three or more unexplained consecutive spontaneous abortions before the 10th
week of gestation, with maternal anatomic or hormonal abnormalities and
paternal and maternal chromosomal causes excluded.

In studies of populations of patients who have more than 1 type of pregnancy
morbidity, investigators are strongly encouraged to stratify groups of subjects
according to A, B, or C above.

In the United Kingdom, pulmonary thrombo-embolism is the leading cause of
maternal death. Deep vein thrombosis underlies this disorder and is frequently
unrecognized. The risk factors for thrombo-embolism in pregnancy remain the
same as those outside of pregnancy: congenital and acquired thrombophilias.

APS has also been identified as a cause of first, second, and third trimester losses
as well as intra-uterine growth restriction and pre-eclampsia. One of the major
advances in the field of thrombophilia in the last few years has been the recognition
that other thrombophilic states also predispose to second and third trimester losses,
as well as intra-uterine growth restriction and pre-eclampsia. A case-control study
revealed that factor V Leiden, the prothrombin 20210 mutation, and homozygous
state for the homocysteine MTHFR mutation C677T were strongly associated with
late pregnancy complications of placental abruption, pre-eclampsia and eclampsia,
and intra-uterine growth restriction in women [22]. Moreover, a recent study has
shown that if women with a previous second or third trimester loss and an inherited
thrombophilia show a marked improvement in fetal outcome in the next pregnancy
if they receive low-molecular-weight heparin throughout the pregnancy [23].

Interestingly, a cohort study following a group of women with factor V Leiden
during pregnancy found its presence was unrelated to adverse pregnancy outcome
apart from an 8-fold increased risk of venous thromboembolism [24]. It is now clear
that aPL are also associated with first trimester losses. It is not clear at the time of
writing whether congenital thrombophilia are associated with first trimester losses.
The answers should be available in the next few years.
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It is important when considering the late pregnancy morbidity associated with
aPL to check that the history concurs with that of placental insufficiency, for in the
Lupus Pregnancy clinic at St Thomas’ Hospital (London) we have a number of
women referred with APS on the basis of pregnancy loss and aPL is an incidental
finding. These women have proved to have pregnancy loss due to other causes such
as premature labor secondary to an incompetent cervix (in these cases the waters
break first, labor supervenes, and the fetus may be born alive of a normal birth
weight). Thus, history taking and obtaining the post-mortem findings in previous
pregnancy losses are very important. In considering the etiology of first trimester
losses it is also important that a gynecologist excludes other relevant causes. It thus
seems imperative to run a joint clinic with an obstetrician and/or obstetric physi-
cian before aPL can be attributed to be the cause of the pregnancy loss.

Hyperhomocysteinemia

This condition deserves a special mention, for it is the only other condition related
to pregnancy loss, arterial thrombosis, and possibly venous thrombosis. High
plasma levels of homocysteine are the result of the interplay between congenital and
environmental factors. There has been a growing interest on mild or moderate
hyperhomocysteinemia as a risk factor for arterial and venous thrombosis.

The most common cause of severe homocysteinemia (fasting plasma levels > 100
µmol/L) is the homozygous deficiency of cystathionine-β-synthase, which has a
prevalence of 1 in 335,000. Affected individuals present with premature vascular
disease and thrombo-embolism as well as ectopic lens, skeletal abnormalities, and
mental retardation [25]. Mild to moderate levels (fasting levels between 15–100
µmol/L) are encountered in phenotypically normal subjects with genetic defects in
metabolism, acquired conditions, or more frequently a combination of the two.
Often, acquired hyperhomocysteinemia may follow deficiencies of folate, cobal-
amin, and pyridoxine [26], essential co-factors for homocysteine metabolism and
may develop in chronic renal insufficiency. Drugs are another important remedial
cause. Drugs such as methotrexate interfere with the metabolism of folate, and
nitrous oxide interferes with the metabolism of cobalamin and theophylline and
affect vitamin B6.

A common genetic defect leading to hyperhomocysteinemia is a C-to-T substitu-
tion at nucleotide 677 in the gene coding for methylenetetrahydrofolate reductase
(MTHFR) [27]. The prevalence of the homozygous C677T mutation is between 5%
to 20% in subjects of Caucasian origin. These individuals tend not to have elevated
plasma levels of homocysteine unless they have an accompanying low serum con-
centration of folate [28]. Case-control and cross-sectional studies indicate that
mild-to-moderate hyperhomocysteinemia is associated with an increased risk of
thrombosis [reviewed in 25]. APS patients with homozygous C667T mutation devel-
oped thrombosis at an earlier age than heterozygous or non-mutated APS patients
[29]. Mild hyperhomocysteinemia appeared also as an independent predictor of
carotid intima-media thickness in primary APS [30]. However prospective studies
do not unequivocally show that hyperhomocysteinemia is associated with an
increased risk of venous thrombosis. Further studies are also required to fully
establish the relationship between homocysteine levels, the C677T MTHFR muta-
tion, and late pregnancy complications. Most importantly however, randomized
placebo-controlled double-blind trials of the effects of homocysteine–lowering
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vitamins are urgently needed. They will help define the relationship between mild-
to-moderate hyperhomocysteinemia and thrombosis and potentially have an
impact on the prevention of thrombosis.

Other Clinical Features of APS

Thrombocytopenia

Thrombocytopenia is a feature in some patients with APS, present in almost 20% of
aPL carriers and probably of autoimmune pathogenesis. Thrombocytopenic bleed-
ing is not frequent in APS, unless there is a coexistent factor deficiency, but pro-
longed bleeding times do occur [31]. Screening for aPL in subjects with
thrombocytopenia of uncertain cause is useful, especially in thrombocytopenia of
pregnancy, where the risks of hemorrhage from thrombocytopenia and thrombosis
and pregnancy morbidity from aPL could jeopardize fetal and maternal outcome.
aPL were detected in 60% of thrombocytopenic HIV subjects addicted to parenteral
drugs [32], but there does not appear to be a relationship with thrombosis: in HIV
aCL have no anti–β2-glycoprotein I effect.

Skin Involvement

Livedo reticularis appears in a number of rheumatic conditions and hyperviscosity
states. The detection of aPL in a subject with livedo reticularis and a stroke may
suggest Sneddon’s syndrome, hence the finding of aPL positively in someone with
isolated livedo reticularis could warrant closer follow up. Likewise, skin necrosis,
skin ulcers, chilblains, and vasculitis have been associated with aPL [33], and may
identify those patients at higher risk of vascular damage. Pyoderma gangrenosum is
frequently associated with systemic diseases but there are cases where aPL was the
only abnormal laboratory finding [34].

The Effect of aPL on Other Thrombophilic Assays

In the presence of aPL, some of the other assays for thrombophilia may cause
false positive results. It is well recognized that functional assays for protein C
and activated protein C resistance may yield falsely low values in the presence of
aPL [35]. Similarly, phospholipid-dependent coagulation assays such as factor
XII assays may produce reduced levels. This has been studied by Jones et al [36],
who found that factor XII antibodies are present in a significant proportion of
LA-positive patients and may lead to an erroneous diagnosis of factor XII
deficiency.

Reduced levels of free protein S are present in some patients with aPL, and thus
could lead to an erroneous diagnosis of genetic protein S deficiency [37, 38]. The
mechanism of this reduction of free protein S is obscure, although this could be
caused by antibodies to protein S itself, or autoantibodies to β2-glycoprotein I with
C4b-binding protein [39, 40].



Conclusions

APS/Hughes syndrome is an increasingly diagnosed condition. This chapter empha-
sizes the need for clinicians to consider the full range of differential diagnoses for
each clinical state, so that the correct diagnosis is reached in an individual patient.
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23 Anticardiolipin Testing
Silvia S. Pierangeli

Introduction

It is well known that patients affected with antiphospholipid syndrome (APS) are
subject to episodes of thrombosis in arteries and/or veins, pregnancy loss (probably
secondary to thrombosis of vessels in the placenta), and thrombocytopenia, associ-
ated with antiphospholipid (aPL) antibodies [1, 2]. aPL antibodies are autoantibod-
ies directed against anionic phospholipids or protein–phospholipid complexes
[3–5], measured in solid-phase immunoassays as anticardiolipin (aCL), or as an
activity which prolongs phospholipid-dependent coagulation assays, the so-called
lupus anticoagulants (LA) [6, 7]. Diagnosis of APS is based on finding a “moderate-
to-high” positive aCL test and/or a LA test with any one of the characteristic clinical
features presented above [2, 8].

The aCL test is important to aid the physician in diagnosis of APS [1, 8].
Although a sensitive test, aCL ELISA tests are positive in a variety of disorders,
including connective tissue diseases, infectious disorders such as syphilis [9, 10], Q
fever, and acquired immune deficiency syndrome (AIDS) [11–13], and some drug
induced disorders [14]. It is generally believed that aCL are clinically significant
only when present in APS; thus, there have been continuous attempts to modify the
assay to make it more specific for APS. In addition, based on an early observation
that patients with high positive IgG aCL tests were more likely to have APS [15], that
ACL are heterogenous and measured using a wide variety of techniques, efforts have
been devoted to quantifying the aCL ELISA test in a standardized manner [16–19].
This chapter will discuss the various techniques used in the diagnosis of APS, a series
of aCL workshops that have been used to validate and improve measurement of aCL,
as well as issues concerning problems and solutions concerning aCL testing. An
overview of new and more specific tests for diagnosis of APS is also discussed.

Historical Background of the Anticardiolipin Test

In 1983, a group of investigators at the Hammersmith Hospital in London, England,
noticed that some patients with systemic lupus erythematosus (SLE) had a rather
uncommon coagulation abnormality called “lupus anticoagulant” [this was due to
the abnormal prolongation of the partial thromboplastin time (PTT)] [20, 21]. The
investigators also established that instead of abnormal bleeding, these patients were
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subject to thrombosis [20]. Soon thereafter, the “lupus anticoagulant (LA) phenom-
enon” was known to be caused by an autoantibody believed to bind phospholipids,
because they inhibited two phospholipid dependent coagulation reactions in the
clotting-cascade – the prothrombin–thrombin conversion and the activation of
factor X activation [22, 23]. In addition, about 25% to 50% of patients with the LA
reaction also had a biological false positive test for syphilis (BFP-STS). Antibodies
responsible for the BFP-STS were known to bind CL, a negatively charged phospho-
lipid. The LA test had some drawbacks: it was a functional assay affected by a
number of variables, including preparation and storage of samples, type of reagent
use, etc. In addition, the test lacked sensitivity and could not be readily standard-
ized. Thus, this group of investigators reasoned that use of a solid phase immunoas-
say with cardiolipin as antigen might be one way of detecting antibodies with LA
activity [6]. They thought that such a test would have the advantages of greater sen-
sitivity, more reproducibility, better quantitation, and the possibility of standard-
ization. The group succeeded in establishing a solid phase radioimmunoassay with
cardiolipin as antigen, and the antibodies were termed anticardiolipin antibodies
(aCL) [6]. Hence, the first aCL test was established in 1983 [6]. The test proved more
sensitive than the LA assay and enabled diagnosis of a much larger number of
patients with APS. Also, the investigators soon noticed that aCL antibodies cross-
reacted with negatively charged phospholipids, such as phosphatidylserine (PS) and
phosphatidylglycerol (PG) [24]. Thus, the name aCL antibodies was changed to aPL
[25]. And the disorder with which these antibodies were associated was called the
antiphospholipid syndrome (APS) [25].

Widespread adoption of the solid phase aCL assay led to several potential prob-
lems. These antibodies were soon reported in several disorders, such as syphilis [9,
10, 26], AIDS [11, 12], connective tissue diseases, as well as in normal individuals
who did not have the features of the disorder. “False” positive tests in the afore-
mentioned conditions could be best explained by the sensitivity of the aCL test.
However, methods of performing the test also varied and results were questionable
in some instances. Fortunately, it was recognized that the majority of the patients
with APS tended to have high aCL antibody levels, usually of the IgG isotype
(however, some patients were only IgM positive) [27]. To ensure that the aCL test
would retain its value in diagnosis APS, it would be necessary to identify antibodies
by isotype and to quantify results using some reliable unit of measurement. There
was also a need to establish which testing methods were valid as well as standard
procedures for performing the solid phase immunoassay. To achieve these goals,
several international standardization workshops were conducted following the first
one in 1986 [16–19, 28].

Tests Used in Diagnosis of APS

The aCL Test

The aCL test was first established in 1983, using cardiolipin as an antigen, a mixture
of gelatin/PBS to dilute patient serum, and radiollabeled anti-human IgG or IgM to
detect bound aCL antibodies. The first aCL assay was a radioimmunoassay [6].
Since the test was first developed, several changes and improvements have been
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made to reduce the background binding, to quantify the results in units and with
respect to incubation times and temperatures [25, 27]. The introduction of adult
bovine or fetal calf serum was found to enhance antibody binding to cardiolipin. In
1990, three separate groups of investigators determined that this increase in signal
probably occurred because of the presence of antibodies specific for β2-glycoprotein
I (β2-GPI) [4, 28, 29]. β2-GPI is a 50 kDa protein present in fetal or bovine serum
that binds negatively charged phospholipids. It is now clear that sera from patients
with APS bind not only negatively charged phospholipids but also other proteins
such as β2-GPI, prothrombin, or protein C alone or in combination with phospho-
lipids [3–5, 31–34].

The aCL test has been widely utilized by physicians since the mid-1980s for diag-
nosing patients with APS. Establishment of this diagnosis has enabled effective man-
agement of patients with recurrent thrombosis or recurrent pregnancy losses. The
aCL test is sensitive and is positive in more than 80% to 90% of patients with the dis-
order. Association of a positive aCL test with clinical manifestations of APS occurs
principally with persistent medium-to-high levels of aCL antibodies and IgG is more
prevalent than IgM [27]. However, there are reports that IgM and occasionally IgA
aCL antibodies are also associated with clinical manifestations of APS [27, 35].

The inter-laboratory agreement is better when the results of the aCL test are
reported by ranges of positivity (i.e., low positive, medium positive, or high posi-
tive) [17]. It is because antibody levels are so important to diagnosis that consider-
able effort has been spent in standardizing test procedures and defining antibody
levels [16–19, 28].

Standardization of the Anticardiolipin Test

Several international workshops and forums have been conducted in an attempt to
standardize the aCL test [15–19, 28]. In the first aCL workshop, the assay methods
that enabled valid measurements of aCL antibody levels were determined [15]. In
addition, units of measurement were defined, and 6 standards were introduced to
assist laboratories worldwide in establishing the aCL assay. The second workshop
demonstrated that semi-quantitative measures of aCL antibody levels enabled the
best agreement between laboratories [16]. The third and fourth workshops sought
to settle controversial issues regarding aCL specificity, but also sought to examine
some of the newly introduced commercial kits [17, 18].

Despite these efforts in standardization, a considerable degree of inter-laboratory
variation still exits [36, 37]. Recently, in a large cooperative study that included 30
European laboratory investigators demonstrated that discrepancies and lack of
inter-laboratory agreement was mainly due to the way laboratories are performing
the test, the way the test is calibrated, and how the results are calculated [28]. The
study also showed that when laboratories utilized the “standard” aCL ELISA, as pre-
viously described elsewhere [38] – what the authors called the “consensus” kit –
and calculated the results in a uniform manner, the agreement between laboratories
was much improved [28]. Together these workshops have demonstrated that inves-
tigators working collaboratively can contribute to improvement of testing methods,
and to greater understanding of scientific issues such as those related to clinical
significance and specificity of aCL antibodies.

National and international organizations are also contributing to the standard-
ization of the aCL test: the College of American Pathologists enrolls certified
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laboratories in quality control surveys for aCL testing and requires participation in
the program for accreditation purposes.

Calibrators for aCL Testing

Ever since the aCL test was first developed there was uncertainty about results. The
test was found to be positive in unexpectedly high percentages of patients with SLE
and other autoimmune disorders, and in patients with a bewildering variety of
other diseases who had neither thrombosis nor pregnancy losses [9–14, 39]. Many
of these “false positive” results occurred in patients with aCL antibody at low levels
[40], whereas patients with features of APS tended to have higher levels. Even in the
first series of patients published, results were ranked according to level of positivity
showed that those with the highest levels were more subjected to thrombotic or
pregnancy related complications [15]. Subsequent studies also showed that the
higher the level of aCL positive the more likely the diagnosis of APS [41, 42].

It was evident then that it would not be sufficient to report aCL tests as merely
positive or negative, but that measurement of aCL levels would provide more
specific diagnosis of APS. To enable valid measurement of aCL levels, a unique
approach was taken. A set of IgG aCL calibrators was prepared by mixing a high
positive IgG serum sample containing a defined antibody concentration and varying
concentrations of normal serum. The value of each of the calibrators could be calcu-
lated based on the proportions of the high positive IgG serum and normal serum in
the mixture. Thus, these calibrators had values independent of any given assay
method. This approach accomplished 3 goals. First, it enabled validation of any aCL
antibody assay technique, because readings, whether obtain by ELISA or any other
method, had to correlate with the calculated calibrator IgG aCL concentration if the
assay technique was valid. Second, aCL levels of unknown samples could be derived
from the calibration curve, no matter the technique used to measure the calibrators
and samples; finally, secondary calibrators could be prepared because their values
could be derived from an IgG calibration curve, utilizing the original calibrators. A
similar approach was used to prepare IgM immediately thereafter and, subse-
quently, IgA calibrators in 1993.

Once the initial IgG and IgM aCL calibrators were prepared, they were sub-
aliquot and distributed to laboratories throughout the world. Each laboratory was
asked to measure aCL antibodies by whatever method they normally used. Results
were returned to a central laboratory. For each laboratory, the readings of the cali-
brators obtained were compared with the calculated calibrator values and the corre-
lation between readings and calculated values were determined [16, 17]. Utilizing
appropriate statistical methods, a determination could be made as to the validity of
the assay. It was this approach that first enabled determination that assays using
fetal or bovine serum in the diluent for patient samples gave more valid results.

Preparation of Secondary Calibrators

It was originally intended that, once the initial calibrators were made and validated,
other laboratories could make secondary calibrators using the initial ones. Because
the first group of calibrators had defined values that covered the full range for the
ELISA assay, they could be used to establish calibration curves for IgG or IgM aCL
and values of secondary calibrators could be derived Although this approach
appeared straightforward it was very difficult for individual laboratories to make
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secondary calibrators reliably because of the tedium of testing dozens of mixtures of
positive and negative sera to select a suitable group of secondary calibrators. It also
proved difficult to get large enough quantities of positive sera.

Because of the difficulty in preparing secondary calibrators, many laboratories
turned to the Antiphospholipid Standardization Laboratory for distribution of cali-
brators. That laboratory has distributed standard calibrators since the late 1980s.
Because of the large demand, three generations of secondary calibrators have been
prepared and distributed. The second generation of calibrators was prepared in
1990 (LAPL GM-001). The third set was prepared in 1997 and was called LAPL-GM-
100. A fourth set was prepared in March 2001 and was named LAPL GM-200. Each
generation used the first group of calibrators for comparison. Each generation of
calibrators was carefully prepared and exhaustively tested in our own and other
well-recognized laboratories. As another means of demonstrating the performance
of these calibrators, results of 6 samples (from the second standardization work-
shop, the so-called “KAPS” standards) were compared using each generation of cal-
ibrators and the results are displayed in Table 23.1 and Table 23.2. It is evident that
there was a good correlation of results.

Monoclonal Anticardiolipin Calibrators

Recently, some laboratories have introduced monoclonal aCL calibrators. When
serially diluted, these calibrators correlate well with the originally prepared stan-
dard calibratrors [43], providing additional evidence that secondary calibrators can
be prepared and validated against the original standard calibrators. These mono-
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Table 23.1. IgG KAPS standards values utilizing each generation of anticardiolipid antibody calibrators.

Calibrator Expected Observed GPL Observed GPL Observed GPL Observed GPL 
GPL units units using “a” units using “b” units using “c” units using “d” 

calibrators (n = 15) calibrators (n = 10) calibrators (n = 22) calibrators (n = 5)

G1 100 88 ± 20.0 103 ± 23.0 102.5 ± 15.0 104.6 ± 20.0
G2 20 17 ± 6.0 20.7 ± 10.0 25.6 ± 8.0 25.0 ± 8.9
G3 10 4.5 ± 3.5 8.4 ± 4.3 9.5 ± 4.0 9.8 ± 3.4

“Expected” values were the calculated values for each calibrator and “observed’ values were the values obtained in a run when calibration
curve was constructed using: “a”: first generation of calibrators; “b”: LAPL-G001; “c”: LAPL-GM100; or “d”: LAPL-GM200. Observed values are
expressed as mean ± SD. 
n = number of runs.

Table 23.2. IgM KAPS standards values utilizing each generation of anticardiolipid antibody calibrators.

Calibrator Expected Observed MPL Observed MPL Observed MPL Observed MPL 
MPL units units using “a” units using “b” units using “c” units using “d” 

calibrators (n = 12) calibrators (n = 10) calibrators (n = 13) calibrators (n = 5)

M1 100 99.8 ± 12.4 88.0 ± 19.0 120.0 ± 23.0 105.4 ± 15.0
M2 20 14.8 ± 4.5 23.0 ± 5.6 35.0 ± 9.0 32.0 ± 7.9
M3 10 4.3 ± 2.7 6.4 ± 4.6 15.0 ± 8.0 15.8 ± 3.4

“Expected” values were the calculated values for each calibrator and “observed’ values were the values obtained in a run when calibration
curve was constructed using: “a”: first generation of calibrators; “b”: LAPL-G001; “c”: LAPL-GM100; or “d”: LAPL-GM200. Observed values are
expressed as mean ± SD. 
n = number of runs.



clonal calibrators bind with different avidities to cardiolipin, phosphatidylserine,
phosphatidic acid, phosphatidylinositol, and β2-GPI, and like most polyclonal aPL
antibodies, they do not bind to phosphatidylcholine.

A monoclonal antibody standard offers the theoretical advantage of being a
single component that can be utilized in perpetuity. On the other hand, issues of its
purity and stability over time and their ability to be stored freeze-dried require res-
olution. The original standard polyclonal calibrators offer the advantage that they
are derived from actual patients, possess the polyspecificity of aPL antibodies, and
may still be useful in standardizing ELISA assays for yet-to-be-determined antigens.
With respect to the last statement, it should be noted that if standards had been
prepared from monoclonal antibodies specific only for cardiolipin and negatively
charged phospholipids, believed to be only antigen in the 1980s, they would have
missed specificity for β2-GPI and other possible protein antigens.

Whatever calibrator is used, it should be emphasized that there is no substitute
for carefully performed assays utilizing validated methods.

Variations of the aCL Assay

Although quantification of aCL levels has been achieved, there exists substantial
inter-assay and, even more so, inter-laboratory variations [36, 37]. In assessing aCL
results, it is important to note that the error range of individual test results is rela-
tively large at all levels of positivity. In addition, above 80 to 90 G phospholipid
(GPL) or MPL units, or below 20 GPL or MPL units, differences in levels cannot be
reliably determined because the correlations between optical density readings and
aCL concentrations are relatively flat. These are features of the ELISA that cannot be
avoided, no matter the care taken in performing the tests.

Any number of variables can contribute to some error and even failure of the
assay. These include type of ELISA plates, differences in substrate and conjugate,
and in other components of the assay [44, 45]. Many of these problems can occur
with any ELISA and are not confined to the aCL test. To further ensure accurate
results, our laboratory uses an in-house control with a defined value and error
limits in addition to use of calibrators to construct a calibration curve. If the value
of the in-house control falls outside of defined limits (often > 1.5–2.0 standard devi-
ations), the run is repeated.

As indicated earlier and because of the difficulty in obtaining precise and repro-
ducible measurement of aCL levels, we recommend reporting the results semi-
quantitatively (high positive, medium positive, low positive, or negative), in
addition to values report quantitatively in GPL, MPL, or APL units for IgG, IgM, or
IgA, respectively [16, 17]. The definition of negative, low, medium, or high is based
on the calibration curve. The low range is taken as between 10 GPL (or MPL) units
and 20 GPL (or MPL units) when the calibration curve is relatively “flat” [44, 45]. At
this range, there is only a small change in optical density (OD) with aCL levels. In
the medium range (20–80 GPL or MPL units), the relationship of OD with changes
in aCL levels is linear and steep. The cut-off between negative and low positive is
taken as 10 GPL or MPL units in our laboratory and represents the 95th percentile
of the normal population. Because there are so many disorders that cause low posi-
tive aCL results, our efforts have concentrated not on the cut-off point, but on the
level that enables best distinction between APS and non-APS patients. This level is
at least above 20 GPL (or MPL units) and even more reliably, above 40 GPL or MPL
units [41, 42].
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As indicated, several retrospective studies support the view that a diagnosis of
APS is more likely with medium-to-high aCL levels. Studies by Levine and Escalante
and their respective colleagues demonstrated that medium and high levels of aCL
antibodies are more significantly correlated with the clinical manifestations of APS
[41, 42]. However, given the likelihood that this is a disease with more than one
autoantibody, and that these autoantibodies may vary in specificity, a low positive
aCL test need not exclude the presence of other pathogenic antibodies. In addition,
there are a few patients with high positive aCL results who do not have any manifes-
tations of APS [40]. In the latter instance these patients may still be at risk for APS
in the future, because thrombosis requires not only high antibody levels but may
require a second vascular event, which may not have occurred as yet in those partic-
ular patients.

Recent reports show an apparent large number of individuals with low-to-moder-
ate titers of aCL antibodies, particularly of the IgM isotype, with no clinical signs of
APS. Physicians are puzzled with respect to the significance of those results. In
order to clarify that questions, we recently carried out a study in which we exam-
ined the prevalence of low positive titers of IgM aCL antibodies in a large number
(Group 1) of healthy individuals (n = 982) and in a group of 159 individuals older
than 60 years of age (Group 2). The possibility of re-defining currently used cut-off
values for IgM aCL tests was also examined. IgM aCL antibodies were tested in 3
ELISA assays: “in-house” aCL [38], BINDAZYMET Anti-IgM Cardiolipin EIA (TBS)
kit (The Binding Site, Birmingham, U.K.), and in the APhL® ELISA Kit (Louisville
APL Diagnostics, Inc., Doraville, GA). The prevalence of low positive results in
Group 1 was 4.7%, 1.5%, and 1.1% in the TBS, aCL, and in the APhL® ELISA Kit and
in Group 2 was 3.8%, 0.6%, and 0.6% in the TBS, aCL, and APhL® ELISA Kit,
respectively. Cut-offs were re-calculated using 95th percentile (11 MPL for TBS, 5
MPL for aCL, and 9 MPL for the APhL® ELISA Kit). The data confirm that the
current cut-offs points of the 3 assays are correct. Up to now, low positive results
have implied clinical positivity. We suggest based on this study that the low positive
range is re-assigned “indeterminate” and recommend that samples falling in this
category should be retested to confirm positivity at a later date.

IgA Anticardiolipin

The value of IgA aCL test in diagnosis of APS is uncertain. Recent studies have
made data on prevalence and significance of IgA aCL antibodies available [46]. It
appears that in patients with SLE, IgA aCL are similar to IgG aCL regarding their
thrombogenicity and requirement of the cofactor β2-GPI for binding to cardiolipin.
In a mouse model designed to study thrombus formation, injected IgA
immunoglobulins from patients with APS were shown to cause thrombosis and the
mean thrombus size using 2 different IgA immunoglobulin preparations were
found to be significantly larger compared to control IgA [35].

In an early study, Gharavi and colleagues found that, although IgA aCL antibod-
ies were present in 51% to 55% patients with APS, most were also IgG or IgM posi-
tive, suggesting that measurement of IgA aCL would add little to IgG and IgM
determination [27]. In unselected patients with SLE, the prevalence of increased
titers of IgA aCL has been reported to vary from 1% to 44%. The lowest reported
frequency was that found by Selva O’Callahan et al, who detected IgG aCL in only 2
of their 200 patients with SLE [47]. Higher prevalences were reported in the 2 largest
SLE patient cohort studies to date. In a recent European study, where the IgG, IgM,
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and IgA isotypes were estimated in 577 SLE patients, IgA aCL positive was found in
13.9% of the patients [48]. Alarcon-Segovia et al, in a study that included 500
patients with SLE, found that increased titers of IgA aCL in 16.6% of their patients
[49]. In another study Spadaro et al found that IgA aCL was positive in 13 (20%) of
their 65 SLE patients [50]. In contrast, Weidman et al, found IgA aCL to be positive
in 44% of 92 SLE patients, and also found IgA to be the most frequent aCL isotype
[51]. The reported frequency for raised IgA aCL was higher (52.5%) in an earlier
study by Faghiri et al, where patients were pre-selected for being IgG or IgM aCL
positive and/or having APS associated clinical complications [52]. A prevalence of
83.3% was reported by Lopez et al in a group of patients with SLE and thrombocy-
topenia [53].

The ethnic group composition of patients can influence the isotype distribution
of aCL. Molina et al studied African–American, Afro–Caribbean, and Hispanic
patients with SLE and found elevated levels of IgA aCL in 16%, 21%, and 14% of
them, respectively [54]. The most important finding was that IgA aCL was the only
aCL isotype present in 82% of aCL-positive Afro–Caribbean patients. In contrast,
IgA aCL was found to be positive only in 4.4% of Chinese patients with SLE [55]. In
our experience, positive IgA aCL antibodies in the absence of IgG and/or IgM aCL
are very rare in APS patients with or without SLE.

Numerous studies have investigated possible associations between raised levels
of aCL and the clinical manifestations of the APS attributed to these autoanti-
bodies. Several of these studies reported a significant association for IgA aCL with
1 or more of the main clinical manifestations of APS. Cucurul et al, studying 
both aCL and anti–β2-GPI antibodies in African–American patients with SLE,
found an association between thrombotic events and raised levels of both these
autoantibodies [56]. However, the number of their patients with thrombotic
events was very small; only 5% of their 100 patients had documented evidence of
thrombosis [56]. An association between raised IgA aCL levels and thrombocy-
topenia in patients with SLE or other collagen vascular diseases has also been
reported [57]. Finally, an association between IgA aCL and recurrent fetal loss
and with unexplained spontaneous abortions has been shown in women with SLE
[58, 59].

In summary, IgA aCL antibodies appear to be similar to IgG aCL in terms of
thrombogenicity and cofactor requirement. Controversies reported regarding their
prevalence and clinical associations still exist, perhaps due to use of nonstandard
zed assays and from difference in the design of the studies.

Testing for Antibodies to Other Phospholipids

Early in the development of aCL immunoassays, it was observed that most APS-
associated aCL appeared to be broadly cross-reactive with other anionic phospho-
lipids, for example, phosphatidylserine, phosphatidylinositol, phosphatidic acid,
and phosphatidylglycerol [24]. Although most aCL-positive APS patient sera react
in assays using other anionic phospholipids, aCL-positive sera from patients with
infectious diseases, such as syphilis, do not [26]. These infection-associated anti-
bodies are specific for cardiolipin and do not recognize phosphatidylserine or other
anionic phospholipids [26].

In the absence of a positive aCL or LA test, an association between positivity on 1
or more ELISAs utilizing phosphatidylserine, phosphatidylinositol, phosphatidyl-
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glycerol, or phosphatidic acid and the clinical manifestations of APS is not well
established. The use of those phospholipids antigens to coat the ELISA plates has
been reported for the detection of aPL antibodies and a number of laboratories
include these tests inn their test panel assays [60–72]. In addition, some reports
have indicated that APS patients may have antibodies to Zwitterionic phospholipids
such as phosphatidylethanolamine (PE) [64–70]. Toschi and colleagues observed
that reactivity to non-cardiolipin anionic phospholipids assays was associated with
thrombosis and stroke [62]. The largest studies evaluating panels of non-cardiolipin
anionic phospholipids have been conducted with obstetric patients. Yetman and
Kutteh found that 10% women with recurrent pregnancy loss were negative in the
aCL assay but tested positive in other phospholipid assays, including both anionic
phospholipids and phosphatidylethanolamine [63]. Aoki et al compared β2-
GPI–dependent aCL ELISA with a panel of phospholipids assays in a large group of
women with reproductive failure [72]. The aCL assay was more frequently positive
in patients than controls, whereas no difference between patients and controls was
observed with any of the other assays alone [72].

In light of those published observations, it may be argued that ELISAs using
phosphatidylserine or one of the other anionic phospholipids would be preferable
to aCL ELISA in evaluating patients for APS. However, the generally good correla-
tion among ELISAs using different anionic phospholipids with aCL has lead many
investigators to conclude that the aCL assay, along with LA testing, are adequate
for evaluation of APS [8]. Routine testing of patient samples against panels of other
anionic phospholipids is expensive and usually provides little additional clinical
information [73]. Furthermore, the value of these tests is still uncertain because no
standardized procedure has been established and specific reference material for
each aPL assay is not available. Accordingly, it is difficult at best to make a valid
clinical decision based on an isolated positive result in one of these assays. Some
problems and adopted means of calculating the data have been addressed by incor-
porating a positive control in the run and stopping the color reaction when the
absorbance of the positive control sample reaches approximately 1.0 OD units. A
ratio between the OD of the patient sample and the positive control is calculated
and values are then reported as negative, low, medium, or high positive depending
on the value of the calculated ratio [60]. As mentioned, several international stan-
dardization workshops have served to improve the performance and inter-labora-
tory reproducibility of aCL ELISAs, but there have not been similar efforts focused
on assays using other anionic phospholipids.

The Lupus Anticoagulant

The LA test is less frequently positive in APS and is regarded as a more specific test
for detection of aPL [74]. This specificity derives from the fact that the LA reaction
is found much less frequently in non-APS disorders. The LA test measures the
ability of aPL autoantibodies to prolong phospholipid dependent clotting reactions.
Although aPL antibodies detected in aCL and LA tests are specific for phospho-
lipids, phospholipids binding proteins, or a complex of these molecules, the 2 tests
(aCL and LA) do not necessarily identify the same antibodies [75]. Furthermore,
although the majority of the patients with APS had positive aCL and LA tests,
approximately 10% to 16% of them are positive for LA and negative for aCL, and
25% are positive for aCL and negative for LA.
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More Specific Tests for APS

Although a sensitive test, one of the major drawbacks of this test is that it may be
positive in a number of disorders other than APS. aCL antibodies have been
reported in numerous infectious diseases including syphilis, HIV, hepatitis C, Q
fever, tuberculosis, parvovirus B19 infections, cytomegalovirus, or drug induced
[9–14, 76–79]. However, because patients with APS usually have higher aCL levels
[15, 41, 42], greater specificity in diagnosis has been enabled by the use of higher
cut-off points. Alternatively, recently new assays that utilize phosphatidylserine
[71], mixture of negatively charged phospholipids (APhL® ELISA Kit) [80, 81], or β2-
GPI [82–93] have been proposed for a more specific measurement of antibodies
present in APS. Some reports now suggest that both the aCL and a more specific test
(anti-phosphatidylserine, APhL® ELISA, or anti–β2-GPI, be run in patients sus-
pected of having APS [94].

For more confident diagnosis of APS, more specific tests are required that are
also sensitive. Three antigen preparations are likely candidates. The first and most
extensively studied is β2-GPI [82–93]. The second and third are the APhL® phos-
pholipid mixture utilized as the antigen in APhL® ELISA Kit [80, 81] and phos-
phatidylserine that is used also in several commercial assays [71].

Current studies show that β2-GPI, particularly when coated on oxidized or “high-
binding” polystyrene ELISA plates, is a relatively specific antigen for autoantibodies
present in APS patients [82, 83]. Anti–β2-GPI antibodies have been reported to be
associated primarily with thrombosis in patients with APS [86, 87, 90], but studies
have also shown these antibodies in patients with pregnancy loss and other mani-
festations of APS [84, 87, 89, 91–93].

Various methods have been reported for the detection of anti β2-GPI antibodies
[82–85, 87, 88], but only one study reported the adoption of units of measurement
for the detection of these antibodies and establishment of ranges of positivity, cut-
off levels, and intra- and inter-assay variations [88]. Studies from several laborato-
ries suggest that the sensitivity of the anti–β2-GPI test for APS vary from 40% to
90% [82–93].

The second antigen is the APhL® phospholipid mixture prepared as a kit by
Louisville APL Diagnostics, Inc. (the APhL® ELISA Kit). The author of this review
was directly involved in developing both the antigen and the kit, and any evaluation
of data presented in this report must be mindful of this fact. The APhL® phospho-
lipid mixture was determined on the basis of testing of aCL-positive sera from a
large number of patients with or without APS. Negatively charged phospholipids
were tested singly and as mixtures to determine which would best distinguish APS
sera from aCL-positive non-APS samples. A mixture of phospholipids was
identified that enabled such distinction, while retaining sensitivity for detection of
APS. Four published studies have examined this antigen [80, 81, 85, 96]. The largest
enrolled 438 patients with various connective tissue diseases, 33 patients with APS,
and 200 healthy controls, who were examined using the aCL bench assay and the
APhL® ELISA Kit [81]. The sera were prepared and labeled in one center and tested
blind in another laboratory; results were analyzed in the center where the samples
were labeled. In that study, all patients with APS were positive for aCL antibodies
and 30/33 were positive utilizing the APhL® ELISA Kit (90.9% sensitivity). In
patients without APS, 45/438 were aCL positive but only 9 of 438 sera were positive
in the APhL® ELISA Kit (99.5% specific). These data suggest that the APhL®ELISA
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Kit may be a sensitive and relatively specific means of identifying patients with APS
[81].

In our experience, we have tested 54 APS samples in the aCL ELISA, the APhL®
ELISA Kit, and in the anti–β2-GPI ELISA. The sensitivity for the anti–β2-GPI assay
was 74% (Table 23.3). The specificity of the anti–β2-GP1 varies among groups of
investigators and publications [82–93], depending on the selection patient sera and
the technique utilized. In a series of experiments performed by our group, in 184
samples from non-APS patients who had syphilis or other autoimmune disorders. 18
out of 184 samples were positive, yielding a specificity of 82% (Table 23.4). In general,
most investigators agree that the anti–β2-GPI test is more specific than the aCL ELISA
for diagnosis of APS. In the same series of experiments the kit that utilizes the APhL®

phospholipid mixture was shown to be 98% sensitive and 99% specific. In a most
recent study, 69 samples from patients with syphilis, 30 with leishmaniasis (kala-
azar), and 33 with leptospirosis were tested in the aCL ELISA, the anti–β2-GPI ELISA,
and in the APhL®ELISA Kit [95]. The results showed that the APhL® ELISA Kit was
96.3%, compared to the aCL ELISA. Interestingly, 36 samples out of the 132 samples
tested in this study were also positive in the anti–β2-GPI ELISA (specificity 70%). This
relatively high incidence of anti–β2-GPI antibodies in this group of infectious diseases
sera is not understood and will need further investigation [95, 97].

Finally, there have been increasing number of reports from some various centers
suggesting that patients with APS have antibodies that bind proteins other than β2-
GPI in recently developed ELISA tests. These include prothrombin (98, 99), protein
C, protein S [100], and annexins. Reports showing the diagnostic value of these
assays are still controversial. Determination of the value of ELISA tests utilizing
protein antigens other than β2-GPI will require validation and standardardization of
the techniques and testing large numbers of sera from patients with APS as well as
with other disorders to determine their diagnostic and predictive values.
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Table 23.3. Clinical sensitivity of two antiphospholipid assays and one anti–β2-glycoprotein I assay.

Assay No. APS samples that tested positive / Sensitivity
total no. APS samples tested

aCL ELISA 54/54 100%
APhL® ELISA 53/54 98%
Anti–β2-GPI 40/54 74%

Positive sample considered when above the cut-off point for each assay. Sensitivity for a given assay was calculated as follows: (# of samples
that tested positive/# of samples tested ) × 100.
aCL ELISA = anticardiolipin ELISA; APhL® ELISA Kit (Louisville APL Diagnostics, Inc.); anti–β2-GPI (QUANTA LITE β2GPI INOVA Diagnostics, Inc.).

Table 23.4. Clinical specificity of two antiphospholipid assays and one anti–β2-glycoprotein I assay.

Assay No. of non-APS samples that tested positive / Specificity
total no. APS samples tested

aCL ELISA 74/84 60%
AphL® ELISA 1/184 99.9%
Anti–β2-GPI 18/84 82%

Positive sample considered when above the cut-off point for each assay. Specificity for a given assay was calculated as follows: (# of non-APS
samples that tested positive/# of samples tested) × 100.
aCL ELISA = anticardiolipin ELISA; APhL® ELISA Kit (Louisville APL Diagnostics, Inc.); anti–β2-GPI (QUANTA LITE β2GPI INOVA Diagnostics, Inc.)



What Test(s) Should Be Used for Diagnosis of APS?

Correct identification of patients with APS is important because prophylactic anti-
coagulant therapy can prevent thrombosis from recurring, and treatment of
affected women during pregnancy can result in live births. Because there are many
causes of thrombosis and of pregnancy loss, the confirmation of diagnosis of APS is
dependent in finding a positive antiphospholipid antibody or LA test. The LA and
aCL tests are generally accepted confirmatory tests for APS. Recently, a forum of
antiphospholipid experts gathered at a special session during the 8th International
Symposium on aPL agreed that these 2 tests should be used primarily in the diagno-
sis of APS [8]. In summary, a diagnosis of APS can be made with confidence in
patients who present with well-documented clinical features (venous or arterial
thrombosis and/or pregnancy loss) characteristic of APS, and a moderate-to-high
positive IgG aCL (above 40 GPL units) or LA test. However, there are a number of
situations in which the anti–β2-GPI of the APhL® ELISA Kit might be utilized to
confirm diagnosis of the APS. These include:

• Patients with venous or arterial thrombosis or with pregnancy loss who are low
positive for IgG aCL, or only IgM or IgA aCL positive.

• Patients presenting with equivocal features of APS [94]. Additional examples
include patients with idiopathic thrombocytopenia; thrombophlebitis, athero-
sclerosis, first trimester pregnancy losses, or instances in which venous or arter-
ial thrombosis or recurrent pregnancy loss may be attributable to factor other
than APS.

• Unusual presentations of APS include chorea, transverse myelopathy, livedo
reticularis, leg ulcers, or cardiac valvular lesions presenting in the absence of
pregnancy loss or thrombosis.

• Patients with clinical features that are very suggestive of APS but are aCL and LA
negative.

Summary

The first aCL test was developed in 1983 and subsequently standardized. Although
in the last 6 to 7 years new and more specific tests have become available, the aCL
ELISA and the LA tests are still the first choice to be used in diagnosis of APS. While
there is now doubt that the aCL test is useful in the diagnosis of APS, limitations of
the assay have caused uncertainty and misinterpretation of the value of the test.
Utilization of validated ELISA kits with well-tested calibrators and an in-house stan-
dard may enable more reproducible measurements. Reporting results semi-quanti-
tatively preserves the clinical use of the test without the misinterpretation of a
quantitative result that may lack precision, The development of newer tests, such as
the β2-GPI ELISA and the APhL® ELISA Kit utilizing the phospholipid mixture, gives
promise to a more specific and reliable diagnosis of APS while retaining good sensi-
tivity. Other tests such as ELISA for prothrombin antibodies and annexin V anti-
bodies are still under development and will require standardization and extensive
evaluation.
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Introduction

Antiphospholipid syndrome (APS) is defined as the association of antiphospholipid
antibodies (aPL) with arterial or venous thrombosis, recurrent foetal loss, thrombo-
cytopenia, or neurological disorders [1–3]. The gradual development of the notion
APS started in the 1950ss with the recognition of two laboratory curiosities in a
subset of patients with systemic lupus erythematosus (SLE). In these patients,
rheumatologists frequently found a chronic biological false positive test for syphilis,
whereas hematologists described a non-specific coagulation inhibitor manifested by
prolongation of the whole blood clotting time and the prothrombin time, without
reduction of any specific clotting factor then measurable [1–3]. The non-specific
coagulation inhibitor which appeared not to be associated with a bleeding tendency
was named the “lupus anticoagulant” by Feinstein and Rapaport [4] and was
regarded as a laboratory curiosity until Bowie et al [5] drew the attention to the
high prevalence of thrombotic complications in SLE patients with this “anticoagu-
lant.” The LA was later also found to be associated with obstetric complications and
thrombocytopenia [6].

Only in the 1980s did it became clear that antibodies interacting with anionic
phospholipids are responsible for the in vitro LA effect and the chronic biological
false positive syphilis serology [7]. This led to the development of better-defined
LA tests and the so-called anticardiolipin test in which antibodies binding to solid
phase cardiolipin (aCL) are measured [8, 9]. With these improved assays, the
majority of SLE patients with a LA also had elevated aCL levels and a statistically
significant relation between these 2 types of aPL was observed. It is now well
established that persistently present aCL and LA in patients with SLE are associ-
ated with thrombosis and pregnancy morbidity [10]. This association is now
termed APS [11]. Some patients with similar clinical symptoms and laboratory
findings but not suffering from SLE or a closely related autoimmune disease are
diagnosed as having a “primary APS” [12]. The availability of a sensitive assay for
aCL has been crucial for the further characterization of aPL. Affinity purification
of aCL led to the discovery that, in contrast to what the term aPL suggests, aCL do
not bind to cardiolipin per se but to β2-glycoprotein I bound to anionic phospho-
lipid surfaces [13–15].
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Antigenic Targets of aPL

Soon after the discovery that β2-glycoprotein I was involved in the binding of aCL to
cardiolipin, it was reported that a subpopulation of aCL possesses LA activity and
that certain LAs are directed against prothrombin. It was also reported that aCL
bind to β2-glycoprotein I even in the absence of PL [16]. The affinity of the interac-
tion of these antibodies with fluid phase β2-glycoprotein I is, however, low. It is now
generally accepted that autoimmune aPL have in common that they are directed
against proteins with affinity for PL or negatively charged surfaces. The main anti-
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Figure 24.1. Structure of human β2-glycoprotein I based on amino acid sequence, disulphide mapping, and crys-
tallographic data. The five repeating sushi domains are indicated with roman numbers. CHO denotes N-linked
glycosylation sites, 1 denotes amino terminal end, and 326 denotes carboxyterminal end. The hydrophobic flex-
ible loop Ser311–Lys317 is indicated by arrow A; the positively charged amino acids interacting with the anionic
phospholipid headgroups are marked in grey. Arrow B indicates the plasmin sensitive cleavage site at position
Lys317–Thr318.



gens are β2-glycoprotein I and prothrombin, although a number of autoantibodies
recognizing other PL binding proteins, like protein C, protein S, annexin V, comple-
ment factor H, high- and low-molecular-weight kininogen, prekallikrein, factor XI,
tissue factor pathway inhibitor (TFPI), factor VII/VIIa, etc., have been found in sera
of patients with APS [17–19].

Relevant Structures of β2-Glycoprotein I and Prothrombin

β2-glycoprotein I (apolipoprotein H) is mainly synthesized by hepatocytes and to a
lesser extent by endothelial cells and placental cells [20]; its plasma concentration is
approximately 3 µmol/L. β2-glycoprotein I consists of a single polypeptide chain of
326 amino acids and is composed of 5 homologous domains of approximately 60
amino acids, designated short consensus repeats/complement control protein
repeats, or “sushi” domains [21, 22]. These are designated as domain I to domain V,
from the N terminus to the C terminus (Fig. 24.1). Domains III and IV are heavily
glycosylated. Domain V contains a 6-residue insertion and a 19-residue C-terminal
tail resulting in a C-terminal loop consisting of 20 amino acids cross-linked by an
additional disulfide bond [22]. The crystal structure of β2-glycoprotein I has been
defined [23, 24]. The overall shape is that of an elongated fishhook, domain V being
at right angle to the aligned first 4 domains, and making contact with the phospho-
lipid surface. A hydrophobic core consisting of 6 amino acids (Ser311–Lys317)
would penetrate deep within the phospholipid bilayer; it is surrounded by 14 posi-
tively charged residues, which stabilize the binding to phospholipids via electrosta-
tic interactions with the anionic phospholipid head groups. β2-glycoprotein I is
sensitive to cleavage by plasmin between Lys 317 and Thr318 [25]. The cleaved form
binds much less avidly to negatively charged phospholipids. Binding of β2-glyco-
protein I to phospholipid does not involve calcium ions.

Prothrombin is a 579 amino acid long single chain glycoprotein, whose plasma
concentration is approximately 1.5 µmol/L. Prothrombin is built up by an amino
terminal GLA domain, in which the 10 γ-carboxyglutamic acid residues are concen-
trated and through which prothrombin binds to negatively charged phospholipid in
the presence of Ca2+ ions [26]. Two kringle domains, K1 and K2, and a serine pro-
tease domain follow the GLA domain [see Fig. 24.2(A)]. The two kringle domains
contain a highly conserved pentapeptide CRNPD, shared by all kringle proteases.
Prothrombin contains 2 cleavage sites for factor Xa and 2 cleavage sites for throm-
bin, respectively, located at positions 271 and 320 and positions 155 and 284.
Prothrombinase-catalyzed activation of prothrombin occurs by factor Xa mediated
consecutive cleavages at positions 320 and 271, resulting in the generation of
meizothrombin, prothrombin fragment 1+2, and α thrombin. This is followed by
thrombin cleavage at position 155 giving rise to prothrombin fragment 1 and pro-
thrombin fragment 2. Depending on the enzyme and the conditions used, pro-
thrombin can be degraded into various fragments [see Fig. 24.2(B)] that may be
used for epitope mapping.

The plasma concentrations of β2-glycoprotein I and prothrombin are remarkably
similar. As will be discussed later, the LA phenomenon depends on surface occu-
pancy. Presumably, micro-molar concentrations of the phospholipid binding pro-
teins are required to allow adequate surface coverage.
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Figure 24.2. Panel (A) shows a simplified structure of prothrombin. The amino terminal GLA domain is followed
by two kringle domains and a catalytic domain, stabilized by an internal disulphide bridge. The cleavage sites for
thrombin (IIa) and activated factor X (Xa) are indicated. Panel (B) gives the prothrombin fragments that may be
formed after digestion by thrombin or activated factor X.



Anticoagulant Mechanism of LA in vitro

The in vitro anticoagulant effect of LA was originally explained by the assumption
that these antibodies compete with clotting factors for anionic phospholipids acting
as catalytic surface for coagulation reactions. With the discovery of β2-glycoprotein
I and prothrombin as cofactors for aPL, the question rose how antibodies may
enhance the binding of these proteins to phospholipids. This question has been
addressed first for so-called β2-glycoprotein I–dependent lupus anticoagulants. A
few characteristics of the antibody β2-glycoprotein I–phospholipid interaction
should be noted. β2-glycoprotein I, although binding with high affinity to pure neg-
atively charged phospholipids such as cardiolipin and phosphatidylserine, has only
a weak affinity for physiological procoagulant phospholipids [27], explaining why
this protein is at most a poor anticoagulant. To become anticoagulant, the complex
of β2-glycoprotein I and patient anti–β2-glycoprotein I antibody should have a
higher affinity for phospholipid than that of β2-glycoprotein I alone. However,
patient anti–β2-glycoprotein I antibodies by themselves only have a relatively weak
affinity for β2-glycoprotein I. This makes a scenario unlikely, where antibody
binding causes a conformational change in β2-glycoprotein I that favors phospho-
lipid binding. A second possible scenario is much more plausible (see Fig. 24.3).
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Figure 24.3. LA-positive aPL form stable bivalent immune complexes on PL surfaces. The affinity of the bivalent
immune complex for coagulation active PL surfaces is higher than that of the monomeric PL-binding protein
such as β2-glycoprotein I (β2-GPI) or prothrombin (FII) alone.



Indeed, it has been shown that in the presence of a physiologic procoagulant phos-
pholipid surface, some anti–β2-glycoprotein I IgGs cross-link 2 phospholipid-bound
β2-glycoprotein I molecules and thereby attach these with high affinity to the
surface [28–30]. The surface occupancy by bivalent complexes impedes the clotting
reaction and accounts for the LA phenomenon.

Studying a series of murine monoclonal antibodies against human β2-glycopro-
tein I, it became apparent that several antibodies, although detected in the aCL
assay, did not affect phospholipid dependent clotting tests [30]. Apparently, only
LA-positive anti–β2-glycoprotein I antibodies cross-link 2 β2-glycoprotein I mole-
cules in such a way that both β2-glycoprotein I molecules of the bivalent complex
can interact efficiently with the phospholipid surface. Because the affinity increases
with the number of available binding sites, these particular bivalent complexes have
a significantly higher affinity for coagulation active phospholipids than β2-glyco-
protein I alone and remain attached on the surface. This then explains the observa-
tion that a significant proportion of patients have antibody binding to immobilized
β2-glycoprotein I (a positive anti-cardiolipin assay), yet lack LA activity in their
plasma [31]. Autoimmune anti–β2-glycoprotein I antibodies are indeed a heteroge-
neous group of antibodies. Patients further often have polyclonal antibodies with
different specificities. It was therefore not surprising that studies on the domain-
specific location of the epitopes recognized by these antibodies showed binding to
various domains of β2-glycoprotein I , mainly V, IV, and I [32–34]. However, certain
groups claimed that a dominant epitope was located on domain IV [33] while others
provided evidence for a dominant epitope on domain I [34,35]. It recently became
clear that this discrepancy is due to the orientation of β2-glycoprotein I on the dif-
ferent micro-titer plates used for binding studies and that the majority of anti–β2-
glycoprotein I antibodies bind to domain I [36]. Clear discrimination at the epitope
level between LA-positive and -negative anti–β2-glycoprotein I antibodies has not
yet been reported.

In the same manner, only a proportion of prothrombin dependent aPL show LA
activity [37]. Some autoimmune antibodies to prothrombin can markedly enhance
binding of prothrombin to negatively charged phospholipid [38, 39], again likely
via the formation of bivalent prothrombin antibody complexes [40].

The epitopes recognized by autoimmune antiprothrombin antibodies have not
yet been fully characterized. Binding to prethrombin 1, fragment 1+2, and fragment
1 has been reported [38, 41, 42]. Antibodies recognizing prethrombin 1 are likely to
be directed against a conformational epitope on kringle 2 because binding usually
disappears under reducing conditions and because binding to thrombin appears to
be very exceptional. Puurunen et al [42] have described a more precise epitope for
anti-prothrombin antibodies located on kringle 2, between amino acid 210 and 229.
This amino acid sequence contains a conserved pentapeptide CRNPD shared by all
kringle proteins, such as plasminogen and factor XII. Puurunen showed that a high
proportion of autoimmune anti-prothrombin antibodies cross-react with plasmino-
gen. Whether this conserved sequence is indeed a dominant epitope on prothrom-
bin is questionable because antiprothrombin antibodies do not cross-react with
factor XII, another kringle protein sharing the same conserved pentapeptide [43].
Patient antibodies to prothrombin seem to be polyclonal or oligoclonal in nature as
antibodies recognizing various prothrombin fragments may occur simultaneously
[38].
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aPL and Risk for Thrombosis

Although aPL are mainly measured to fulfill the classification criteria for an APS,
they are more and more used to estimate the risk for (recurrent) thrombosis or
pregnancy morbidity in a given patient. There is growing consensus that LA are
stronger risk factors for thrombosis than aCL. It was firstly shown that the presence
of a LA correlates better with a history of thrombotic complications than the pres-
ence of aCL. The results from a systematic review of the literature formally estab-
lished that, in patients with previous thrombosis and/or SLE, the presence of a LA is
a stronger risk factor for future thrombotic complications than the presence of aCL
[44].

Pathogenic Mechanisms of aPL: Surface Mediated
Thrombogenic Characteristics

In view of the strong association between the presence of (certain) aPL and throm-
bosis, it is tempting to believe that aPL are involved in the thrombogenesis. Several
prothrombotic mechanisms have been proposed which have in common that they
interfere with surface mediated phenomena.

The formation of bivalent immune complex described above is also a surface-
dependent phenomenon because the binding between anti–β2-glycoprotein I anti-
bodies and its antigenic target in solution is hampered by the intrinsically low
affinity nature of this interaction. The observation that LAs are more closely associ-
ated with thrombotic events than aCL also provides an argument in favor of the
hypothesis that the prothrombotic activity of aPL may be a surface mediated phe-
nomenon.

Anionic enriched PL surfaces, needed for the formation of stable bivalent
immune complexes, are hardly available within a healthy vessel because negatively
charged PLs are normally sequestered within the inner leaflet of the PL bilayer of
the cell membrane. Such surfaces, however, become available during normal
haemostatic processes [45–47].

aPL do probably not cause thrombosis by themselves but rather influence the
thrombotic process once negatively charged PL becomes exposed. aPL would there-
fore function as a “second hit.” There is indirect clinical support for the concept of a
double hit phenomenon. First, not all patients with aPL develop thrombosis but
those who do develop thrombosis have a high rate of recurrence. Secondly, arterial
events are almost always followed by arterial events and venous thrombosis is most
likely followed by another venous thrombosis [48].

There are several “anticoagulant” surface mediated processes with which aPL are
thought to interfere. One major anticoagulant pathway involves protein C and
protein S [49]. Protein C, activated by thrombin on endothelial thrombomodulin,
and protein S bind to negatively charged PL through their GLA domains; activated
protein C in association with protein S cleaves factor Va and factor VIIIa on the PL
surface and thereby inactivates the intrinsic tenase and prothrombinase reactions.
Occupancy of the surface by immune complexes could impede these interactions
and thereby promote further thrombin generation and thrombus growth. Indeed,
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LAs can induce “activated protein C resistance” [50]. A second anticoagulant mech-
anism involves tissue factor pathway inhibitor. This protein binds to negatively
charged PL and to factor Xa on PL. This protein complex then links to the tissue
factor–factor VIIa complex, and shuts off further tissue factor mediated clotting.
Again, occupancy of the PL surface by immune complexes may impede this interac-
tion, leading to prolonged thrombin generation [51].

While these interferences of the immune complexes with anticoagulant pathways
have been elegantly demonstrated in vitro, it is difficult to unequivocally extrapo-
late these observations in vivo because the immune complexes could impede assem-
bly of the procoagulant complexes to the same extent and the overall result would
then be neutral. However, under certain pathological conditions, this may not be
the case. Oxidation is believed to play an important role in inflammatory diseases
such as atherosclerosis. In addition it was reported that oxidation of phos-
phatidylethanolamine containing liposomes potentiates the anticogulant effect of
the protein C pathway without affecting the procoagulant pathway. Total IgG from
patients with aPL and thrombosis appears to selectively inhibit the anticoagulant
effect of phospholipid oxidation [52].

The prothrombotic action of aPL may not be limited to inhibition of surface
mediated anticoagulant pathways. Chesterman’s group provided evidence that
enhanced antibody-mediated deposition of prothrombin on PL may lead to
increased thrombin generation in conditions of flow [53].

We suggest that the deposition of immune complexes on slightly activated cells
may induce further cell activation, leading to generation of micro-vesicles that para-
doxically provide a much larger PL surface resulting in enhanced thrombin genera-
tion [54, 55] (see Fig. 24.4).

This pathogenetic model was confirmed in an in vivo model of thrombosis in the
hamster in whom slight radical induced endothelial injury of a carotid artery had
been provoked after intravenous injection of monoclonal antibodies to human β2-
glycoprotein I [56]. One of the tested antibodies had LA activity in hamster plasma,
a second bound immobilized hamster β2-glycoprotein I but was without LA activity,
a third had no affinity for hamster β2-glycoprotein I. The antibody with LA activity
markedly enhanced arterial thrombosis, the second antibody without LA activity
hardly enhanced thrombosis, the third antibody being inactive. F(ab)2 fragments of
the LA antibody also enhanced thrombosis, whereas Fab fragments were inactive.
These findings confirm that bivalency is required for thrombosis enhancement but
also that the Fc component of the antibody is not compulsory for this enhancement.
Immunohistological examination revealed that the antibody was mainly localized
focally within the platelet thrombus, suggesting thrombus growth spreading from
the foci of immune complex deposition on activated platelets. These experiments
are in agreement with a double hit scenario: following mild endothelial damage, a
small platelet thrombus develops (first hit); the slightly activated platelets expose
negatively charged PL; this leads to patchy deposition of bivalent β2-glycoprotein
I–antibody complexes; these complexes cause further platelet activation and throm-
bus growth (second hit).

The fact that Fc receptor activation is not compulsory for the prothrombotic
action is intriguing and may suggest that another type of receptor-triggered process
is involved. Direct evidence for this was obtained from in vitro experiments under
flow conditions showing that recombinant β2-glycoprotein I–dimer, like β2-glyco-
protein I–antibody dimers, enhances platelet activation and deposition on collagen
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surfaces [57]. This platelet deposition appeared to be dependent on cross-linking
and activation of the apolipoprotein E receptor 2.

Laboratory Diagnosis of LA

SSC Criteria for LA Testing

According to the recommendations of the SSC, the laboratory diagnosis of a LA
should be based on the following criteria: prolongation of a phospholipid depen-
dent clotting test, in particular when the phospholipid content of the test system is
low; lack of correction of the prolonged clotting time by addition of a small amount
of normal plasma (thereby excluding clotting factor deficiency); correction by the
presence of a higher concentration of phospholipid or by use of a reagent that is
poorly responsive to the LA effect [58]. Detection of LA is delicate and sometimes
impossible when the patient is already treated with heparin or oral anticoagulants.
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Figure 24.4. Putative pathogenic mechanism in APS: as a consequence of an initial damage, anionic PLs are
exposed on cells of the blood, on endothelium, or on trophoblasts. In the presence of aPL and their antigenic
targets such as β2-glycoprotein I bivalent immune complexes with increased affinity for these PL surfaces are
formed. The deposition of immune complexes causes further cellular activation probably via cross-linking
apolipoprotein E receptor 2 (apoER2) and a signal transducing mechanism involving p38MAP kinase and this in
addition to the potential role of the platelet FcγRIIa receptor; for platelets this would lead to release of granule
contents and formation of micro-vesicles, which would paradoxically provide a much larger negatively charged
PL surface, and therefore enhance rather than inhibit thrombin generation.



Because autoimmune aPL are chronic, the presence of a LA should be confirmed on
a second sample taken several weeks later. It should be emphasized that a 6-week
interval may not be sufficient to distinguish persistent LA from those seen in rela-
tion with infectious disease because the latter may persist for several months [59].

It is very hard to give precise recommendations on which assays to use for the
detection of LA. Selection of assay systems with optimal sensitivity and specificity is
almost impossible due to the lack of a gold standard (a well-defined LA-positive
patient population). Given the fact that various assays may detect different types of
LA [60, 61] and that not all LA are associated with thrombosis, the best way to select
optimal screen assays should be based on clinical trials. According to a recent sys-
tematic review of the literature however, the risk of thrombosis at present appears
to be independent of the laboratory tests used to identify LA [44].

Discrimination Between LA and Factor VIII Inhibitors

Differentiation between LA and specific factor inhibitors, although extremely impor-
tant in view of their different clinical consequences, often remains difficult. In a
survey of the European Concerted Action on Thrombophilia (ECAT), a sample with
a slow acting auto-immune factor VIII inhibitor at 10 Bethesda Units was included
[61]. As much as 20% of the participating laboratories interpreted their results as
compatible with the presence of a LA. In several cases, this interpretation was based
on the combination of a prolonged partial thromboplastin time (aPTT) which did
not entirely correct upon mixing with normal plasma and a prolonged confirm aPTT
with reduced phospholipids. As clinical laboratories receive less and less information
on the clinical condition of the patients from whom samples for LA diagnosis are
obtained, the use of factor assays should be encouraged whenever a LA is diagnosed
in an aPTT based system. Laboratories should be aware that potent LA and specific
factor VIII inhibitors may behave very similarly in vitro (an example is given in
Table 24.1). In the presence of a potent LA, the apparent activity of various clotting
factors in a one-stage assay may be reduced. However, a high titer factor VIII
inhibitor may also cause a false reduction of factors IX, XI, and XII and therefore
mimic a LA. Determining factor levels in diluted plasma may be of help to differenti-
ate between a LA and a factor VIII inhibitor. In the first case, the apparent clotting
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Table 24.1. An example of the effect of a strong lupus anticoagulant and a high titer FVIII inhibitor on factor assays.

Plasma predilution in buffer
1/10 1/20 1/40

Lupus anticoagulant FVIII (%) 1.6 8.5 39.9
FIX (%) 8.3 28.9 57.2
FXI (%) 5.9 19.7 51.8
FXII (%) 21.3 44.1 66.4

Factor VIII inhibitor FVIII (%) 0.5 0.5 0.5
FIX (%) 12.6 18.2 27.3
FXI (%) 15.4 21.6 31.3
FXII (%) 22.5 29.7 35.7

Note that not all LA or factor VIII inhibitors behave similarly.



factor activity increases as higher plasma dilutions are being tested. In the latter case,
the factor VIII level remains low in diluted plasma.

Importance of LA Potency or Titer

For aCL, the thrombotic risk seems to increase with the antibody titer. Only few
attempts have been made to study the relation between the LA potency or titer and
the clinical manifestations of the APS.

A first feasibility study to quantify LA was performed by the Groupe d’Etudes sur
l’Hémostase et la Thrombose (GEHT) [60]. The LA potency was determined in
samples from 40 patients with APS and 29 LA-positive asymptomatic individuals
using LA screening assays calibrated with a normal plasma pool spiked with
equimolar combinations of a LA positive anti-β2-glycoprotein I monoclonal anti-
body (moab) and an LA-positive anti-prothrombin moab at concentrations ranging
from 0 to 60 µg/mL. Eight reagent–instrument combinations were used in this
study. Patients with APS had coagulation profiles distinct from those with asympto-
matic LA, the former having significantly higher LA titers measured using a
calibrated dilute Russell Viper Venom Time (dRVVT). The largest difference was
found for the 2 dRVVT assays, which were more responsive to β2-glycoprotein
I–dependent LA. This study not only showed that quantification of LA activity in
clinical samples using calibrator plasmas spiked with moabs against protein targets
of aPL is feasible, but also suggested that there might be a relation between the titer
(or potency) and the risk for thrombosis.

That such relation indeed exists was subsequently confirmed in a prospective
study of 678 patients with SLE [62]. In this study, the immediate risk of deep venous
thrombosis increased 34% with each 5 seconds prolongation of the dRVVT.

Importance of the Antigenic Target of LA

There is growing evidence that β2-glycoprotein I–dependent aPL may be more
strongly associated with thrombosis than prothrombin-dependent aPL. The results
of a 4-year prospective study based on the Italian registry show that the risk for
thrombosis is highest in APS patients who in addition to a LA also have medium or
high titer aCL [63]. Because autoimmune aCL are β2-glycoprotein I–dependent aPL,
this observation may suggest that the LA associated with thrombosis may be pre-
dominantly directed against β2-glycoprotein I. Galli and coworkers noted that β2-
glycoprotein I–dependent LA more strongly prolong the dRVVT than
prothrombin-dependent LA, whereas the effects of these two types of LA on the
kaolin clotting time (KCT) are opposite [64]. She also found the dRVVT to be a
better predictor of thrombosis than the KCT in a historical cohort of 100 consecu-
tive LA-positive patients [65]. However, it should be noted that there also is evi-
dence for a prothrombotic role of anti-prothrombin antibodies [66, 67].

Two recent reports describe a method to discriminate β2-glycoprotein I–depen-
dent LA from prothrombin dependent ones. The first method, by Simmelink et al
[68], is based on the high affinity interaction between β2-glycoprotein I and pure
cardiolipin. β2-glycoprotein I and LA dependent on this protein are adsorbed on
cardiolipin vesicles which are added to patient plasma. Shortening of a LA sensitive
aPTT in the presence of cardiolipin vesicles is an indication for the presence of a 
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β2-glycoprotein I–dependent LA. The second method, by Pengo et al [69], is even
more elegant and is based on an increased affinity of β2-glycoprotein I for coagula-
tion active phospholipids when the calcium concentration or the ionic strength in
the reaction mixture is lowered [70]. A further prolongation of a LA sensitive
screening assay such as the dRVVT or the dilute prothrombin time after lowering
the calcium concentration from 10 to 5 mM is an indication for the presence of a β2-
glycoprotein I–dependent LA in a patient sample. On the contrary, the clotting time
is slightly shortened with lower calcium concentrations in case of prothrombin con-
taining immune complexes, because calcium is involved in the binding of pro-
thrombin to phospholipids. The availability of relatively simple clotting based
assays to differentiate β2-glycoprotein I from prothrombin dependent LA now
makes it possible to more properly address the question whether the risk for throm-
bosis is to some extent linked to the target antigen of the LA.

Quality Control

Despite internationally accepted guidelines [58] and many efforts to better stan-
dardize LA assays, several national and international inter-laboratory surveys and
workshops have shown that the accuracy of LA testing still is far from optimal. In
the first French interlaboratory survey on LA, only 41% of 4500 laboratories made a
correct diagnosis of LA [71]. In the U. K. national external quality assessment
scheme (NEQAS), a weak LA was not found by more than 50% of the laboratories
and a factor IX deficient plasma was diagnosed as LA positive by 26% of the labora-
tories [72]. A major shortcoming in this regard is the lack of internationally
accepted reference and control materials. For internal quality assessment, laborato-
ries and reagent manufacturers still have to rely on LA-positive patient samples.

A set of LA-positive reference plasmas with a range of potencies has been pre-
pared by the LA working party of the British Society for Haematology [73]. These
plasmas were obtained by pooling several LA-positive plasmas and diluting them in
LA-negative plasma. However, the supply of such materials is very limited and the
fact that each new pool will have different characteristics probably makes this
approach less suited to prepare real reference materials.

LA positive anti–β2-glycoprotein I and anti-prothrombin moabs are now avail-
able [74, 75]. These antibodies recognize the same target proteins as human LA and
share the same mechanism of action. In addition, they may be combined and can be
produced in large quantities with a constant behavior over time. Therefore, normal
plasma pools spiked with certain amounts of these moabs have the potential to
serve as reference and control materials for LA testing. The Scientific and
Standardization subcommittee on LA and phospholipid-dependent antibodies of
the International Society on Thrombosis and Haemostasis is currently preparing
such international reference materials.
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25 β2-glycoprotein I and Anti–β2-glycoprotein I
Antibodies
Shinsuke Yasuda, Tatsuya Atsumi, and Takao Koike

Introduction

In patients with antiphospholipid syndrome (APS), pathogenic antiphospholipid
antibodies (aPL) are not directed against phospholipids itself, but against plasma
proteins that bind to negatively charged surface, such as β2-glycoprotein-I (β2-GPI)
[1–3], prothrombin [4–6], annexin V, protein C, protein S, high- and low-molecu-
lar-weight kininogens [7], tissue plasminogen activator [8], factor VII [9], factor XII
[10], complement component C4, and complement factor H [11]. Among them,
autoantibodies against β2-GPI have been extensively investigated and recognized as
the most relevant, because anti–β2-GPI autoantibodies are not only a marker of APS
[12], but also seem to play pathogenic roles in developing thrombosis [12, 13].

Structure and Physiological Function of β2-GPI

β2-GPI, also known as apolipoprotein H, is a 50-kDa phospholipid binding protein
present in plasma at an approximate concentration of 200 µg/mL. β2-GPI has 5
homologous short consensus repeats and 4 glycation sites, forming an elongated
fishhook-like 3-dimensional structure. Domains of β2-GPI structurally resemble
each other, except that domain V has an extra C-terminal loop and a positively
charged lysine cluster. According to the crystal structure of human β2-GPI, it was
proposed that this large positively charged patch interacts with negatively charged
phospholipid with a flexible and partially hydrophobic loop inserted into the lipid
layer when it binds to the cell surface [14, 15] (Fig. 25.1). β2-GPI also binds to other
negatively charged molecules such as heparin, DNA, oxidized low-density lipopro-
tein (LDL) [16, 17], and apoptotic bodies [18].

Because negatively charged molecules trigger the intrinsic coagulation pathway,
β2-GPI was proposed to be a natural anticoagulant. β2-GPI inhibits prothrombinase
and tenase activity on platelets or phospholipid vesicles [19], inhibits factor XII
activation [20], and modulates ADP-dependent activation of platelets [21].
Recently, β2-GPI has been shown to bind directly to factor XI and attenuate its acti-
vation [22]. On the other hand, β2-GPI exerts procoagulant activities by reduction of
activated protein C [23]. Data from knockout mice suggests that β2-GPI may
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Figure 25.1. Structure of human β2-GPI and binding model of β2-GPI and phospholipids. (A) Two views, related
by 180° rotation of the electrostatic potential surface of β2-GPI. (B) Positively charged patch on the aberrant half
of domain V. (C) Diagram of the proposed model for binding of β2-GPI to anionic phospholipids. [Reprinted
from Bouma et al. Adhesion mechanism of human beta(2)-glycoprotein I to phospholipids based on its crystal
structure. EMBO J 1999;18:5171.]



contribute in thrombin generation in vivo [24]. In spite of these studies concerning
roles of β2-GPI in coagulation/fibrinolysis system, genetic deficiency of β2-GPI is
not a major risk factor of either thrombosis or bleeding in humans [25, 26]. These
results were consistent with our cases with β2-GPI deficiency, which is due to single
nucleotide deletion and resulting frame shift in β2-GPI gene β2-GPI Sapporo) [27,
28].

Approximately 30% of plasma β2-GPI resides in the lipoprotein fraction. β2-GPI
binds oxidized LDL, inhibiting the uptake and proteolytic degradation of oxidized
LDL by macrophage [16]. β2-GPI enhances the enzymatic activity of lipoprotein
lipase [29] and contributes to triglyceride clearance from plasma [30]. Thus, 
β2-GPI may have an anti-atherogenic role in vitro.

Interaction Between β2-GPI and Anti–β2-GPI Antibodies

It is generally accepted that anti–β2GPI antibodies are a group of heterogeneous
autoantobodies. The majority of anti–β2-GPI antibodies present in patients with
APS do not bind solid-phase β2-GPI when coated on plain polystyrene plates.
Matsuura et al [31] demonstrated that polyclonal or monoclonal aPL bind directly
to β2-GPI coated on irradiated plates in the absence of cardiolipin. This binding of
aPL was inhibited by addition of cardiolipin with β2-GPI . These authors concluded
that aPL recognizes a cryptic epitope in the presence of β2-GPI , which undergoes
conformational change following interaction with irradiated surface or cardiolipin.
Conformational change in β2-GPI upon binding to phospholipids was confirmed by
spectroscopy and spectrophotometry [32]. Roubey et al [33] proposed that
increased density of β2-GPI on irradiated polystyrene plates is important for
binding of aPL. Because aPL had low affinity to β2-GPI in a liquid phase and Fab’
fragment of patient IgG had low affinity to immobilized β2-GPI, they concluded that
anticardiolipin antibodies (aCL) binding to β2-GPI on a microtiter plate or anionic
phospholipid membrane is dependent upon the bivalency of the autoantibody.
Using a dimerized form of mutant β2-GPI, Sheng et al [34] demonstrated that
dimerization of β2-GPI is important for the binding of autoantibody. Anti–β2-GPI
antibodies that react to β2-GPI immobilized on plain plates are also detected in APS
patients [35]. In the absence of phospholipids, autoantibodies that bind β2-GPI in
solution have also been reported [34, 36, 37]. Anti–β2-GPI antibodies that are not
detectable on cardiolipin-coated plates but detectable on plain plates are reported
in children with atopic dermatitis [38].

Thus, there are conflicting data about the reactivity of anti–β2-GPI antibodies,
which may reflect the heterogeneity of autoantibodies and/or the variety of assay
conditions used in different laboratories. Although ELISA is commonly used for
the detection of anti–β2-GPI autoantibodies, details of the assays differ
significantly. First, β2-GPI may be coated on plain plates, on irradiated or oxy-
genated plates, or on anionic phospholipids such as cardiolipin. Second, β2-GPI
used in the assays is derived from human, bovine, or goat. Third, blocking agents
or dilution buffers are different. Last, antibodies used for the standard are differ-
ent, although monoclonal anti–β2-GPI antibodies have been proposed as interna-
tional standards [39, 40].
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Epitope Mapping on β2-GPI 

Because of potential benefits in the treatment of patients, substantial amount of
investigations have been done to specify the domain that bears epitopes for autoim-
mune anti–β2-GPI antibodies. Reflecting the heterogeneity of anti–β2-GPI antibod-
ies, epitopes for the autoantibodies have been reported to reside in all domains of
β2-GPI.

Using a series of domain-deleted recombinant β2-GPI, Iverson et al [41] showed
that the binding of patients’ aPL to solid-phase β2-GPI was inhibited by deletion
mutants containing domain I, but not by those lacking domain I. Supporting this
report, single amino-acid substitutions in domain I abolished the binding of aPL to
β2-GPI [42]. Using surface plasmon resonance, McNeeley et al [43] compared the
binding of native β2-GPI and deletion mutant that lacks domain I to patient sera,
the result indicated that majority of sera from patients recognize domain I of β2-
GPI. Domain IV is also reported to be recognized by autoimmune aPL. Using
domain deletion mutants, Igarashi et al [44] and George et al [45] found that a
murine monoclonal anti–β2-GPI antibody binds domains I–IV better than the
whole β2-GPI or domains I–III, concluding that domain IV is a major epitope for
aPL. According to our data using phage peptide libraries, antigenic structure for 3
human monoclonal and a murine monoclonal anti–β2-GPI antibodies were
identified in domain IV, although a similar structure was also found in domain I
[46]. Binding of anti–β2-GPI antibodies to solid phase β2-GPI was significantly
reduced by site-directed mutagenesis of W235, a common amino acid component
for the epitopes. Using a hexapeptide phage library, Blank et al [47] identified 3
hexapeptides that react specifically with human monoclonal anti–β2-GPI antibodies.
These hexapeptides bore homologous sequence to regions of β2-GPI in domains I
and II, domain III, or domain IV. The importance of domain V as an epitope for
aPL as well as as a phospholipid binding site has also been reported [48, 49].

To explain these different results about B cell epitopes, the clinical study by
Shoenfeld et al [50] may give us one of the clues. They tested the reactivity of patient
sera against six β2-GPI–related peptides which obtain protein sequences from
domain I, domain III, domain IV, inter-linker region of domain IV and V, or
domain V. Eighty-seven percent of the patients had antibody reactivity against at
least one of these β2-GPI–related peptides and a high degree of simultaneous reac-
tivity against several β2-GPI–related peptides was found, suggesting heterogeneous
reactivity of aPL against various epitopes of the β2-GPI molecule.

Clinical Significance of Anti–β2-GPI Antibodies

Association between the presence of anti–β2-GPI antibodies and clinical manifesta-
tion of APS has been investigated. Reports have shown that IgG and IgM anti–β2-
GPI antibodies with medium or high titers is significantly related to the history of
thrombosis [12, 51–60]. Although IgA class anti–β2-GPI antibodies are not widely
investigated, clinical studies found significant association between the presence of
this isotype of autoantibodies and thrombosis [61–65]. However, clinical
significance of IgA anti–β2-GPI antibodies has yet to be established because most
patients with IgA anti–β2-GPI antibodies were also positive for IgG and/or IgM
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isotype [61, 66]. Among IgG subclasses of aCL, IgG2 aCL is more correlated with
thrombosis than the other subclasses [67]. In anti–β2-GPI antibodies found in APS
patients, IgG2 predominance is evident, whereas IgG1 predominance of aCL related
with infectious diseases [68].

In order to evaluate clinical significance of laboratory tests such as lupus antico-
agulant, aCL, anti–β2-GPI antibodies and anti-prothrombin antibodies, Galli et al
[69] reviewed 32 mainly retrospective literatures from 1988 though 2001, which
contains over 5000 patients in total. As previously reported, lupus anticoagulants
are stronger risk factor for thrombosis than aCL in patients with APS [70]. Thirty-
four of 60 studies showed significant associations (5/17 with arterial thrombosis,
12/21 with venous thrombosis, and 17/22 with any thrombosis), when anti–β2-GPI
antibody was measured. Isotype analysis revealed that IgG anti–β2-GPI antibodies
were significantly associated with thrombosis in 20 of 33 studies, although only 2 of
10 studies reached significant association when multivariate analysis was intro-
duced. IgM isotype was associated in 7 of 15 studies, IgA in all of 3. When the type
(arterial or venous) of thrombosis is concerned, anti–β2-GPI antibodies were not
associated with arterial thrombosis, but only marginally with venous thrombosis,
whereas aCL were associated with arterial but not venous thrombosis. This discrep-
ancy may be due to the existence of β2-GPI–independent aCL, which are detected
mainly in patients with infectious diseases [71–73]. In addition, titers of anti–β2-
GPI antibodies differ considerably according to different assay kits, although better
concordance is obtained for high titers of autoantibody [74]. We compared clinical
significance of β2-GPI–dependent aCL (aCL-β2-GPI) and phosphatidylserine-depen-
dent anti-prothrombin (aPS/PT) antibodies using multivariate analysis [75]. Both
antibodies had significant correlation with manifestations of APS, including throm-
bocytopenia or not, although aPS/PT had stronger correlation than aCL-β2-GPI
(Table 25.1). Lopez et al [76] surveyed aPL (aCL, antiphosphatidylserine, anti–β2-
GPI, aPT antibodies) of 100 patients with APS and concluded that anti–β2-GPI anti-
body and antiphosphatidylserine antibody have a stronger predictive value and
association for arterial thrombosis. Autoantibodies against β2-GPI/oxidized LDL
complex are detected in patients with systemic lupus erythematosus (SLE) and APS.
Strong correlation was found between IgG anti–β2-GPI/oxidized LDL antibodies
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Table 25.1. Relationship between anti–β2-glycoprotein I antibody/phosphtidylserine dependent antiprothrombin antibody
and clinical manifestation of antiphospholipid syndrome.

Category, assay Odds ratio 95% donfidence interval P value

Manifestations of APS or thrombocytopenia
IgG/M aPS/PT 3.36 1.52–7.43 0.0025
IgG/M/A aCL/β2-GPI 3.07 1.38–6.86 0.0059

Manifestations of APS (thrombocytopenia is excluded)
IgG/M aPS/PT 2.92 1.33-6.40 0.0091
IgG/M/A aCL/β2-GPI 2.06 0.91-4.66 0.0887

Relationship with LA-dRVVT 
IgG/M aPS/PT 9.39 3.74–23.55 < 0.0001
IgG/M/A aCL/β2-GPI 4.01 1.64–9.78 0.0023

Source: Atsumi T, Leko M, Bertolaccini ML, et al. Association of autoantibodies against the phosphatidylserine-prothrombin complex with
manifestations of the antiphospholipid syndrome and with the presence of lupus anticoagulant. Arthritis Rheum 2000 Sep;43(9):1982–93;
Copyright © 2000; reprinted with permission of Wiley-Liss, Inc.; a subsidiary of John Wiley & Sons, Inc.



and arterial thrombosis in APS [77]. The relative specificity of this novel assay
system indicates that β2-GPI/oxidized LDL/anti–β2-GPI antibody complex may
directly be associated with atherosclerosis.

The importance of anti–β2-GPI antibodies in pregnancy complications has also
been studied. According to some reports, anti–β2-GPI antibodies are associated
with pregnancy complications [78–81]. In one case-control study on women with no
antecedent of thromboembolic or autoimmune disease, anti–β2-GPI antibody as
well as LA was identified as an independent risk factor for unexplained early fetal
loss [82]. However, others could not find association between this laboratory test
and obstetric complications [83, 84]. The significance of IgA anti–β2-GPI in preg-
nancy is also uncertain [66, 85, 86]. After reviewing literatures about APS and preg-
nancy loss, Bruce et al [87] found that it is impossible to draw any conclusion
regarding anti–β2-GPI and clinical features of secondary APS in SLE because of the
variation of assay systems.

Possible Role of Anti–β2-GPI Antibodies

The mechanisms by which anti–β2-GPI antibodies cause thrombosis remain
unknown, although several hypotheses have been proposed. Inhibition of anticoag-
ulant activity in β2-GPI has been suggested as one of the mechanisms. Anti–β2-GPI
antibodies block the inhibitory effect of β2-GPI on factor Xa generation on activated
platelets [88]. However, anticoagulant activity found in β2-GPI may not be critical in
vivo. Although the affinity of β2-GPI for anionic phospholipids is lower than other
clotting factors, binding of anti–β2-GPI antibodies increases the affinity of β2-GPI
for negatively charged phospholipids approximately 100 times [89]. Increment of
the affinity may modify the physiological function of β2-GPI, or inhibit the binding
of other phospholipid binding proteins. Activated protein C acts as an anticoagu-
lant by degrading factors Va and VIIIa. Anti–β2-GPI antibodies are reported to
inhibit both protein C activation and activated protein C [90] only in the presence
of β2-GPI [91]. Cell-mediated mechanisms have also been reported. Tissue factor
expression on endothelial cells is induced by aPL [92–95]. Interaction between
dimmers of β2-GPI and apolipoprotein E receptor 2 on platelets was reported, which
result in increased platelet adhesion to collagen probably via induction of throm-
boxane synthesis [96]. Raschi et al [97] reported an involvement of toll-like receptor
family and MyD88 pathway in endothelial activation observed after stimulation by
monoclonal anti–β2-GPI antibodies. Acceleration of atherosclerosis induced by
anti–β2-GPI antibodies has been reported and growing evidence is accumulated in
these fields. This point will be discussed in Chapter 40.

Cleavage of β2-GPI: Implication in aCL Binding and Negative
Feedback Pathway in Extrinsic Fibrinolysis

β2-GPIis proteolytically cleaved between Lys-317 and Thr-318 in domain V (nicked
β2-GPI), being unable to bind to phospholipids [48]. This cleavage is generated by
factor Xa or by plasmin, the latter being more effective [98]. Once this cleavage
happens to β2-GPI, it loses the antigenicity for pathogenic aPL [99]. Nicked β2-GPI
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has been identified in plasma of patients under conditions characterized by massive
thrombin generation and fibrinolytic turnover, such as disseminated intravascular
coagulation (DIC) [100], leukemia, or positive LA. We have shown that ratio of
nicked β2-GPI against total β2-GPI is elevated in patients with cerebral infarction
including asymptomatic lacunar infarct [101]. We demonstrated that nicked β2-GPI,
but not intact β2-GPI, binds to plasminogen, presumably mediated by the interac-
tion between the lysine cluster on the fifth domain of nicked β2-GPI and lysine
binding site on the fifth kringle domain of plasminogen. Nicked β2-GPI also sup-
pressed plasmin generation in the presence of tissue plasminogen activator, plas-
minogen, and soluble fibrin monomer. Nicked β2-GPI interfered the binding of
plasminogen to fibrin, which is the first step in fibrinolysis. Thus, plasmin generated
nicked β2-GPI controls extrinsic fibrinolysis via a negative feedback pathway loop
(Fig. 25.2).

Conclusions

Because β2-GPI was found to be a major antigen for aPL, many studies have been
focused on the physiological role of β2-GPI, on mechanism of thrombosis induced
by anti–β2-GPI antibody, and on clinical significance of this autoantibody.
Physiological roles of β2-GPI have been reported, although “true” property in
human has yet to be determined. Several epitopes for anti–β2-GPI antibodies are
known, however, all of the anti–β2-GPI antibodies may not be pathogenic and
anti–β2-GPI antibodies are heterogeneous. What we learn from these clinical
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thus playing a role in negative feedback pathway of extrinsic fibrinolysis.



reports would be as follows. First, the standardization of the assay system for aPL is
urgent. Second, measurement of aPL using multiple methods is favored in order to
establish better assay for diagnosis and/or for prediction of disease activity. Last,
more prospective, multi-center studies will be needed after standardization of the
assay systems.

Recently, pathogenic roles of anti–β2-GPI antibodies have been reported in the
fields of coagulation and fibrinolysis, atherosclerosis, or signal transduction and cell
activation. These findings may contribute to better and specific therapies for
patients with APS.
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26 Antiprothrombin Antibodies
Maria Laura Bertolaccini

Introduction

In clinical practice, anticardiolipin antibody (aCL) detected by ELISA and lupus anti-
coagulant (LA) detected by clotting assays have been standardized for the diagnosis of
the antiphospholipid syndrome (APS). However, it is now established that antiphos-
pholipid antibodies (aPL) are a large and heterogeneous family of immunoglobulins,
which, despite their name, do not seem to bind phospholipids, but are directed to
plasma proteins with affinity for anionic surfaces (i.e., phospholipids).

Amongst these phospholipid binding proteins, the best studied is β2-glycopro-
tein I (β2-GPI), which bears the cryptic epitope(s) for aCL binding. These epitopes
are exposed when β2-GPI binds to negatively charged phospholipids such as cardi-
olipin, or irradiated plastic plates [1]. Several studies have highlighted the
significance of anti–β2-GPI antibodies (anti–β2-GPI) as an alternative ELISA with
higher specificity than the conventional aCL ELISA [2–4].

Prothrombin, another phospholipid binding protein, was first proposed as a pos-
sible co-factor for LA by Loeliger in 1959 [5]. In subsequent years, the interest
regarding this protein has increased and several groups have investigated the
significance of antiprothrombin antibodies.

Prothrombin

Prothrombin is a single chain glycoprotein, synthetized in the liver, recognized very
early as the prime contributor to the blood coagulation process. This protein is
found in plasma at a concentration of around 2.5 µmol/L. Its gene spans 21 kilobase
pairs [6] on chromosome 11. Mature prothrombin contains 579 amino acid residues
with a molecular mass of 72 kD, including 3 carbohydrate chains and 10 γ-car-
boxyglutamic acid residues [7].

The tenase complex, entailing factor Xa and factor V, calcium and phospho-
lipids as co-factors, physiologically activates prothrombin. Once negatively
charged, phospholipids bind prothrombin and tenase converts prothrombin to
thrombin, which triggers fibrinogen polymerization into fibrin [8]. In addition,
thrombin binds thrombomodulin on the surface of endothelial cells and activates
protein C, which then exerts its anticoagulant activity by digesting factor V and
depriving in this way the tenase complex from its most important co-factor. Due
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to this negative feedback pathway prothrombin/thrombin behaves as an “indi-
rect” anticoagulant.

The prothrombin molecule consists of 3 functional domains: Gla, kringle, and
catalytic. During its liver byosinthesis, prothrombin undergoes γ carboxylation (10
glutamic acid residues in proximity of its amino terminus). These γ carboxyglu-
tamic residues, known as Gla domains and located on fragment 1 of the prothrom-
bin molecule, are essential for the calcium dependency of phospholipid binding to
prothrombin, necessary for the conversion of prothrombin to biologically active α-
thrombin. Two kringle domains follow this region and are involved in pro(throm-
bin) binding to fibrin [6]. Tenase selectively hydrolyses 2 peptide bonds on the
catalytic domain of the prothrombin molecule. Cleavage at Arg273–Thr274 results
in the liberation of prothrombin fragment 1+2 (residues 1–273) and prothrombin 2
(residues 274–581); further cleavage at Arg322–Ile323 results in the formation of α-
thrombin. The latter, one of the most potent enzymes known, not only converts
fibrinogen to fibrin but acts upon factors V, VIII, XIII, protein C, platelets, and
endothelial cells [9]. The schematic representation of the prothrombin molecule is
shown in Figure 26.1.
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Figure 26.1. Schematic representation of the prothrombin molecule. Cleavage at Arg273–Thr274 results in the
liberation of prothrombin fragment 1+2 (residues 1–273) and prethrombin 2 (residues 274–581); further cleav-
age at Arg322–Ile323 results in the formation of α-thrombin.



Antiprothrombin Antibodies

History

In 1959, Loeligler [5] was the first to describe the “LA co-factor phenomenon” when
he described that the addition of normal plasma to that of a patient with LA
increased the degree of coagulation inhibition. A low plasma level of prothrombin
was also found; suggesting that the co-factor associated with this phenomenon was
most likely to be prothrombin. Later, Rapaport et al [10] described the case of a
child with LA who underwent recurrent bleeding episodes. Further investigation
showed a severe prothrombin deficiency, a prolonged prothrombin time, and a pro-
longed activated partial thromboplastin time (aPTT). In 1983, Bajaj et al [11] were
the first to provide evidence of the presence of non-neutralizing prothrombin-
binding antibodies in 2 patients with LA and hypoprothrombinemia. These anti-
bodies bound prothrombin without inhibiting its conversion to thrombin. The
authors postulated that hypo-prothrombinemia resulted from the binding of anti-
bodies to prothrombin and rapid clearance of these complexes from the circulation.

In 1984, Edson et al [12] demonstrated prothrombin–antiprothrombin complexes
in the plasma of patients with LA but without severe hypo-prothrombinemia in pro-
thrombin crossed immunoelectrophoresis experiments. These findings were later
confirmed by Fleck et al [13], who found antiprothrombin antibodies in 72% of the
LA-positive patients and showed that these antibodies had LA activity. In 1991, Bevers
et al [14] highlighted the importance of antiprothrombin antibodies in causing LA
activity. After incubation with cardiolipin containing liposomes, the LA activity
remained in 11/16 patients with LA. These 11 samples demonstrated LA activity in a
phospholipid-bound prothrombin dependent fashion. Subsequently, Oosting et al
[15] showed that 4/22 LA inhibited endothelial cell mediated prothrombinase activity
and the IgG fraction containing LA activity bound to phospholipid–prothrombin
complex. In 1995, Arvieux et al [16] showed that antiprothrombin antibodies could be
detected by a standard ELISA using prothrombin coated onto irradiated plates.

Immunological Characteristics

Antiprothrombin antibodies are commonly detected by ELISA using irradiated plates
[16] or in complex with phosphatidylserine [17, 18]. The mode of presentation of
prothrombin in solid phase seems to influence its recognition by antiprothrombin
antibodies. In fact, antiprothrombin antibodies cannot bind when prothrombin is
immobilized onto non-irradiated plates [16, 17], but does so if prothrombin is immo-
bilized on a suitable anionic surface, adsorbed on γ-irradiated plates, or exposed to
immobilized anionic phospholipids. An analogy between the behavior of these anti-
bodies and anti–β2-GPI has been suggested. Antiprothrombin antibodies might be
directed against cryptic or neoepitopes (antigens) exposed when prothrombin binds
to anionic phospholipids and/or may be low affinity antibodies binding bivalently to
immobilized prothrombin. Wu et al [19] observed that human prothrombin under-
goes a conformational change upon binding to phosphatidylserine containing sur-
faces in the presence of calcium. On the other hand, Galli et al [17] demonstrated
that antiprothrombin antibodies could be of low affinity and suggested that pro-
thrombin complexed with phosphatidylserine could allow clustering and better ori-
entation of the antigen, offering optimal conditions for antibody recognition.
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A high percentage of antiprothrombin antibodies have species specificity for the
human protein [14], but a minority react with bovine prothrombin [20]. The
epitope(s) recognized by these antibodies are being investigated. Rao et al [21]
demonstrated binding of aPT to prethrombin 1 and fragment 1, as well as the whole
prothrombin molecule, when using purified IgG preparations from LA-positive
patients. One of these antibodies reacted with immobilized thrombin. Malia et al [22]
also demonstrated binding of antiprothrombin antibodies to fragment 1+2. Recently,
Akimoto et al [23] showed that 61.5% of aPT bound to fragment 1 and 38.4% to
prethrombin (fragment 2 + α-thrombin). Overall, these data suggests that the domi-
nant epitopes are likely to be located near the phospholipid binding site of the pro-
thrombin molecule, although they may have a heterogeneous distribution.

It has been reported that most LA depend on the presence of phospholipid bound
prothrombin, as well as phospholipid bound β2-GPI, and the anticoagulant properties
of aPT have been studied by several groups. Perpimkul et al [24] showed LA activity
due to antiprothrombin antibodies in 9/10 samples from LA-positive patients. Galli 
et al [17] and Horbach et al [25] reported the existence of 2 types of circulating anti-
prothrombin antibodies which may be distinguished on the basis of their effect in
coagulation assays: (1) functional, which cause LA activity, and (2) non-functional,
which do not contribute to the LA activity, probably caused by a different epitope
specificity of antiprothrombin antibodies [26]. Recently, a human monoclonal
antiprothrombin antibody with LA activity has been raised and a semi-quantitative LA
assay has been established in an attempt to help in the standardization of this test [27].

Clinical Significance

Prothrombin appears to be a common antigenic target of aPL [28]. However, its
clinical significance is far from clear. Most of the studies available in the literature
investigated the clinical significance of aPT detected by ELISA using prothrombin
coated on irradiated plates and positive correlations with the clinical manifestations
of the APS have been reported [29–31]. Little data are available on antibodies
directed to phosphatidylserine–prothrombin complex (aPS-PT).

Antiprothrombin Antibodies and Thrombotic Events

Petri et al [29] reported that aPT have potential predictive value for thrombosis in a
cohort of patients with systemic lupus erythematosus (SLE). Subsequent studies
failed to show aPT as a risk factor for thromboembolic events, undoubtedly
reflecting the heterogeneity and lack of appropriate standardization for the detec-
tion of these antibodies. Pengo et al [32] found no correlation between the presence
of aPT and thrombosis in 22 APS patients with thrombosis. Galli et al [33] showed
aPT in 58% of APS patients; however they found no correlation with thrombotic
events. At variance, Puurunen et al [30], Horbach et al [25], and Muñoz-Rodriguez
et al [34] reported a positive correlation between aPT and thrombosis in SLE.
Puurunen et al [30] found a positive correlation between the presence of aPT and
deep vein thrombosis (DVT) in a SLE population. Horbach et al [25] investigated
the clinical significance of aPT in 175 patients with SLE and found that both IgG and
IgM aPT were more frequent in patients with a history of venous thrombosis. We
also reported a correlation between the presence of aPT and the occurrence of vas-
cular events when we studied 207 patients with SLE [31]. These findings were
expanded by Muñoz-Rodriguez et al [34], who found an association between the
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presence of aPT and thrombotic events in a cohort of 177 patients with various
autoimmune diseases.

A recent systematic review of the literature [35] showed that no clear associations
with thrombosis are found for antiprothrombin antibodies, irrespective of isotype,
site, and type of event and the presence of SLE. This may be explained by different
detection methods and by the presence of antibodies directed to different epitopes
resulting in different functional properties [17, 25, 26].

Vaarala et al [36] showed a predictive value of 2.5-fold increase in the risk of
myocardial infarction or cardiac death in middle-aged men with high levels of aPT.
A nested case-control study estimated aPT to increase the thrombotic risk in men
with DVT or pulmonary embolism [37]. Subsequent studies confirmed the associa-
tion between aPT and venous thrombosis in patients with and without LA and/or
aCL [38, 39]. Recently, Zanon et al [40] reported, after multivariate analysis, that
aPT were likely risk factors for recurrent thromboembolism in their population of
patients with acute venous thromboembolism.

There are only few papers on the significance of antiprothrombin antibodies when
using the phosphatidylserine–prothrombin complex as antigen. In 1997, Galli et al
[17] suggested that the prevalence of antiprothrombin antibodies increased from 58%
when using prothrombin coated on irradiated plates (aPT) to 90% when prothrombin
was coated with phosphatidylserine (aPS-PT). Funke et al [41] reported that aPS-PT
conferred an odds ratio (OR) of 2.8 for venous thrombosis and of 4.1 for arterial
thrombosis in patients with SLE. Atsumi et al [18] supported these data by showing
that the presence of aPS-PT conferred an OR of 3.6 for APS in 265 Japanese patients
with systemic autoimmune diseases.
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Table 26.1. Antiprothrombin antibodies and thrombosis: data reported in the literature.*bl/TT*bg

Author Study group N Correlation

Petri et al [29] SLE 100 Yes
Vaarala et al [36] Myocardial Infarction 106 Yes 
Pengo et al [32] aPL 22 No
Puurunen et al [30] SLE 139 Yes (DVT)
Horbach et al [25] SLE 175 Yes (venous)
Galli et al [17] aPL 59 No
Swadzba et al [42] SLE + LLD 127 No
Forastiero et al [38] aPL 233 Yes (venous)
Palosuo et al [37] DVT + PE 265 Yes
Bertolaccini et al [31] SLE 207 Yes
Martinuzzo et al [43] Pulmonary hypertension 54 No
Guerin et al [44] Autoimmune diseases 265 No
Funke et al [41] SLE 97 Yes
Sorice et al [45] SLE 38 Yes (APS)
Lakos et al [46] Autoimmune diseases 70 Yes
Muñoz-Rodriguez et al [34] APS 177 Yes
Atsumi et al [18] Autoimmune diseases 265 Yes
Galli et al [47] aPL 72 No
Pasquier et al [48] DVT 241 Yes
Nojima et al [49] SLE 124 Yes
Previtali et al [50] Thrombosis 79 No
Simmelink et al [51] LA positive 46 Yes
Zanon et al [40] VTE 236 Yes

N = number of patients; SLE = systemic lupus erythematosus; aPL = antiphospholipid antibodies; LLD = lupus-like disease; DVT = deep venous
thrombosis; PE = pulmonary embolism; APS = antiphospholipid syndrome; LA = lupus anticoagulant; VTE = venous thromboembolism.



Table 26.1 summarizes data on clinical associations of antiprothrombin antibodies
available in the literature.

Antiprothrombin Antibodies and Pregnancy Morbidity

Although several studies supported the association between antiprothrombin anti-
bodies and thrombotic events, the association between these antibodies and preg-
nancy morbidity is controversial and not fully investigated.

Early reports showed no association between the presence of antiprothrombin
antibodies and pregnancy morbidity, defined by 2 or more pregnancy losses before
week 13 of pregnancy and/or 1 fetal death [52]. Donohoe et al [53] showed an asso-
ciation between IgM aPT and fetal loss. Akimoto et al [54] reported a specific asso-
ciation between aPT directed to prethrombin 1 and fragment 1 in pregnant women
with severe pre-eclampsia and abortion. In a recent retrospective study by von
Landenberg et al [55], IgG aPT showed a predictive value of 4.5-fold increased risk
for early pregnancy loss in patients with APS, risk that was higher to that of aCL
(3.4-fold).

Recently, Tsutsumi et al [56] failed to detect antiprothrombin antibodies by using
the phosphatidylserine–prothrombin complex as antigen in 81 women with unex-
plained recurrent miscarriages, suggesting that testing for these antibodies does not
seem to aid in the evaluation of patients with unexplained recurrent miscarriages.

Pathogenic Role of antiprothrombin antibodies

Despite uncertainities regarding the pathogenetic mechanism, there is increasing evi-
dence suggesting that antiprothrombin antibodies play a role in the hypercoagulable
state of the APS. The antigen (prothrombin) is not only a molecule involved in coagu-
lation but also it is present in plasma or on cell surfaces that are exposed to plasma,
therefore accessible to circulating antibodies. Some effects of antiprothrombin anti-
bodies at the endothelial cell level have been proposed: (1) these antibodies inhibit
thrombin mediated endothelial cell prostacyclin release and hamper protein C activa-
tion [57]; (2) antiprothrombin antibodies could recognize the prothrombin–phospho-
lipid complex on endothelial cell surface, activating endothelial cell and inducing
procoagulant substances [58]; or (3) they could increase the affinity of prothrombin
for negatively charged phospholipids [21]. Thus, the prothrombin–antiprothrombin
antibodies complex would compete with the binding of other coagulation factors for
the available surface, resulting in a prolongation of clotting assays that can be neutral-
ized by the addition of extra phospholipids. This in vitro phenomenon could be
extrapolated to an in vivo scenario: membrane binding antibody–prothrombin com-
plexes could decrease the concentration of prothrombin and/or phospholipid sites
available for optimal assembly of the prothrombinase complex [59], leading to a
hypercoagulable state and consequently to a thrombotic tendency.

The prothrombotic activity of antiprothrombin antibodies has been recently
showed in animal models. Haj-Yahja et al [60] showed that immunization with β2-
GPI, prothrombin, or both results in the production of autoantibodies directed
towards the immunizing agent. Although the prothrombin immunized group did
not develop clinical and/or serological features of APS, thrombus induction was
demonstrated when using an ex vivo model in which the aorta of mice immunized
with prothrombin developed a visible thrombus after stasis (suture) for 1 minute,
providing evidence for the prothrombotic effect of aPT.
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The Value of IgA Isotype

There is still controversy as to whether patients with features of the APS, negative to
IgG or IgM aPL, have IgA aPL and, if so, their clinical significance [61, 62]. This con-
troversy is based on some experimental work that suggests that IgA aCL are as pro-
thrombotic as the IgG or IgM isotypes [63]. Also, some data on IgA anti–β2-GPI
showed that this isotype is very frequent in SLE patients [64–66] and its presence has
been associated with thrombosis [64, 65, 67] and pregnancy loss [68, 69]. We failed to
demonstrate the presence of antiprothrombin antibodies (by using either the aPT
and/or the aPS-PT system) of the IgA isotype in 134 SLE patients [70], data later
confirmed by Atsumi et al [18] in the sera of 265 Japanese SLE patients. However,
Matsuda et al [71] studied 60 SLE patients and described 1 patient with no aPL related
clinical features but positivity not only for IgA aPS-PT but also for IgG and IgM aPS-
PT, aCL, anti–β2-GPI, and LA. Furthermore, von Landenberg et al [55] showed that
IgA aPT was significantly associated with venous thrombosis in patients with APS.
However, all patients from this study fulfilled Sapporo criteria for APS [72] (either
aCL and/or LA positivity), and the possible additive risk given by the finding of IgA
aPT was not analyzed. From these findings, we cannot rule out the existence of IgA
aPT and/or aPS-PT in some lupus sera but we could suggest that IgA antiprothrom-
bin antibodies might not be relevant for the recognition of the APS in SLE.

Conclusion

It has been demonstrated that the interaction between aPL and anionic phospho-
lipids is mediated by plasma proteins, one of them identified as prothrombin.
Antiprothrombin antibodies are frequently found in patients with aPL but the
immunological characteristics and mechanisms of action are not completely under-
stood. As thrombotic mechanisms are multifactorial and complex, further investi-
gations are required to define the role of aPT in the pathogenesis of thrombosis.
Knowledge of the behavior of specific aPL would aid in defining specific thrombo-
genic pathways and improved management of patients with APS. However, in order
to accomplish this, standardization of the methods for the detection of these anti-
bodies is mandatory.
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27 Antiphospholipid Syndrome in the Absence
of Standard Antiphospholipid Antibodies:
Associations with Other Autoantibodies
Robert A. S. Roubey

Introduction

Although the presence of antiphospholipid antibodies (aPL) is, by definition, a sine
qua non of antiphospholipid syndrome (APS), the spectrum of autoantibodies asso-
ciated with APS is likely to extend beyond standard anticardiolipin and lupus anti-
coagulant assays. These include autoantibodies to phospholipid-binding proteins,
such as β2-glycoprotein I (β2-GPI) and prothrombin, as well as antibodies detected
in immunoassays using phospholipids other than cardiolipin. These antibodies are
present in some patients with clinical manifestations of APS, that is, thrombosis,
pregnancy loss, who have negative tests for anticardiolipin antibodies (aCL) and
lupus anticoagulant (LA). At the present time such patients would not be classified
as having definite APS by international criteria [1], but fall within a broader concept
of APS or APS-like conditions. If these other autoantibodies are shown to be associ-
ated with the same risks of thrombosis, pregnancy loss, etc., as conventional aPL as
research proceeds, then it is likely that consensus serological classification criteria
for APS will expand.

This broader serologic view of APS highlights the unusual relationship of conven-
tional aPL tests to the syndrome. APS is currently defined as the association of
certain clinical events, for example, thrombosis or recurrent fetal loss, with a persis-
tently positive aCL or LA test. Positivity in an aPL test is, therefore, an essential
element of the syndrome, rather than a diagnostic test for the syndrome. There is no
independent gold standard for APS by which one can assess the diagnostic sensitiv-
ity or specificity of aPL tests. Positive aPL assays are probably best thought of as risk
factors for the clinical manifestations of APS. A highly positive aPL assay should not
be considered a false positive if the patient does not have a history of thrombosis or
another clinical feature of APS. Further, there are no established exclusion criteria
for APS. A patient with thrombosis and a positive aPL test would be considered to
have APS whether or not other important risk factors for thrombosis were present.
In fact, other factors may be critical in determining which individuals with aPL will
have a thrombotic event or miscarriage.
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Autoantibodies Associated with APS

In considering “aPL-negative” APS, it should be keep in mind that conventional
aCL ELISAs and LA assays were developed based on an inaccurate or incomplete
understanding of the specificities of the antibodies detected in these tests.
Elucidation of these specificities and the discovery of additional autoantibodies
associated with thrombosis and/or fetal loss are a work in progress.

Antibodies Detected in Conventional aPL Assays

Before discussing APS-associated antibodies that may not be detected in conven-
tional aPL assays, it is necessary to understand the antibodies that are detected in
these tests. The specificities of aPL are reviewed in detail elsewhere in this volume.
Briefly, in APS patient sera, the large majority of antibodies detected in aCL ELISAs
recognize β2-GPI, not cardiolipin. β2-GPI in these assays derives from bovine serum,
a common component of the blocking buffer/sample diluent. Antibodies directed
against cardiolipin may also be detected in aCL assays, but do not appear to be asso-
ciated with the clinical manifestations of APS. LA activity in most APS patient
plasmas is due to autoantibodies directed against β2-GPI and/or autoantibodies to
prothrombin. Although LA activity is commonly thought of as an intrinsic property
of certain antibodies, differences in the various assays used to detect LA may be
critically important in determining whether a patient sample will exhibit LA in a
particular assay. For example, the LA activity of certain anti–β2-GPI monoclonal
antibodies derived from APS patients was found to be dependent on the concentra-
tion of β2-GPI in the LA assay [2]. Certain antibodies may be detected in one type of
LA assay but not another. Galli and colleagues found that the dilute Russell viper
venom time was more sensitive to prolongation by anti–β2-GPI antibodies, whereas
the kaolin clotting time was more sensitive to prolongation by anti-prothrombin
antibodies [3].

Antibodies Detected in Immunoassays Using Other Anionic
Phospholipids

Early in the development of aCL immunoassays, it was observed that most APS-
associated “anticardiolipin” antibodies appeared to be broadly cross-reactive with
other anionic phospholipids, for example, phosphatidylserine, phosphatidylinosi-
tol, phosphatidic acid, and phosphatidylglycerol. With the discovery that bovine β2-
GPI was the key antigen in aCL ELISAs, this apparent cross-reactivity is currently
best understood in terms of β2-GPI binding similarly to the various anionic phos-
pholipids. Bovine serum is commonly used in the assays with other anionic phos-
pholipids and β2-GPI binds reasonably well to micro-titer plates coated with any
negatively charged phospholipid [4]. Accordingly, most anti–β2-GPI antibodies can
be detected in any of the anionic phospholipids ELISAs. The generally good correla-
tion among ELISAs using different anionic phospholipids has led many investiga-
tors to conclude that the aCL assay, along with LA testing, are adequate for
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evaluation of APS. Routine testing of patient samples against panels of other
anionic phospholipids is expensive and usually provides little additional clinical
information [5–8].

Although most aCL-positive APS patient sera react in assays using other anionic
phospholipids, aCL-positive sera from patients with infectious diseases, such as
syphilis, do not [9]. These infection-associated antibodies are specific for cardi-
olipin and do not recognize phosphatidylserine, other anionic phospholipids, or β2-
GPI [10]. In light of this observation, it may be argued that ELISAs using
phosphatidylserine or one of the other anionic phospholipids would be preferable
to the aCL ELISA in evaluating patient for APS [11]. The justification for the routine
use of the aCL ELISA is largely due to the nearly 20 years of clinical experience with
this assay. Additionally, several international standardization workshops have
served to improve the performance and inter-laboratory reproducibility of aCL
ELISAs [12–14]. Similar standardization efforts have not been applied to assays
using anionic phospholipids other than cardiolipin.

There are a number of reports in which sera from patients with clinical features
of APS are negative in aCL ELISAs, but positive in 1 or more assays utilizing other
anionic phospholipids. The molecular basis for this pattern of reactivity and the
antigenic specificities of the “non-anticardiolipin” antibodies detected in theses
assays are both unclear. When sera are screened for IgG, IgM, and IgA antibodies to
a broad panel of different phospholipids, low level reactivity in a single assay may
be due to random error, given the large number of individual tests being performed.

Like aCL ELISAs, bovine serum is typically present in assays using other phos-
pholipids. It is not known whether antibodies detected in antiphosphatidylserine,
antiphosphatidylinositol, or similar assays are directly binding to phospholipids or
to a phospholipid-binding component of bovine or human serum. Detailed studies
using highly purified antibodies and antigens, similar to the experiments demon-
strating the role of β2-GPI in the aCL assay, have not been performed. Limited
studies using patient sera suggest that at least some antibodies detected in the pres-
ence of other phospholipids depend upon the presence of β2-GPI [15–17]. Why such
antibodies would not be detectable in standard aCL assays is not known. The anti-
bodies might be specific for conformational determinants on β2-GPI that are depen-
dent upon the type of phospholipid. Other factors to be considered include
differential clustering patterns of β2-GPI on different phospholipids, and differences
in phospholipid fatty acid composition and/or oxidation status, which could
influence how β2-GPI binds to the phospholipid-coated plate.

In the absence of a positive aCL or LA test, an association between positivity in 1
or more ELISAs utilizing phosphatidylserine, phosphatidylinositol, phosphatidyl-
glycerol, or phosphatidic acid, and the clinical manifestations of APS is not well
established [5, 6]. Toschi and colleagues observed that reactivity in non-cardiolipin
anionic phospholipid assays was associated with thrombosis and stroke [17, 18].
Interestingly, antibody binding in these assays was β2-GPI dependent. The largest
studies evaluating panels of non-cardiolipin anionic phospholipids have been con-
ducted with obstetrical patients. Yetman and Kutteh found that 10% of women with
recurrent pregnancy loss were negative in the aCL assay but tested positive in
another phospholipid assay, including both anionic phospholipids and phos-
phatidylethanolamine (see below) [19]. Aoki et al compared a (β2-GPI–dependent)
aCL ELISA with a panel of phospholipid assays in a large group of women with
reproductive failure [20]. The aCL assay was more frequently positive in patients
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than controls, whereas no difference between patients and controls was observed
with any of the other assays alone. Positivity in more than one other assay was more
frequent among patients, however, most of these patients were also positive in the
aCL assay.

The performance of ELISAs using anionic phospholipids other than cardiolipin is
difficult to assess. As noted above, in general, these assays have not been subjected
to rigorous inter-laboratory evaluation or national/international standardization
efforts. Monospecific reference material for each aPL assay are not widely available.
Therefore, it is difficult to make a valid clinical decision based on an isolated posi-
tive result in one of these assays.

Antibodies Detected in Immunoassays Using
Phosphatidylethanolamine

Phosphatidylethanolamine is a zwitterionic phospholipid normally present in the
outer leaflet of cell membranes. It has been shown to play an important role in
phospholipid-dependent reactions of the protein C pathway [21]. Anti-phos-
phatidylethanolamine antibodies may be the only autoantibodies detectable in a
small number of patients with clinical features of APS [22–28]. Careful studies of the
specificity of anti-phosphatidylethanolamine antibodies demonstrate that they do
not bind to phosphatidylethanolamine itself but to a complex of phos-
phatidylethanolamine and certain proteins present in bovine serum, that is, high-
and low-molecular-weight kininogens (HMWK, LMWK) and/or factor XI and
prekallikrein, proteins that bind to HMWK [29–32]. β2-GPI is not involved. These
antibodies may exert a thrombogenic effect by enhancing thrombin-induced
platelet aggregation [31, 33].

To date, no large studies have demonstrated the clinical utility of the anti-phos-
phatidylethanolamine ELISA. However, the case reports and antibody studies cited
above support further study and efforts toward standardization. On a research basis
it is reasonable to consider anti-phosphatidylethanolamine testing in evaluating
patients suspected of having APS, but who are negative in the standard aPL assays.

Species-Specific Autoantibodies to Human β2-GPI

A large body of data indicate that autoantibodies to β2-GPI are among the most
important antibodies associated with APS. Conventional aCL ELISAs and LA assays
detect many anti–β2-GPI antibodies, but have some limitations. An important limi-
tation of standard aCL ELISAs is the species of β2-GPI. As previously mentioned,
the predominant species of β2-GPI in aCL assay is bovine. Whereas anti–β2-GPI
antibodies from most APS patients recognize β2-GPI from many species, some rec-
ognize only the human protein. Although a small amount of human β2-GPI is
present in aCL assays (from the diluted serum sample being tested), aCL assays may
miss these antibodies [34, 35]. Species specificity seems to be occur more frequently
among IgM anti–β2-GPI antibodies than IgG anti–β2-GPI antibodies. This issue is
directly addressed in anti–β2-GPI ELISAs in which the human protein is the antigen.
Several groups have reported on the presence of APS clinical manifestations in
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patients who are positive in the anti–β2-GPI assay but negative in aCL and/or LA
assays [36–40].

Although the anti–β2-GPI ELISA is not yet part of the serological criteria for the
classification of definite APS or considered as a first-line laboratory test, for clinical
purposes most experienced physicians would consider a patient with anti–β2-GPI
antibodies and clinical features of APS to have the syndrome. At present, suspicion
of APS in the setting of a negative aCL assay is a reasonable indication for anti–β2-
GPI testing. Interlaboratory evaluation and standardization efforts for the anti–β2-
GPI ELISA are needed and will likely enhance the value of this test in the future.

Autoantibodies to Prothrombin

Autoantibodies directed against prothrombin represent a large proportion of LA
antibodies in patients with APS [41–43]. Immunoassays for the detection of anti-
prothrombin have recently been developed [43–47]. There are significant method-
ological differences among the anti-prothrombin ELISAs that have been reported
and optimal assay conditions have not been established [48, 49]. Overall, the various
anti-prothrombin assays demonstrate that, in certain patients, anti-prothrombin
antibodies may be present in the absence of a positive LA assay. This may be due to
one or more factors including: (1) use of a LA assay that is relatively insensitive to
the effects of anti-prothrombin antibodies; (2) greater analytical sensitivity of
immunoassays as compared to coagulation assays (immunoassays may detect lower
concentrations of antibody than coagulation reactions); and/or (3) an intrinsic char-
acteristic of certain anti-prothrombin antibodies, for example, fine specificity, that
may be responsible for LA activity. The small number of studies to date suggest that
LA positivity is more closely associated with thrombosis and fetal loss than a positive
anti-prothrombin ELISA [44, 46, 50]. Larger studies and optimization/standardiza-
tion of anti-prothrombin ELISAs are needed to evaluate the association of anti-pro-
thrombin antibodies with clinical features of APS and determine whether detection
of these antibodies in ELISA constitutes a valid basis for aPL-negative APS.

Autoantibodies to Components of the Protein C Pathway

Inhibition of the anticoagulant protein C pathway has long been considered as a
possible mechanism predisposing to thrombosis in patients with APS. Recent data
suggest that autoantibodies directed against components of this pathway, protein C,
protein S, and thrombomodulin, may be associated with clinical features of APS
[51–53]. Such antibodies are probably not detectable in standard aCL and LA tests.
Additionally, autoantibodies to C4b-binding protein, a complement control protein
that regulates free protein S levels and has structural similarity to β2-GPI, have been
reported [54, 55].

Other Autoantibodies

Limited data suggest the possible association of a number of other autoantibodies
with thrombosis and fetal loss. These include autoantibodies to tissue factor
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pathway inhibitor [56], annexin V [57, 58], factor XII [59, 60], vascular heparin
sulfate proteoglycan [61], and complement factor H [54]. If the clinical associations
are borne out by further study, such antibodies may eventually be included in an
expanded serological definition of APS.

Summary

Certain autoantibodies not detected in standard aCL and LA assays may be associ-
ated with clinical manifestations of APS. These antibodies are not included in the
current serological criteria for the classification of definite APS, although these
criteria are likely to be expanded in the future. Autoantibodies to β2-GPI and
prothrombin, detected in protein-based ELISAs, are likely candidates for consid-
eration. At the present time antibodies detected in ELISAs using anionic phos-
pholipids other than cardiolipin are of possible interest, however, evidence for the
clinical utility of such assays is weak. Future studies elucidating the specificity of
these antibodies and inter-laboratory efforts toward assay standardization are
needed. Antibodies detected in anti-phosphatidylethanolamine assays may be
associated with clinical features of APS and may directly contribute to a pro-
thrombotic state.

In conclusion, certain patients with clinical features of APS may have 1 or more
of the autoantibodies discussed above, in the absence of aCL or LA. While these
patients do not meet current classification criteria for definite APS, conceptually
they may be included in a broader clinical view of autoantibody-mediated thrombo-
sis and pregnancy loss.
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Section 3

Basic Aspects



28 Vascular Pathology of Antiphospholipid
Antibody Syndrome
Gale A. McCarty

Introduction

Antiphospholipid antibody syndrome (APS) is now recognized as a systemic vascu-
lopathy involving complex interactions between endothelial cells, platelets, and
inflammation and coagulation cascades [1–3]. Vasculopathy is a term often equated
with thrombotic microangiopathy (TMA) but unfortunately continues to be used or
confused with vasculitis (where inflammatory cells are present throughout the
vessel wall) or perivasculitis (where the infiltrate is adventitial but the vessel wall is
intact) [4–14]. 

The identification of TMA is dependent on many factors: (a) time course from
symptomaticity to biopsy, (b) action of naturally occurring anticoagulants, or (c)
time course of institution of antithrombotic treatments. TMA may involve changes
on the intra-luminal side, through the vessel wall, and into the adventitia. At the
light microscopic level, this spectrum involves endothelial cell swelling, thrombosis
that is usually bland, but occasionally associated with a reactive cellular infiltrate as
part of neoangiogenesis (reactive angioendotheliomatosis). Varying degrees of
recanalization, fibrin, and/or platelet deposition in the vessel wall, proliferation of
myointimal cells with attendent luminal decrease, medial thickening, and hyaliniza-
tion usually with preservation of the internal elastic lamina occur, but in some
instances discrete vasculitis or perivasculitis is present [1–14]. 

Limited electron microscopic studies have in some vessels identified indistinct
electron dense deposits in sub-endothelial areas that have not yet been fully charac-
terized as representative of antiphospholipid (aPL) antibodies but have been
identified as immunoglobulin [2, 4, 6–12]. Some of the confusion in the APS litera-
ture is attributable to (a) poor differentiation of perivasculitis versus panvasculitis,
(b) misinterpretation of positive fluorescent antibody (FA) studies for
immunoglobulins and complement components as definitive of an immune
complex vasculitis, when complement and markers of endothelial cell activation
have new effector functions [1, 3, 9], (c) occurrence of co-existing vasculitis in sec-
ondary APS, most often in systemic lupus erythematosus (SLE), and (d) anatomic
differences between arteries and veins versus capillaries, with their lack of limiting
vascular smooth muscle cells and attendant inflammatory cell extravasation or
spillage beyond capillary network without identifiable capillary necrosis (capillari-
tis) [4, 6–8, 12]. 
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The major incremental knowledge over the last 4 years comes from the growing
awareness of nephropathy in both primary and secondary APS, which in lupus
patients do not relate to WHO Classification and its insidious association with
hypertension, loss of renal function, cumulative vascular damage, and arterial
thrombosis [6–8, 10]. 

Additionally, advances in the immunobiology of vascular inflammation and rela-
tionship of antibody-mediated vasculopathy to atherogenesis and vaso-occlusive
disease are important [1, 3, 5]. Vascular pathology and clinicoserologic correlations
in 18 patients with primary (1°) and secondary (2°) syndromes are presented in this
chapter relative to the current spectra of APS involvement in the literature, which
has expanded to include different combinations of vascular damage from reactive
endotheliomatosis to calciphylaxis. Because there is no evidence-based approach or
systematic reviews for these aspects of APS, small and large case series predomi-
nate. A prospectus is offered regarding processes of endothelial cell–platelet inter-
actions in inflammation, injury, and repair that might help to explain the wide
spectrum of vasculopathy in APS.

Methods

Biopsy, surgical, or autopsy specimens were obtained from patients seen in acade-
mic and consultative practice. The diagnoses of 1° or 2° APS were made by modified
Harris and American College of Rheumatology (ACR) criteria, longitudinal aPL
enzyme immunoassays (EIAs) done on at least 2 occasions 4–6 weeks apart for
IgG/M anticardiolipin (aCL), IgG/M antiphosphatidylserine (aPS) performed in a
laboratory certified by the aPL Standardization Laboratory of E. Nigel Harris, MD,
simultaneous lupus anticoagulant (LA) profile by activated partial thromboplastin
time (aPTT) or a dilute Russell viper venom time (dRVVT) performed according to
the Standardization Committee’s recommendations, and in 1 patient an anti-pro-
thrombin antibody test [15, 16]. In other patients, a standardized IgG/M/A EIA for
aCL, aPS, and antiphosphatidylethanolamine (aPE) were performed in addition to
IgG/M aCL [17]. Epidemiologic, clinical criteria for the diagnosis of 1° or 2° APS,
serologic- or coagulation-based tests, and major categories of vascular pathologic
involvement with cross-reference to photomicrographs comprise Table 28.1. Eleven
of the 18 patients had 1° APS, the remaining 7 had 2° APS due primarily to SLE.
Eleven were white females (age range, 5 days–67 years); 3 were white males (age
range, 23–45 years), and 4 were black females (age range, 26–50 years). Hematoxylin
and eosin (H&E) stains were used except where specified: Vierhoeff van Gieson
(VVG) for collagen and elastic tissue; Masson’s trichrome for elastic tissue (fibrin
red to blue-grey); Mallory’s phosphotungstic acid hematoxylin (PTAH) for fibrin
(purple); modified Giemsa (MG) for cells and bacteria (blue); and glial fibrillary
acidic protein (GFAP) immunoperoxidase (brown); in selected skin or renal biop-
sies, and routine FA techniques for immunoglobulins G, M, A, and complement
components C3 or C4 where specified [4–6]. 

As there are no systematic reviews or randomized control trials, most of the arti-
cles identified by re-performing the prior comprehensive Medline literature review
(cross-referencing APS, aPL, lupus coagulation inhibitor, and vascular pathology
categories) were reviewed for APS diagnostic criteria, EIA and coagulation-based
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Table 28.1. Clinical, serologic, and pathologic findings in 18 antiphospholipid syndrome patients.

Patient 1− 2− aPL LA RT RFL TMA EC/Fi PV FA Other Figure

1– + CL, + CVA + + + + IgG,C3 LR 28.1(A), 
19y/o PE REN 28.7(A,C)
WF

2– + CL PTE n.a + + - - LR 28.1(B),
23y/o REN 28.7(E), 
WM DVT 28.6(A–C,F),

PVD 28.8(E), 28.9(E)

3– + CL, + VOD + + + - - Skin 28.1(C), 
67y/o PS, PTE Ulcer 28.3(D)
WF PE DVT

4– + PS, + VOD n.a + + - - Skin 28.1(D), 
44y/o PE DVT Ulcer 28.2(D)
WF SKIN Pap.

5– + C VOD n.a + + - - Dig. 28.1(E)
45y/o Inf.
WM

6– + PE + VOD n.a + + + - LR, 28.1(F),
53y/o DVT Skin 28.2(C), 
WM SKIN Ulcer 28.3(A)

7– + CL - SKIN + + + + IgG Skin 28.2(A)
28y/o DVT C3 Nod.
BF

8– + PE - SKIN - + + + IgG Bulla. 28.2(B,E), 
44y/o VOD Calci. 28.4(A–F)
WF PTE

9– + PS, + PUL + + + - + Skin 28.2(F), 
38y/o PE HEM ulcer 28.6(E)
WF DVT

CVA

10– + PE + SKIN + + + + - Skin 28.3(B,E)
53y/o DVT Nod,
WF Gran.

11 + CL, + CVA + + + - - Skin 28.3(C,F)
–38y/o PS TCP ulcer,
WF SKIN Calci.

12 + CL, - CVA + + + - IgG LR 28.7(B),
–50y/o PS AIHA C3 28.8(B), 
BF REN 28.9(A–D,F)

13 + CL + CVA + + - - IgG GI 28.7(D),
–33y/o TCP C3 Inf. 28.8(A,D),
WF REN 28.9(B)

VOD

14– + CL, + SKIN + + + - IgG LR 28.7(F)
29y/o PE REN C3
BF DVT

15– + PE - PUL. + + + - - Capill 28.6(D)
29y/o HEM.
WF AIHA

TCP



aPL tests, description and photomicrography for review of major components of
APS pathology (thrombotic microangiopathy, endothelial cell swelling/fibrin depo-
sition, pervasculitis, vasculitis, or necrosis). In some instances FA studies for
immunoglobulin and complement deposition were available. Tables 28.1–28.6  sum-
marize these major pathologic findings grouped by vessel site, APS classification,
major pathologic findings, aPL and LA results, and the references from the litera-
ture arranged chronologically. Sixty original color slides from 18 patients were ana-
lyzed and digitally scanned to make composite Figures 28.1–28.10 (G. A. McCarty,
Indiana University APS Database, IUMC Photography Department, and Matrix
Digital Photography, Inc., Indianapolis IN).

Characteristic Macrovascular Pathologic Findings in APS

The hallmark lesion suggesting APS in all its forms is livedo reticularis, which can
be evanescent, intermittent, or sustained, often overlooked by physicians in
recorded physical exams, yet patients and family members often describe its pres-
ence as mottling, blotching, or “giraffe skin,” and clearly identify it when presented
with photographs. Figure 28.1 shows in 1° APS patients classic distributions over
the thigh [Fig. 28.1(A)], elbow [Fig 28.1(B)], or accompanied by cutaneous necrosis
[Fig. 28.1(C)] in patients 1–3. Livedo and digital infarctions as seen in patient 5 [Fig.
28.1(E)] are a highly specific combination for APS. That pyodermatous necrotic
papules, and nodules of varying sizes also occur is increasingly recognized, as
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Table 28.1. Continued

Patient 1− 2− aPL LA RT RFL TMA EC/Fi PV FA Other Figure

16– + PS, – CVA + + + – – Mat. 28.5(A–F)
5d/o PE VOD 1−,
WF AMI Heart

Tx

17– + CL, + VOD + + + – – Mat. 28.8(C,F)
5d/o PE TCP 1−,
WF Dig. Inf.

18– + CL, + VOD – + + + – GI 28.10(A–F)
29y/o PT TCP Inf.
BF REN TMA

W = white; B = black; F = female; M = male; 1−= primary APS; 2−= secondary APS; aPL = antiphospholipid antibody
specificity; CL = cardiolipin; PS = phosphatidylserine; PE = phosphatidylethanolamine; LA = lupus anticoagulant [activated
partial thromboplastin time (aPTT) and dilute Russell viper venom time (DRVVT)]; PT = antiprothrombin antibody; RT =
recurrent thromboses; CVA = cerebrovascular accident; PTE = pulmonary thromboembolism; REN = renal thrombotic
microangiopathy; DVT = deep venous thromboses; PVD = peripheral venous disease; VOD = vasocclusive disease,
nonatherosclerotic, large vessels; SKIN = skin infarction/nodule/ulcer/papule; PUL HEM = pulmonary hemorrhage; TCP =
thrombocytopenia; AIHA = autoimmune hemolytic anemia; AMI = acute myocardial infarction; LR = livedo reticularis, Heart
tx = heart transplant; RFL = recurrent fetal loss; TMA = thrombotic microangiopathy; EC/Fi = endothelial cell
hyperplasia/fibrin or fibrin thrombi; PV = perivasculitis, lymphocytic (where specified); FA = fluorescent antibody studies
(skin vessels or glomeruli); Dig. Inf. = digital infarction; Bulla = bullous skin disease; Calci. = calciphylaxis; Gran.= granuloma
(3 or greater nuclei per giant cell); GI Inf. = gastrointestinal infarction; Capill = capillaritis; Lymph = lymphocytic; MΦ =
monocytic/macrophagic; Mat. 1− = maternal primary APS; n.a. = not applicable.



exemplified by patient 6 [Fig. 28.1(F)], with bruising due to concomitant severe
thrombocytopenia [18–20].

Cutaneous Vascular Pathology

At the microvascular level, the first major detailed cutaneous pathologic studies
were H&E micrographs showing TMA from patients with 2° APS with LA in the
setting of SLE, and subsequently in 2 patients with 1° APS [14, 18, 20]. Next to TMA,
which was noted in all these patients in some vessels, endothelial cell changes
including variable hypertrophy, positive staining for fibrin in vessel walls, and
varying degrees of intra-luminal occlusion due to fibrin thrombi [patient 3, Fig.
28.3(D); patients 6 and 11, Fig. 28.3(A,C); Figs. 28.2, 28.3; patient 8, Fig. 28.4(A,D)].
Because of the short duration of these skin lesions from time of onset to biopsy,
necrosis, fibrin staining, perivasculitis, and TMA were noted in many patients,
rather than the endothelial cell fibrointimal “cushion” lesions that likely represent a
combination of initial vascular injury and response to thrombosis, with reparative
attempts at recanalization, and are of myointimal cell origin [1–6]. Because the first
case of true vasculitis co-existent in a patient with SLE, APS, and multiple specificity
aPLs, other secondary cases have been identified; however, patient 6 with 1°APS
[Fig. 28.2(C), 28.3(A)] had a distinctive lymphocytic vascular infiltrate with oblitera-
tion in a skin vessel not located underneath a skin ulcer, where this finding could
occur due to an infection rather than a true vasculitis [12, 14, 27]. Patients 7 and 8
[Fig 28.2(A,B)] had nodular skin infiltrates mimicking a panniculitis [24]. Skin
necrosis and ulcerations occur in all forms of APS with usual serologies by Harris
criteria [21, 22–34); patients 3, 4, and 7 [Figs. 28.1(D), Fig. 28.2(A), respectively] had
antibodies to negative phospholipids, while patients 4 and 6 [Figs. 28.2(C), Fig
28.3(A)] notably had antibodies to PE. Widespread cutaneous necrosis is now rec-
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Figure 28.1. Macrovascular cutaneous pathology. (A) Livedo, thigh, patient 1. (B) Livedo, elbow, patient 2. (C)
Livedo and necrosis, arm, patient 3. (D) Erythematous papules, livedo, healing ulcerations, hands, and peripheral
venous thromboses, legs, patient 4. (E) Livedo and digital infarctions, patient 5. (F) Pyodermatous necrotic
papules with infarction and thrombocytopenic bruising, leg, patient 6. (G. A. McCarty, Indiana University APS
Database, IUMC Photography Department, and Matrix Digital Photography, Inc., Indianapolis, IN.)



ognized as a reason to prompt an APS workup. Calciphylaxis was noted in a patient
with 2° APS and LA with uremia; 2 patients with 1° APS [patient 9, Fig. 28.2(F);
patient 11 Fig. 28.3(C)] and 1 with 2° APS [patient 10, Fig. 28.3(B,F)] exhibited this
finding [32, 34]. The first known report of a giant cell response in a central vessel
was a novel finding in patient 10 [Fig. 28.3(E)], who presented with lower extremity
nodules suggestive of a panniculitis but with no obvious drug or infectious etiology.
Patient 8 with 1° APS had both classical livedo with coalescence, and skin necrosis,
bullous lesions, and obliterated vessel markings [Figs. 28.2(B,E), 28.4(A,C)] in the
setting of only antibodies to PE, and an overwhelming catastrophic syndrome with
severe calciphylaxis. Patient 9 with 2° APS due to SLE presented with necrotic skin
ulcers, calciphylaxis, and bullous lesions in the setting of pulmonary hemorrhage,
and had antibodies to PE and PS [Figs. 28.2(F), Fig. 28.6(E)]. Thus, a growing
panoply of cutaneous microvascular lesions comprise APS with varying macrovas-
cular presentations.

Cardiovascular Pathology

Major advances in the understanding of the vasculopathy of APS was made when
the first peripheral vascular photomicrographs of a femoral and an anterior tibial
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Table 28.2. Cutaneous vascular pathology.

1° APS 2° APS TMA EC/Fi PV VASC NEC aPL LA+ Ref.

+ + + 14
+ + + + 18
+ + + + 20

+ (HIV) + + – 21
+ + 22

+ (RA) 23
+ + + Lymphs + Lymphs + + 12

+ (RA) + Nodule + 24
+ + + + + M� + 25
+ ×5 + ×3 + + + ×1 LCV + ×3 + ×5 27
+ + + +�2gp 28

+ + + + 29
+ + + 30

+ + + + 31
+ + Calci. + 32

+ + + 33
+ + + 34

+ + + + CL, PE + Patient 1
+ + + + CL Patient 2
+ + + + CL, PS + Patient 3
+ + + + PS, PE + Patient 4
+ CL Patient 5
+ + + + + Lymphs + PE + Patient 6

+ + + CL Patient 7
+ + + + Pannic. CL Patient 8
+ + + + + Calci. PE Patient 9

+ + + Calci. PS, PE + Patient 10
+ + + + Lymphs Gran. PE Patient 11
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Figure 28.2. Cutaneous vascular pathology. (A) Lymphocytic nodular panniculitis (center), perivasculitis (upper
left), lymphocytic perivasculitis with panvasculitis through small vessel wall (upper right), patient 7. (B)
Lymphocytic epidermal and subdermal infiltrate (center and right), fibrin thrombi and early perivasculitis (left
lower vessel), panvasculitis with red cells in lumen (right central vessel), and two normal vessels (above, right),
patient 8. (C) Lymphocytic pervasculitis and panvasculitis with normal lumen (left) and mild perivasculitis with
early fibrinoid change (right), patient 6. (D) Fibrin thrombi in multiple vessels with varying degrees of luminal
occlusion, patient 4. (E) Bullous changes (left), fibrin thrombi and fibrinoid vessel changes (right), patient 8. (F)
Pyodermatous skin ulcer above fibrin thrombi in several vessels (left) and bullous changes with early calciphy-
laxis, patient 9 (courtesy of Dr. Antoinette Hood). (G. A. McCarty, Indiana University APS Database, IUMC
Photography Department, and Matrix Digital Photography, Inc., Indianapolis, IN.)

Figure 28.3. Cutaneous vascular pathology. (A) Vascular occlusion and obliteration of vascular markings, deep
dermis, patient 6. (B) lymphocytic dermal infiltrate (left), small vessel perivasculitis and panvasculitis (right),
patient 10. (C) Multiple fibrin thrombi in deep dermal vessels, patient 11. (D) Fibrin in dermal vessel wall, patient
3 (courtesy of Antoinette Hood). (E) Multiple fibrin thrombi and single area of giant cell formation central vessel
(> 3 nuclei), patient 10 (courtesy of Dr. William Caro). (F) Multiple fibrin thrombi in deep dermal vessels with
hemorrhage, fibrin thrombi, and several vessels with calciphylaxis, patient 11. (G. A. McCarty, Indiana University
APS Database, IUMC Photography Department, and Matrix Digital Photography, Inc., Indianapolis, IN.)



artery were published in 2 patients with positive classical serologies, although the
interpretation at the time was controversial [11, 12; reviewed in 4, 6–8]. The concept
of intimal hyperplastic change in the femoral artery versus simple adherent throm-
bosis was exemplified by this first report, with a mild focal acute inflammatory
infiltrate, whereas a mononuclear vasculitis was demonstrable in the tibial artery [4,
11, 12]. In subsequent cases of peripheral vessels, TMA in varying degrees is noted,
along with endothelial cell changes and fibrin staining most commonly [11, 12, 35,
37, 38]. Table 28.3 presents comparative data; most cases are valvulopathies occur-
ring in both 1° and 2° APS, with antibodies to classical aPLs, most commonly aCL,
but also LA and PS [36–42]. In one case, a mononuclear/macrophage cellular
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Table 28.3. Comparative data.

1° APS 2° APS TMA EC/Fi PV VASC NEC aPL LA+ Ref.

+ + + 11
+ + + + M� + 12

+ + + CL 35
+ + + + 36

+ + + 37
+ + + CL + 38
+ ×6 + ×1 + ×5 CL 39
+ ×8 + + ×13 + M� Calci. CL, PS 40

+ + + + 41
+ + + 42
+ + + + + Calci PS Patient 8
+ + + + PS, PE Patient 16

Figure 28.4. Skin, pulmonary, and coronary vascular pathology in catastrophic APS, patient 8. (A) Skin necrosis,
superficial thrombosis, and coalescent livedo. (B) Pulminary arteriolar vessels with fibrin and red cells, extensive
alveolar hemorrhage (WG). (C) Skin arteriole with obliterated vessel markings, adherent old calcified thrombus,
and mild subdermal lymphocytic infiltrate. (D) Fibrin thrombi in multiple dermal vessels, subcutaneous edema
(left) and superficial bulla above thrombosed vessels (right). (E) Coronary vein with adherent old thrombi with
calciphylaxis. (F) Pulmonary arteriolar thrombi with calcified old thrombi and calciphylaxis eroding through
vessel wall (lower left) causing fatal exsanguinations (courtesy of Dr. Darrell Davidson). (G. A. McCarty, Indiana
University APS Database, IUMC Photography Department, and Matrix Digital Photography, Inc., Indianapolis,
IN.)



infiltrate was noted on the valve, and in another case, calciphylaxis [39, 40].
Platelet–fibrin surface deposition as sources of peripheral emboli, valvulitis with
scarring and hypertrophy, and in rare instances calcific changes, are noted [40a].
While mitral valve involvement has been previously the sine qua non, other recent
studies point out the growing awareness of aortic involvement and attendant risks
for cerebrovascular embolization accruing over time [39a, 40a]. Patient 8 had
significant coronary vein thromboses with adherent thrombi and calciphylactic
changes at postmortem exam, and calciphylaxis was also noted segmentally in
several heart valves [Fig. 28.4(E)], her death was caused by erosion of a calcified
thrombus and calciphylaxis in a pulmonary arteriole causing a fatal exanguination
despite being intubated on an intensive care unit; this patient made antibodies to
only PE. Patient 16 was born with significant global livedo reticularis, thrombocy-
topenia, neonatal small vessel cerebrovascular infarcts in 3 territories, destruction
of several heart valves with APS-related valvulopathy, and underwent open heart
surgery at age 3 days for valvuloplasty complicated by an intra-operative myocar-
dial infarction. Despite the maternal history of prior infertility, thrombocytopenia
for the third trimester, and a DVT just prior to labor, maternal APS was not diag-
nosed prior to birth. Antibodies to PE were defined in both mother and infant when
she was 3 days old. At 15 days, a successful heart transplantation was performed,
and she remains alive to date, with only growth retardation due to chronic steroid
therapy; 3 female family members have APS, and 2 who have been examined sero-
logically have only antibodies to PE. Figure 28.5(A,B) shows her heart with intra-
myocardial hemorrhage and infarction, and a minimal polymorphonuclear
perivascular infiltrate in the area of the acute myocardial infaction. Figure 28.5(C,D)
documents TMA in the infarcted left anterior descending coronary, and necrotic
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Figure 28.5. Cardiovascular pathology in neonatal APS requiring cardiac transplantation, patient 16. (A) Left
ventricle hypertrophy with visible intra-myocardial hemorrhage and infarction. (B) Intra-myocardial small ves-
selwith minimal polymorphonuclear perivascular infiltrate and dense infiltrate in an area of early necrosis and
hemorrhage. (C) Left anterior descending coronary artery with thrombotic microangiopathy and transmural
myocardial infarction. (D) Necrotic left anterior descending coronary artery and circumflex branch with throm-
botic microangiopathy in small branches. (E) Aortic valve with fibrin thrombi, valvulitis, and early calcification.
(F) Epicardial surface vessels with thrombotic microangiopathy above transmural myocardial infarction (cour-
tesy of Dr. Mary M. Davis). (G. A. McCarty, Indiana University APS Database, IUMC Photography Department,
and Matrix Digital Photography, Inc., Indianapolis, IN.)



branches with TMA in smaller distal vessels: epicardial vessels with TMA over the
area of the acute myocardial infarction are seen in Fig. 28.5(F). Figure 28.5(E) shows
the aortic valve with classic fibrin thrombi, valvulitis, and early calcification.

Pulmonary Vascular Pathology

Arterial and venous TMA occurs in the lungs of patients with APS, as well as capil-
laritis and pulmonary alveolar hemorrhage, but these latter entities are often go
undiagnosed or are attributed to pneumonitis of infectious etiologies, and occur in
both adult and pediatric patients [Table 28.4; Figs. 28.4(B), 28.6(A,F)] [43–45].
Septal capillary fibrin in concert with neutrophilic infiltration of the septa is charac-
teristic but often capillaritis is often not considered on initial pathologic reading of
these biopsies, which are often obtained bronchoscopically for the differentiation of
bacterial versus pneumocystis pneumonitis so tissue sampling is limited, and
prominent hemorrhage can obscure vascular detail such as TMA. That inflamma-
tory cell infiltrate “spillage” in tissue spaces can occur has been cited above due to
capillary structural differences(e.g., lack of a limiting basement membrane). Most of
the published cases had classic antibodies to aCL and LA. Patient 15 had extensive
pulmonary hemorrhage [Fig. 28.4(B)] with antibodies to PE, TCP/AIHA, infertility,
and asymptomatic small vessel ischemic disease of the central nervous system
(CNS). Patient 2 had undiagnosed TMA causing recurrent pulmonary emboli misdi-
agnosed as asthma throughout childhood, and at death in his 20s had pathologic
evidence of old and new PTE and significant microvascular pulmonary hyperten-
sion [Fig. 28.6(A)] [4–6]. Figure 28.6(B,C) show both significant TMA and increased
collagenous changed in a pulmonary arteriole, and recanalization processes in other
areas of the lungs; resolution of TMA but residual fibrous strands are exemplified in
Figure 28.6(F) that likely lead to chronic schistocytosis prominent in this patient in
his later years. Patient 8 [Fig. 28.4(B)] had alveolar hemorrhage. Patient 9 had SLE
and APS with antibodies to both PE and PS, and a classic pulmonary arteriole with
fibrin staining is noted in Fig. 28.6(E), and similar changes with more alveolar capil-
lary infiltrate “spillage” is noted in patient 15 [Fig. 28.6(D)]. An excellent review of
the lung in APS is available [45a].
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Table 28.4. Pulmonary vascular pathology.

1° APS 2° APS TMA EC/Fi PV VASC NEC aPL LA+ Ref.

+ Capill. + CL + 43
+ + + 44
+ + + + 45

+ + + + CL Patient 2
+ + + + Pann. CL Patient 8
+ + + + + Calci. PE Patient 9
+ Capill. + PE Patient 15



Renal Vascular Pathology

The first reports of renovascular pathology involved patients with recurrent throm-
bosis and LA [6–8, reviewed in 10, 46, 47]. Renovascular lesions involve afferent
arterioles and terminal branches of inter-lobular arteries, often without eliciting a
cellular infiltrate or disruption of internal elastic laminae, but the deposition of
hyaline material beneath the endothelium, which is immunoglobulin in nature by
previously published electron microscopic studies, has also been noted [6–8, 10, 46,
47]. Table 28.5 collates the vascular pathology, clinical setting of APS independent
of type of glomerulonephritis by WHO classification, as clinical renal disease is dis-
cussed elsewhere in this book; TMA is characteristic in all cases, as well as endothe-
lial cell hyperplasia and fibrin staining. The earliest reports cite thrombotic
thrombocytopenic and/or purpuric presentations which brought patients to early
renal biopsy; the first 4 cases were patients with classical serologies, TMA, and SLE
[46, 47]. Series of patients have subsequently been identified, with 1° and 2° APS,
and a continuing prevalence of antibodies to aCL and/or LA [35, 50, 52–56, 58, 59].
Perivasculitis or vasculitis occurred infrequently, primarily in patients with 2° APS,
but one case report documents a patient with 1 °APS [51, 52, 57]. Patients 2, 7, and
12–14 all had 2° APS and antibodies to aCL; additionally, patients 12 and 14 had
antibodies to PS, and PE and LA, respectively. Patient 1 with 1°APS exhibited con-
centric renal arteriolar hypertrophy with a mild perivascular infiltrate but no true
panvascular infiltrate, and normal tubules [Fig. 28.7(A)]; hyalinized thickened cap-
illary loops with mild proliferative changes are shown in Figure 28.7(C) and she had
antibodies to aCL and PE. Patient 2 showed glomerular capillary loop hypertrophy
with eccentric intimal hyperplasia in an extraglomerular vessel [Fig. 28.7(E)].
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Figure 28.6. Pulmonaru vascular pathology. (A) Pulmonary arteriolar hypertrophy, fresh and recanalized throm-
boses, edema, and hemorrhage, patient 2. (B) Pulmonary arteriole with increased concentric intimal fibrosis in
situ thrombosis (MT), patient 2. (C) Pulmonary arteriole with organizing thrombosis and early recanalization
(VVG), patient 2. (D) Pulmonary capillaritis with inflammatory cells “spilling” into alveolar spaces (far left),
patient 15. (E) Pulmonary arteriole with fibrinous walls and intra-luminal fibrin (center), patient 9. (F) Pulmonary
arteriole with fibrous web residual of recanalization of old thrombi (VVG), patient 2 (courtesy of Dr. Michael
Hugheson). (G. A. McCarty, Indiana University APS Database, IUMC Photography Department, and Matrix Digital
Photography, Inc., Indianapolis, IN.)
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Table 28.5. Renovascular pathology.

1° APS 2° APS TMA EC/Fi PV VASC NEC aPL LA+ Ref.

+ ×3 + + 46
+ + + 47

+ ×5 + ×5 + + + CL ×4 + ×3 48, 49
+ + + CL 50
+ ×1 + ×5 + CI ×3 51
+ + + CL 35
+ ×5 + CL ×4 + ×5 52

+ ×4 + + + + + 53
+ ×5 + + CL ×4 + ×1 54
+ + + CL 55

+ ×3 + + CL 56
+ + + + + CL 57

+ ×14 + + CL ×13 58
+ ×8 + CL ×3 + ×5 59
+ + + + CL, PS Patient 1

+ + + + CL Patient 2
+ + + CL Patient 7
+ + + CL, PS Patient 12
+ + CL Patient 13
+ + + CL, PE + Patient 14

Figure 28.7. Renovascular pathology. (A) Concentric renal arteriolar hypertrophy with mild perivascular, but not
panvascular, inflammatory infiltrate and normal tubules (top), patient 1. (B) Glomerular capillary loop small
thromboses are scattered through the upper left and mid lower quadrants, patient 12. (C) Hyalinized, thick-
ened glomerular capillary loop present superiorly with few inflammatory cells, arteriolar thickening, and prolif-
eration; glomerular ischemia, patient 1. (D) Concentric renal arteriolar hypertrophy, patient 13. (E) Glomerular
capillary loop hypertrophy with eccentric intimal hyperplasia in extraglomerular vessel, patient 2. (F) Renal arte-
riolar hypertrophy, crescentic glomerulopathy with varying degrees of capillary loop hypertrophy, hyaliniza-
tion, and fibrosis, patient 14. (courtesy of Dr. Moo-Nahm Yum). (G. A. McCarty, Indiana University APS Database,
IUMC Photography Department, and Matrix Digital Photography, Inc., Indianapolis, IN.)



Patient 12 had small glomerular capillary loop thromboses and antibodies to aCL
and PS [Fig. 27.7(B)]. Patient 13 showed concentric arteriolar hypertrophy [Fig.
27.7(D)], and patient 14 had crescentic glomerulopathy with varying degrees of
hyalinization and fibrosis, and antibodies to aCL and PE [Fig. 28.7(F)]. Expected
frequencies of IgG and/or C3 by FA studies were noted relative to lupus nephritis
classification in some cases (data not shown). Fibrin, erythrocytes, and erythrocyte
fragments are often components of a thickened media and effacement with hyaline
material is common. The renovascular pathology of APS likely represents the cul-
mination of endothelial cell effector functions in regulation of response to immune
injury of various types in recent reviews [2, 10, 53]. A distinctive form of endothelial
injury resulting in a novel glomerular basement membrane wrinkling and redupli-
cation by silver staining, which was on electron microscopy shown to be accompa-
nied by a new, straighter, thin membrane adjacent to the endothelium was
described, which was not always associated with TMA in these primary APS patients
[2, 60].

Cerebrovascular and Muscular Vascular Pathology

Early studies associated small vessel cerebrovascular ischemic lesions, usually of a
multiple territory nature causing multi-infarct dementia, classical antibodies to
aCL, and co-existent cardiac sources of microemboli due to APS valvulopathy [61,
62–64]. A true TMA with vasculitis was noted in 2 cases, 1 with a monocytic/
macrophagic perivascultis in a patient with 1° APS, and co-existent intimal hyper-
plasia, and a transmural lymphocytic infiltrate consistent with true vasculitis in
another patient with 1°APS, also with antibodies to aCL. This is the CNS equivalent
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Figure 28.8. Mesenteric, cerebrovascular, and muscular vascular pathology. (A) Mesenteric arterial thrombosis
present and distinct from proximal artherosclerosis, patient 13 (courtesy of Dr. Michael Hughson). (B) Multi-ter-
ritory cerebral meningeal, gray, and white matter small vessel ischemic disease of varying ages, patient X. (C)
Muscle arteriolar thrombosis and muscle fiber necrosis in left forearm, patient 17. (D) Intestinal ischemia due to
mesenteric thrombosis in (A), patient 13. (E) Multiple areas of cerebellar small vessel ischemic disease, patient X.
(F) Muscle necrosis with acute inflammatory infiltrate from small vessel thrombosis in (C), patient 17 (courtesy of
Dr. Mary M. Davis). (G. A. McCarty, Indiana University APS Database, IUMC Photography Department, and Matrix
Digital Photography, Inc., Indianapolis, IN.)



of the previously described reactive angioendotheliomatosis described in our
studies and by others [6–8, 19]. Three of the 4 patients here had 1°APS [patient 1,
Fig. 28.9(A); patient 2, Figs. 28.8(E), 28.9(E); and patient 17, Fig. 28.8(C,F)] with
antibodies to aCL, or aCL and PE (patients 1 and 17). Patient 1 [Fig. 28.9(A)] addi-
tionally had significant endothelial cell swelling and the novel finding of a mitotic
figure, with almost complete obliteration of vascular lumen, and a mild periadventi-
tial cellular infiltrate. Patient 12 [Figs. 28.8(B), 28.9(C,D,F)] showed a wide variety of
TMA with varying webs of recanalization in several sites in both grey and white
matter vessels. Special stains showed cortical ribbon infarction proceeding down-
wards from cortical meningeal arterioles. Patients 12, 13, and 2 also showed similar
lesions in areas not underlying a cortical meningeal infarct [Fig. 28.9(A,B,E), respec-
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Table 28.6. Cerebrovascular and musculovascular pathology.

1° APS 2° APS TMA EC/Fi PV VASC NEC aPL LA+ Ref.

+ + + + 13
+ + + + + M� + 25

+ + + + 41
+ + + CL 62

+ + + 63
+ + + + + 64

+ + + + CL, PE + Patient 1
+ + + + CL Patient 2

+ + + CL, PS Patient 12
+ + + CL + Patient 13

+ + + + CL, PE + Patient 17

Figure 28.9. Cerebrovascular pathology. (A) Cerebral arteriolar endothelial cell edema and mitotic figure with
intimal hyperplasia, fibrin, and major luminal occlusion, patient 12. (B) Intimal fibrous proliferation extending
intra-luminally in cortical arteriole, patient 13. (C) Cortical infarct confined to cortical ribbon (GFAP), patient 12.
(D) Meningeal arteriolar intimal hyperplasia with thrombotic microaniopathy and recanalization, patient 12. (E)
Meningeal arteriolar intimal hyperplasia in vessel not overlying a cortical infarct, patient 2. (F) Deep cerebral cor-
tical vessels with fibrous webs and thrombotic microangiopathy with recanalization, patient 12 (courtesy of Dr.
Michael Hughson). (G. A. McCarty, Indiana University APS Database, IUMC Photography Department, and Matrix
Digital Photography, Inc., Indianapolis, IN.)



tively]. TMA characterized all the reports and significant endothelial cell changes
were apparent [13, 25, 41, 61–64]. 

Intra-luminal platelet deposition in cerebral vasculopathy is important, and only
recently have CNS lesions been identified with characteristic TMA changes in
murine models of APS [65, 66]. Two patients have recently been seen at IUMC with
multiple isotype aPLs to PE whose review of nerve biopsies previously read as
normal were shown to have classic TMA in arterioles (data not shown); their diag-
noses were chronic demyelinating immunologic peripheral neuropathy (CDIP) but
they both have multiple criteria for 1° APS [31]. Patient 17 [Fig. 28.8(C,F)] is a
neonate with unilateral cutaneous gangrene and 4 digital infarctions requiring
amputation due to maternal APS that was not recognized despite maternal–fetal
TCP and LR; muscular infarction due to TMA and subsequent necrosis is depicted
from hand muscle biopsy, but the digital arteries were not examined distally. Both
her mother and this baby girl had antibodies to aCL, PE, and LA.

Vascular Pathology in Other Organs

Isolated reports of TMA and endothelial cell changes with and without fibrin stain-
ing have been reported in other organs; an arterial occlusion in APS causing large
bowel infarction similar to the gross aortic/mesenteric arterial occlusive disease as
shown in patient 13 [Fig. 28.8(A,D)] who had SLE and APS, and died of bowel gan-
grene; a patient with 1° APS and giant ulcerations with a lymphocytic infiltrate in
involved areas near an ulceration, but also around vessels not underlying an ulcer
[67–69]. A 26-year-old black patient with known SLE presented to our institution
with nausea, vomiting, diarrhea, and increasing abdominal discomfort during a
period of lupus disease quiescence, but a prior history of Class IV nephritis previ-
ously successfully treated with steroids, immunosuppressives, and hemodialysis.
Thrombosis of her shunts was attributed to dialysis; additional history suggested
migranous headaches, but she had no recurrent fetal losses. Due to a change in her
abdominal computed tomography (CT) scan suggesting jejunal wall edema but not
increasing pain, she was taken to surgery before an IV steroid trial, and Figure
27.10(A–F) shows her jejunal vascular pathology. She had a spectrum of reactive
angioendotheliomatosis, fibrin thrombi, acute inflammatory perivasculitis, and
vessel wall involvement in areas of hemorrhage due to her lupus enteritis, and some
early foamy cell changes suggesting the possibility of early atheromatous disease.
She had no clinicoserologic disease activity, making systemic vasculitis unlikely and
was on maintenance steroids and off immunosuppressives and hemodialysis with
stable proteinuria. In vessels not shown, she had arteriolar thickening but no dis-
crete plaques [5]. TMA was present in varying stages in areas clearly not related to
the margins of her surgery, and retrospectively she had shortened aPTTs consistent
with anti-prothrombin antibodies and concurrent aCL [70, 71]. Adrenal
insufficiency due to vessel thrombosis, hemorrhage, and eventual atrophy with anti-
bodies to aCL primarily are becoming increasing recognized in APS patients pre-
senting with fatigue and weakness, and a high index of suspicion is needed for
appropriate diagnosis: high resolution CT is diagnostic so laparoscopy is often
avoided [72]; bladder infarction in a patient with criteria for 1°APS and antibodies
to aCL [73], and lastly, pituitary vascular infarction resulting in a maternal death
due to TMA and antibodies to aCL [74].
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Prospectus

The spectra of vascular pathology in APS likely reflects the time course of initial
versus chronic vascular injury, host response to immunologic perturbance, and the
continual adjustment from a prothrombotic to nonthrombotic milieu of endothelial
cells and platelets [reviewed in 1, 3, 5, 9, 75, 76]. Platelet activation, generation of
platelet and endothelial cell microparticles due to vascular injury TMA has been
considered to be the hallmark pathologic finding for APS [75]. aPLs circulate sys-
temically yet cause antibody-mediated thrombosis only at certain times in certain
vessels, which is the concept of the “systemic defect–local phenotype” paradox that
has been recently elucidated from the cerebro-vascular standpoint in that there are
locally determinative variables that result in a procoagulant or anticoagulant phe-
notype [reviewed in 76]. That vasculitis and perivasculitis can occur with APS, even
in primary forms, or where autoantibodies are directed to phospholipids other than
cardiolipin, is apparent in these cases and from the literature; however, tight corre-
lation with levels of aPLs at the time of investigation is not always demonstrable,
and might likely reflect the finding that antibodies to phospholipids are enriched in
circulating immune complexes found in APS patients [77]. That aPLs are present on
the average approx 3 years prior to the first thrombotic event and thus are con-
tributing to cumulative vascular damage has elegantly demonstrated in a well-
powered longitudinal study of SLE and APS patients using gold-standard testing
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D E F

Figure 28.10. Jejunal vascular pathology. (A) Mucosal ischemic necrosis and inflammation with fibro-inflammatory
debris and intra-mucosal fibrin deposition, sub-mucosal edema, and congestion is present, along with fibrin thrombi
and fibrinoid necrosis of small vessels. (B) No apparent vasculitis in vessels outside of areas of hemorrhage.
(C, D) Vasculopathy due to lupus enteritis and APS. (E, F) Endothelial cell intimal edema, hyperplasia, with vaso-

occlusion due to foamy cells suggestive of atheromatous changes (no lipid stains done). No ulcerated atheromatous
plaque was found in serial sections. Reactive endotheliomatosis is present (courtesy of Dr. Nancy S. Miller).



[78]. Because endothelial cell phenotypes differ, and there is an emerging concept
that anti-endothelial cell antibodies as being directed against microvascular versus
macrovascular endothelia, more studies into the longitudinal evaluation of
endothelins, adhesion molecules, and monocyte-tissue factor expression upregula-
tion also likely contribute to the ultimate expressions of immune mediated vascular
injury, thrombosis, inflammation, and repair, but at least in treated APS pregnan-
cies, evidence of globally elevated endothelial cell activation markers did not define
disease [80, 81]. In in vivo thrombosis and microcirculation models testing patient-
derived monoclonal aCLs, increased leukocyte adhesion to endothelial cells was
noted versus controls, and there was enhanced expression of VCAM-1 [82]. Thus,
there is a theoretic basis for involvement of inflammatory cells in APS related
pathology that is not merely due to immune complex mechanisms. Human mono-
clonal aPLs have been shown by functional assays using atomic force microscopy to
disrupt the protective annexin A5 shield on phospholipids bilayers in one labora-
tory [83]. Monocyte chemoattractant protein-1 are induced by aPLs on human vas-
cular endothelial cells incubated with IgG–APS or monoclonal aCL, and the serum
levels correlated with IgG aCL titers in 75 SLE patients; downregulation of mRNA
expression was noted with steroid treatment [84]. Recent attempts at characterizing
the upstream events in endothelial cell signaling using anti–â2-glycoprotein I on
human microvascular endothelial cells cleverly made as dominant-negative con-
structs of Delta TRAF2, TRAF6, MyD88 showed that anti–â2-glycoprotein I react
with antigens associated with members of the TLR/IL-1 receptor family on the
endothelial surface and directly induce activation [85]. These exciting findings offer
future diagnostic and possibly therapeutic avenues, and hopefully will lead to the
development of better characterization of local endothelial cell phenotypes that
might be exploited for more specific diagnostic pathology. That aPLs have a role in
atherogenesis via interactions with oxidized low-density lipoprotein, and the modu-
lation of aPL atherogenic potential via statins with attendant decrease in vaso-
occlusive disease morbidity and mortality in SLE and APS are emerging areas [86,
87]. The saga of new aPLs such as anti-prothrombin associated with enhanced
endothelial cell binding challenges our thinking as this aPL shortens not prolongs
coagulation times [88]. A recent review of the multiple mechanisms by which aPLs
cause vasculopathy is offered [89]. Future histopathology in APS should benefit
from new phenotypic and molecular/biomarkers for further characterization and
understanding of microvascular events as knowledge progresses.
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29 Placental Pathology in Antiphospholipid
Syndrome
Ann L. Parke

Introduction

Autoimmune disease, both organ and non–organ specific is associated with
increased fetal wastage and/or infertility [1–3]. Fetal wastage was one of the earliest
clinical features recognized as part of antiphospholipid syndrome (APS) [4–6] and
even though the pathogenesis of APS fetal loss is not completely understood, it
appears to be a consequence of placental failure as fetal abnormalities are rarely
found. Failure to complete pregnancy successfully is one of several criteria used to
define APS [7] .

Both early recurrent and late unexplained pregnancy failure are now recognized
as clinical features of APS. Ware Branch has suggested that fetal wastage should be
divided into pre-embryonal, embryonal, and fetal (more than 10 weeks’ gestation),
and has concluded that more than 70% of fetal wastage (more than 10 weeks’ gesta-
tion) occurs in women with APS [8]. Fetal wastage in normal women who happen to
have antibodies to negatively charged phospholipids is about 10% [9], but women
with APS can expect a fetal loss rate of 80% [10]. Many of these women will experi-
ence recurrent fetal wastage with some of them never successfully completing preg-
nancy [11]. Other obstetric problems that occur in patients with APS include
prematurity and pre-term delivery (less than 36 weeks’ gestation) as well as intra-
uterine growth restriction (IUGR) and hypertension including pre-eclampsia and
toxemia of pregnancy [11–13].

For pregnancy to proceed normally the placenta must be allowed to develop and
grow appropriately so that an adequate blood supply is available to support and
promote the growth of the developing fetus. Failure of the normal uterine physio-
logical changes to occur and the development of intra-placental pathology will
ensure placental insufficiency and the features that accompany a failing placenta,
that is, intra-uterine growth retardation, pre-term delivery (prior to 36 weeks’ gesta-
tion), pre-eclampsia, and toxemia of pregnancy. All of these clinical features occur
more frequently in APS than in normal pregnancies [11–13], although a recent
study of women with a previous history of pre-eclampsia did not find aPL more fre-
quently in those women who developed recurrent pre-eclampsia in a subsequent
pregnancy [14].

These clinical associations as well as the recurrent fetal loss suggest that there
may be multiple pathologies that complicate and disrupt pregnancy in patients with
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phospholipid antibodies. This chapter will describe the known pathological changes
that have been described in the placentas of patients with APS, and will discuss the
potential mechanisms that may contribute to this pathology.

Antiphospholipid Syndrome

The basic pathological process found in APS is that of a bland thrombosis in both
the arterial and venous systems [15]. Even though this syndrome is almost certainly
an antibody mediated process, thrombosis is the primary pathology. Animal studies
reproducing human disease using passive immunization with aPL-positive
immunoglobulin [16, 17] and active immunization with β2-glycoprotein I [18, 19]
suggest that these antibodies are directly involved in the thrombotic process.

The precise pathogenesis of the thrombotic diathesis associated with aPL remains
unknown. It is now known that certain proteins are required as co-factors for the
binding of antibody to negatively charged phospholipid and that some of these
protein co-factors are natural anticoagulants [20, 21] or components of the coagula-
tion cascade [22]. The recognition that some aPL require a protein co-factor to
augment binding to phospholipid antibodies has helped explain some features
[20–22]. However, as it is apparent that these antibodies are a family of antibodies
[23] and that the required proteins can also vary [20–22], it would seem that one
explanation for the thrombotic diathesis probably will not suffice. A full discussion
of the potential prothrombotic mechanisms in aPL is presented in other chapters in
this book and will not be presented here.

Approximately 50% of patients with APS who have experienced a clinical throm-
bosis will re-thrombose [24, 25], and several retrospective studies have suggested
that the only way to prevent re-thrombosis in APS patients is to treat these patients
with high dose, life long anticoagulation [25, 26], although a recent study has sug-
gested that international normalized ratios (INRs) less than 3 may be adequate [27].
Some patients have persistent aPL for many years and yet they only develop clinical
thrombotic events when they are exposed to certain pathological or physiological
events. This has lead to the concept that a “second hit phenomenon” is needed in
these patients. We feel that it is extremely important to identify specific known trig-
gers for specific patients (Table 29.1). One of these known triggers is pregnancy and
the postpartum period, a complication which makes pregnancy a rather dangerous
time for patients with APS. Some patients only thrombose when they are pregnant,
or during the postpartum period [29], whereas others will re-thrombose recur-
rently. Seventy percent of those that re-thrombose do so on the same side of the
vascular tree [25, 26].

Table 29.1. Triggers for thrombosis in antiphospholipid antibody syndrome patients.

Pregnancy and postpartum state

Oral contraceptives

Lupus flares in patients who also have SLE

Infection

Elective surgical procedures

Invasive vascular studies, i.e., cardiac catherization
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The factors that determine whether women with aPL will have a problem suc-
cessfully completing pregnancy are not clear. Previous studies have determined that
previous fetal losses and aPL predict poor fetal outcome in lupus patients [30]. Our
study, which addressed the prevalence of aPL in women with recurrent fetal
wastage, normal mothers, and women who had never been pregnant, showed that
women with more than 1 positive test for aPL are more likely to experience fetal
wastage especially if they have high liters of IgG aCL [31]. Others have shown that
antibodies to high levels of IgG aCL and a lupus anticoagulant (LA) are also predic-
tors of problems with pregnancy [13, 32].

Uterine Physiological Changes of Pregnancy

Many physiological changes must occur to allow the fetal semi-allograph to persist
and grow [33]. Implantation of the blastocyst begins at the end of the first week and
is completed by the end of the second week. Hertig estimated that only 58% of
implanted blastocysts survived to the end of the week 2 [34] and spontaneous abor-
tions continue with chromosomal abnormalities accounting for at least 61% of these
losses [35].

Part of the implantation process involves syncytiotrophoblast invasion and
erosion of maternal endometrial blood vessels, resulting in the development of a
utero-placental circulation. Exactly how the invading trophoblast induces these
changes in the maternal vasculature is not well understood, but the uterine spiral
arteries develop changes in the endothelium with disruption of the smooth muscle
layers and endovascular trophoblast can be found in the lumen of these arteries [36,
37]. Ultimately, the trophoblast become incorporated into the wall of the vessel
which has now become a thin walled dilated vascular channel that ensures an ade-
quate blood supply for the developing fetus. The lack of muscle in these modified
arteries means that these vessels no longer respond to maternal vasoactive stimuli,
thereby ensuring a continues blood flow to the fetus [38].

These vascular changes have been termed “physiological change” and “lack of
physiological change” or “decidual vasculopathy” has been found to be a significant
placental feature in certain diseases, for example, toxemia of pregnancy, intra-
uterine growth retardation, pre-eclampsia, and eclampsia [39–41].

Placental Pathology

Placental Pathology in Systemic Lupus Erythematosus 

Fetal wastage is increased in patients who have systemic lupus erythematosus (SLE)
[42, 43] and it has been determined that disease activity at the time of conception or
throughout pregnancy is one of the most important factors contributing to the
observed increase in fetal losses [42, 43]. This is so much of a problem that we
advise our patients to plan for months ahead prior to conception and prefer that
they have an inactive disease for approximately 6 months before attempting to
become pregnant. SLE can also flare during pregnancy [44, 45] and it is our policy
in SLE patients who become pregnant on anti-malarial drugs, for example, hydroxy-
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chloroquine, to maintain these medications, as it has been determined that stopping
anti-malarial drugs can provoke a flare of disease [46, 47] and therefore put the
pregnancy at risk.

The pathological changes found in the placenta of SLE patients reflect the
inflammation of the underlying disease, with deposition of antibodies and
immunoglobulin in various parts of the placenta, including the trophoblast and the
trophoblast basement membranes [48]. Lupus placentas are small, and demonstrate
placental infarction, decidual vessel thrombosis, atherosis of uterine vessels (Fig.
29.1), chronic villitis and intervillisitis (Fig. 29.2), and lack of physiological change
[49, 50]. A prospective study by Hanly et al determined that lupus placentas were
smaller than normal and that low placental weight correlated with active SLE, LA,
thrombocytopenia, and hypocomplementemia. Fetal loss was not always associated
with reduced placental weight, but did correlate with the presence of a circulating
anticoagulant [49].

An earlier study by Abramowsky et al demonstrated a vasculopathy in decidual
vessels that included fibrinoid necrosis, subintimal edema, necrotic breakdown of
the vessel wall, and an infiltrate of cells with foamy cytoplasm, so-called atherosis
[50]. Similar changes have been found in the placentas from patients with eclamp-
sia, diabetes, and maternal hypertension [51]. In Abramowsky’s study, this decidual
vasculopathy correlated with late fetal death [50].

Placental Pathology in APS

Human Studies

Out et al studied placentas from patients who had experienced intra-uterine death,
some of whom had APS. These authors determined that in addition to areas of gross

Figure 29.1. Decidual vessel showing fibrinoid necrosis.



366 Hughes Syndrome

infarction that there was microscopic evidence of extensive villous ischemia in areas
of villous parenchyma that did not appear to be grossly infarcted. They also deter-
mined that so-called APS placental pathology could be found in patients that did
not have APS [52].

A recent study of 39 pregnancies occurring in 28 aPL-positive women determined
that excessive perivillous coagulation, avascular terminal villi and chronic villitis,
and utero-placental vasculitis were more common in patients with APS that were
being treated compared to patients who just had aPL antibodies but did not have
APS [53]. Multi-focal utero-placental thromboses were a significant feature in both
treated and untreated patients with APS [53–55].

In those SLE patients who also have APS, thrombosis and placental infarction
may be very extensive. This combination of inflammatory and thrombotic patholo-
gies contributes to the spectrum of obstetric problems seen in these patients includ-
ing pre-term birth, intra-uterine growth restriction, fetal wastage, and
pre-eclampsia [11–13].

University of Connecticut Experience

At the University of Connecticut Health Center, it has been our policy to examine all
placentas obtained from patients with SLE and patients with APS, and in multi-
parous patients to obtain the placentas from previous pregnancies. This practice
has given us vital information that has been used to determine treatment regimes in
subsequent pregnancies.

In order to examine these placentas, we have divided placental pathology into 3
main categories [56].

Figure 29.2. Placenta showing villitis and inter-villusitis.
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1. Coagulation abnormalities: This category includes evidence of utero-placental
vascular thrombosis, excessive perivillous deposition of fibrin, and intra-placen-
tal thrombosis in chorionic or fetal stem vessels.

2. Utero-placental vascular pathology and secondary villous damage: This category
includes lack of physiological change in the spiral vessels, fibrinoid necrosis, and
atherosis of the decidual vessels as well as utero-placental vasculitis. Lesions
considered to be a consequence of utero-placental vascular pathology include
abruption and infarction, fibrosis, and hypovascularity of villi. Also included are
syncytiotrophoblast knotting and cytotrophoblast proliferation.

3. Intra-placental vascular lesions including either thrombotic, vasculitic, atrophic,
or hyperplastic lesions in the chorionic vessels, fetal stem vessels, and the capil-
laries of the terminal villi.

Using these pathological categories we concluded that:

1. Thrombosis and infarction occur frequently in patients with APS (Fig. 29.3).
2. Treatment with anticoagulants, anti-inflammatory agents, and other therapeutic

agents was not able to completely prevent pathological changes in patients with
APS.

3. The pathological changes identified in one pregnancy generally would be
repeated in subsequent pregnancies in these patients with APS.

4. Some aPL patients who do not meet criteria for SLE also have placental vasculi-
tis as well as the more usual thrombotic pathology associated with APS.

These findings suggest that even in treated APS patients who successfully com-
plete pregnancy, the pregnancies are still abnormal as indicated by the persistence
of pathological changes found in these placentas. It is our impression that even
though these treated pregnancies may result in a live infant, the pathological

Figure 29.3. Thrombosed infracted villi in a patient with antiphospholipid syndrome.



processes are slowed down so that gestation can progress to the point where a viable
baby may be obtained. These placental studies also demonstrate the need for exami-
nation of previous placentas in these aPL patients as the original pathological
changes will be repeated in subsequent pregnancies, and suggest that in some
patients anticoagulation alone may be insufficient therapy to ensure a successful
pregnancy.

Potential Mechanisms for APS Placental Pathology

Defective Placentation

β2-glycoprotein I (apolipoprotein H) is the most studied of the protein co-factors.
This protein is a natural anticoagulant that inhibits platelet aggregation and inhibits
protein S binding to its binding protein C4Bp [57]. Several authors have suggested
that abnormalities of the protein C and protein S anticoagulant system may con-
tribute to the thrombotic diathesis known to be associated with aPL [58, 59]. In our
report we determined that some aPL patients have low levels of free protein S that
was not a consequence of antibodies to protein S or its binding protein [58]. These
low levels fell even further when patients became pregnant, a possible explanation
for the association of thrombosis with pregnancy that is well described in aPL
patients.

β2-glycoprotein I binds to endothelial cells and therefore may modulate endothe-
lial cell function [60]. A recent study has shown that aPL can activate endothelial
cells by binding to β2-glycoprotein I expressed on endothelial cell membrane [61].
Previous studies have demonstrated that sera from APS patients can modulate
prostacyclin production from endothelial cells [62, 63] and others have suggested a
cross-reactivity between aPL and anti-endothlial cell antibodies [64, 65]. Anti–β2-
glycoprotein I antibodies have been demonstrated to react with trophoblast cell
membranes and endothelial cell membranes in the placental villi of placentas from
aPL patients [66, 67].

Recent studies have confirmed these findings and have demonstrated that aPL,
both β2-glycoprotein I 1–dependent and β2 –glycoprotein I 2–independent, will bind
to trophoblast [68]. This binding increased with time and became maximal after 72
hours of incubation at a time when syncytium formation is occurring and exposure
of phosphatidyl serine increased. aPL binding also inhibited trophoblast invasive-
ness, measured using a Matrigel invasion assay, and reduced production of human
chorionic gonadotropin (HCG) from the cultured trophoblast cells [68]. Previous
studies had also demonstrated that affinity purified aPL could bind to normal term
placenta in a variety of places including trophoblast micro villous surface and
stromal and peri-vascular regions, and bind to a variety of placental proteins [69].
HCG release from cultured trophoblast cells, in response to gonadotrophin releas-
ing hormone (GnRH), is impaired in the presence of aPL sera [70] and other in vitro
studies have reported that aPL may affect cytotrophoblast by impairing fusion to
syncytical cells [71]. All of this work would suggest that aPL can directly affect pla-
cental development demonstrating that defective placentation as well as placental
thrombosis and infarction may contribute to the fetal wastage seen in patients with
APS.
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Annexins

Annexins are a family of proteins and have been determined to have a variety of
origins and a variety of functions and previous studies have demonstrated that
many members of this family inhibit phospholipase A2 and influence coagulation
pathways [72]. Annexin V is also known as a placental anticoagulant protein 1. This
annexin is also found in blood vessels, but is present in greatest amounts in the pla-
centa [73, 74].

Annexin V avidly binds to anionic phospholipids and thereby interferes with the
formation of thrombin by preventing the binding of activated Xa and prothombin
[75, 76]. Some studies have shown that annexin V and aPL compete for phospho-
lipid binding [77, 78], and it has been proposed that this could be a mechanism that
contributes to placental failure in patients with aPL.

In normal pregnancy, large amounts of annexin V are expressed on the apical
surfaces of micro villi of syncytotrophoblasts [79], probably in response to the
phosphatidyl serine that is also expressed on these apical membranes. Annexin V
clusters on exposed phospholipid [80] and forms a crystalline array, like a protec-
tive shield, over the exposed phospholipids [81, 82] and in this manner annexin V
protects these surfaces from normal coagulation processes. Annexin V is required
to maintain placental integrity in the mouse model, and treatment with annexin V
antibodies results in placental infarction and fetal wastage [83].

Rand et al postulated that as aPL and annexin compete for binding to phospho-
lipids, the presence of aPL could lead to disruption and displacement of the protec-
tive annexin V shield [84]. These authors in fact have demonstrated that the amount
of annexin V expressed on apical membranes of syncytiotrophoblasts is reduced in
placentas from APS patients compared to normal placentas [85] . In vitro co-cultur-
ing of placental villi from normal pregnancies with IgG fractions from APS patients,
aPL IgG, or monoclonal aPL antibodies resulted in a reduced expression of annexin
V on these normal placental villi [86].

Complement Activation

There is now evidence that complement activation contributes to aPL pregnancy
failure. Previous observations have show that mice deficient in Crry, a complement
regulatory protein that blocks activation of C3 and C4 [87], fail to complete preg-
nancy successfully [88]. The Crry –/– embryos are surrounded by activated C3 frag-
ments and polymorpho nuclear leukocytes. Additional proof that this fetal wastage
is due to complement activation is provided by the observation that in
Crry–/–C3–/– hybrid strains complete pregnancy successfully [88]. To demonstrate
that complement activation contributes to aPL fetal wastage, Holers et al produced
a murine model of aPL induced pregnancy loss by injecting pregnant mice with
human IgG that contained aPL. Pregnancy loss in this mouse model was prevented
by a Crry–Ig, a C3 convertase inhibitor that blocks activation of C3 by both classical
and alternate pathways [89]. Additional experiments revealed that aPL injected into
complement deficient pregnant mice did not produce the same fetal wastage that
occurred in normal mice injected with human aPL. Placental studies have revealed
focal necrosis, inflammation, C3, and human IgG deposition in aPL treated mice
which was not found in mice that also received that Crry–Ig [89].
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Complement activation usually results in inflammation and, as the thrombotic
diatheses found in aPL syndrome is typically a blood non-inflammatory thrombo-
sis, it suggests that the complement activation is responsible for pregnancy failure
by promoting other pathological changes.

Summary

It has become increasingly evident that there are a multitude of mechanisms
whereby aPL can prevent normal placental development and can cause significant
placental pathology. Placental thrombosis and infarction is only part of the story.
Analyzing previous placentas has been helpful as patients appear to repeat the same
pathological process in subsequent pregnancies, making it possible to tailor make a
therapeutic regime for individual patients. Only those patients that demonstrate
significant inflammation should be exposed to corticosteroids, particularly as our
studies demonstrated the most significant change in placental pathology occurred
in patients who had had active SLE in one pregnancy and inactive SLE in a subse-
quent pregnancy [54]. Anticoagulation does help some aPL patients successfully
complete pregnancy [90, 91], and should be used in any aPL patient that has sus-
tained a late fetal loss, that is, more than 10 weeks’ gestation, and who wishes to
attempt another pregnancy, but it is evident that some patients still do not success-
fully complete pregnancy even when fully anticoagulated throughout pregnancy.
We use hydroxychloroquine in some of these patients hoping for the additive
benefit of its antiplatelet effects as well as its anti-inflammatory properties.

Unfortunately it is still impossible to predict which patients will develop prob-
lems unless they have failed previous pregnancies [30]. We have seen patients with
consistently high titers of IgG aPL who successfully completed every pregnancy and
never developed a clinical thrombosis, failing to make criteria for APS. With the
recent realization that some APS patients may be “sero-negative” and not produce
the usual spectrum of aPL laboratory tests but complain of the usual aPL clinical
complaints [92], the situation becomes even more complicated.
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30 Antiphospholipid Syndrome – Experimental
Models: Insight into Etiology, Pathogenesis,
and Treatments
Miri Blank, Ilan Krause, and Yehuda Shoenfeld

Classical antiphospholipid syndrome (APS) – Hughes syndrome – is characterized
by the presence of antiphospholipid antibodies (aPL) which bind phospholipid
target molecules mainly via β2-glycoprotein I (β2-GPI), and/or lupus anticoagulant
(LA) associated with recurrent fetal loss, thromboembolic phenomena, and throm-
bocytopenia [1–4]. Recently, accumulated evidence suggest that APS is a systemic
autoimmune disease, associated not exclusively with coagulation failure or recur-
rent fetal loss but with many diverse clinical manifestations involving different
organs such as the heart, the brain, the adrenal, and the skin [4–6]. Several animal
models of APS have been used to address the mechanisms involved in the patho-
genesis, etiology, and novel treatments. The animal models resembling APS mani-
festations entail: (1) MRL/lpr [7, 8] or (NZWxBxSB)F1 mice [9] which develop APS
features on a genetic background; (2) passive transfer of aPL intravenously [10–13],
intraperitoneally [13], or intrathecally into naive mice [14]; (3) Active immuniza-
tion with aPL by idiotypic manipulation (e.g., a model based on Jerne’s theory of the
idiotypic network [15, 16]. Immunization of naive mice with an autoantibody (Ab1)
results in generation of anti-idiotypic antibody (i.e., Ab2) followed by generation of
mouse-anti-anti-idiotipic antibodies (i.e., Ab3). Ab3 may simulate Ab1 in its biolog-
ical properties. The generation of Ab3 is followed by the emergence of the full-
blown serological, immunohistochemical, and clinical manifestations of the
respective autoimmune disease [17–20]; (4) immunization of naive mice with the
autoantigen such as β2-GPI or its synthetic derivatives [8, 21]; (5) β2-GPI knockout
mice [22]; (6) mice deficient in complement C3 [12], ICAM-I, P-selectin [23], E-
selectin [24], apo-E [25], low-density lipoprotein (LDL)-receptor knockout mice
[26], and SCID mice [27].

Based on studies conducted in these APS animal models, in the current chapter
we will address the following topics: Reproductive failure caused by diverse autoan-
tibodies such as direct binding aPL [e.g., cardiolipin (CL), phosphatidylserine ((PS),
antibodies directed to β2-GPI, β2-GPI/PL, annexin V, and prothrombin].
Therapeutic approaches and mechanisms involving in modulating fetal loss in APS
experimental models will be presented as well [7–55]; thrombosis caused by aPL or
anti-prothrombin and its immunomodulation [55–63]; the origin of aPL and the
infectious etiology of APS [64–74]; aPL involvement in the pathogenesis of brain
heart and kidney [75–88]; athrosclerosisi and aPL [89–93].
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Reproductive Failure and Experimental APS

An experimental model of APS was induced in naive mice by passive transfer of
human polyclonal IgG fraction derived from a patient with primary APS, or a
mouse aCL/β2-GPI dependent monoclonal antibodies (mAbs) [10, 28]. The aCL/β2-
GPI were injected at different stages of pregnancy, resulting in lower fecundity rate,
increased absorption index of embryos (the equivalent of human fetal loss), lower
number of embryos per pregnancy, and lower mean weights of embryos and pla-
centa. The above findings were accompanied by a prolonged activated partial
thromboplastin time (aPTT) and thrombocytopenia [10, 28]. The passive transfer
model was confirmed by other groups addressing different pathogenic properties of
aPL such as mouse decidual necrosis [11] or placental thrombosis associated with
the fetal loss [12].

Induction of mouse anti–β2-GPI by immunization with β2-GPI [8, 21] or by idio-
typic manipulation [17–20], resulted in elevated percentage of fetal resorption,
deposition of anti–CL/β2-GPI on the affected placenta and the other experimental
APS findings as described for passive transfer [10, 28].

The importance of the β2-GPI molecule in supporting the outcome of normal
pregnancy was shown previously by oral tolerance induction to β2-GPI resulting in
prevention of fetal loss [29] and recently in β2-GPI knock out mice [22, 30]. In a
serial of studies, Krilis et al [22, 30], showed the physiological requirement for func-
tional β2-GPI in pregnancy by evaluating reproductive outcomes in β2-
GPI–deficient mice. The study showed that although mice lacking β2-GPI are fertile,
functional β2-GPI is essential for optimal implantation and placental morphogene-
sis [22, 30].

We investigated the pathogenic part in the aCL/β2-GPI immunoglobulins respon-
sible for the elevated fetal loss in naive mice [31]. In the past, we were able to isolate
mouse monoclonal pathogenic aCL/β2-GPI which cause reproductive failure and
aCL/β2-GPI mAbs which were not related to fetal loss from experimental APS and
lupus models [18]. In order to clarify which part of the aCL/β2-GPI Ig molecule has
the pathogenic potential, we constructed and expressed several single chain Fv
(scFv) of aCL/β2-GPI, exchanging heavy and light chains between the Ig which
caused fetal loss and the Ig which was not associated with reproductive failure [31].
All the expressed scFvs showed the same antigen binding properties as the original
mAbs. Replacement of the fetal loss related Ig VH domain, with the non–fetal loss
related VH, decreased the binding and avidity of the scFv to CL/β2-GPI and com-
pletely abrogated the anticoagulant activity. Exchanging the pathogenic aCL/β2-GPI
VH with anti-DNA VH resulted in a shift from aCL/β2-GPI to anti-DNA binding of
the scFv. Replacement of the pathogenic aCL/β2-GPI VL with a non-pathogenic VL,
did not affect the avidity of the scFv for CL/β2-GPI nor its anticoagulant activity.
BALB/c mice were immunized with either aCL/β2-GPI scFvs, or scFv resulting from
the replacement of the heavy and the light chains. The mice which were immunized
with scFvs developed the same clinical manifestations, as the mice immunized with
the original mAbs (elevated titers of mouse aCL/β2-GPI , associated with LA activity,
thrombocytopenia, and high percentage of fetal resorptions). Immunization with a
non-pathogenic aCL/β2-GPI–scFv did not lead to any clinical findings. Replacement
of heavy/light chains between the pathogenic fetal loss related and non-fetal loss
related Abs point to the importance of the heavy chain variable domains in the
pathogenic potential of aCL/β2-GPI associated with fetal loss [31].
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The mechanism of pathogenicity provoked by anti–β2-GPI was further analyzed
in vivo by Salmon et al [12, 32], proposing the requirement of Complement C3 acti-
vation. Employing the anti–β2-GPI passive transfer model, and the C3 complement
deficiency mice, they proved that anti–β2-GPI activate complement in the placenta,
generating split products that mediate placental injury and lead to fetal loss and
growth retardation [12, 32]. This group found that inhibition of the complement
cascade in vivo, using the C3-convertase inhibitor complement receptor 1–related
gene/protein y(Crry)-Ig, blocks fetal loss and growth retardation. Furthermore,
mice deficient in complement C3 were resistant to fetal injury induced by anti–β2-
GPI. The data showed that the complement inhibitor Crry-Ig protects mice from the
effects of human anti–β2-GPI. The author suggest that in vivo complement activa-
tion is required for anti–β2-GPI antibody–induced fetal loss and growth retardation.

Recently, anti–β2-GPI with prothrombotic properties induced intrauterine death
in naive mice put forward the thrombogenic mechanism as additional explanation
for reproductive failure in experimental APS [33].

Although aCL/β2-GPI was extensively studied in the context of fetal loss in differ-
ent APS experimental models, other aPL were addressed as well.

A significantly higher rate of fetal resorptions and a reduction in fetal and placen-
tal weight associated with placental necrosis was shown also in naive mice infused
with β2-GPI–independent human aCL IgG mAbs [34].

Normally, the cell membrane bilayer is asymmetric with anionic phospholipids,
particularly phosphatidylserine (PS), being sequestered in the inner leaflet through
the action of aminophospholipid translocase. The presence of PS in the outer leaflet
of the membrane occurs in 2 major instances: (a) During the early stage of the
apoptosis process a disruption of lipid asymmetry leads to exposure of PS on the
outer surface of the plasma membrane; (b) Placental trophoblast is the main organ
in which PS is highly exposed on the outer leaflet of the membrane. The PS is a
pregnancy supportive molecule, expressed on the trophoblast surface during dif-
ferentiation and invasion of the extracellular matrix [35]. aPS either passively
infused [36] or induced in naive mice by idiotypic manipulation [37], resulted in
elevated levels of fetal resorptions, thrombocytopenia, and prolonged coagulation
time.

During embryonic and placental differentiation, a disruption of the lipid asym-
metry occurs, leading to exposure of PS on the outer surface during the apoptotic
processes accompanying the trophoblast differentiation. Blockage of PS by hinders
syncytium formation, thus enforcing apoptosis [38].

Evidence suggests that aPS are particularly pathogenic to the trophoblast. This
pathogenicity could be explained by more than one mechanism, for example: (a)
Shading the PS on the trophoblast cells interferes with signaling which leads to
reduction in hCG production and invasion of the extracellular matrix to form the
syncytiotrophoblast [39]; (b) Prevention of annexin V binding to PS which was
shown to restrict intra-uterine growth [40]. As was demonstrated in vitro in a chori-
ocarcinoma model of trophoblast differentiation, this annexin V removal can facili-
tate the binding of prothrombin to the trophoblast surface and increase thrombosis
at the maternal–fetal interface [41].

Exposure of first trimester rat embryos to aPS mAbs in an ex vivo system caused
enhanced apoptotic processes in the yolk sac, resulting in inhibition of the yolk sac
growth and increase in apoptotic events of giant cells in the ectoplacental cone [42].
In vitro studies on the direct effect of aPS on human placenta showed that aPL,
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which are β2-GPI–independent, or directed against β2-GPI, decreased gonadotropin
secretion and the invasiveness of the trophoblast cells to the substrate in an ex vivo
human placental model [43]. Other studies have shown a strong cytotoxic reaction
against mouse trophoblast upon exposure to sera of women with recurrent sponta-
neous abortions that have high titers of aPS [43]. Moreover, aPS was shown to be
one of the main causes for implantation failure [44].

Annexin V (36 kD) is a calcium-dependent phosphatydilserine binding protein
that exhibits anticoagulant activity on binding to PS exposed on the activated sur-
faces of endothelial cells and platelets. It inhibits the activation of factor X and pro-
thrombin in the blood coagulation cascade. When PS is exposed on the surfaces of
endothelial cells and platelets, annexin V is thought to prevent concentration of
coagulant factors in PS-rich domains on cell surfaces and to amplify the coagulation
response. The placenta is rich with annexin V (250 mg/10 kg placenta). Annexin V is
localized on the microvillous surface of the syncytiotrophoblast because it binds to
the PS expressed on the external layer of the trophoblast plasma membrane. The
binding of annexin V to PS was postulated to protect the integrity of the placenta by
creating the antithrombotic shield. Annexin V is decreased on placental tro-
phoblasts and on endothelial cells in APS associated with pregnancy loss and with
thrombosis [45]. The presence of pathogenic IgG anti-annexin V/PS is a risk factor
for reproductive failures associated with early pregnancy loss or implantation fail-
ures [46].

A direct proof for the pathogenicity of anti–annexin V Abs came from studies in
which anti–annexin V antibodies infusion caused fetal loss and placental thrombo-
sis in the pregnant BALB/c mice [47]. Focal necrosis and fibrosis were present in the
decidua of placentas from embryos that were significantly smaller than the normal
embryos in the same uterus. Thus, replacing annexin V by aPS Abs for binding the
phospholipid membranes, or neutralization of annexin V by anti–annexin V Abs,
can interfere with 3 normal functions of the placenta: (a) Inhibition of intercellular
fusion of the trophoblast; (b) a decrease in trophoblast hormone production; or (c)
retardation in trophoblast invasion.

Recently, aPL mAb, annexin V dependent, induced fetal loss by passive transfer
to naive mice [48]. Its variable regions contained mainly 3 replacement mutations.
To clarify the role of these mutations in the pathogenicity of the antibody, the
aPL/annexin V dependent, were reverted in vitro to the germline configuration. The
resulting “germline” antibody reacted with multiple self-antigens, only partially lost
its reactivity against PL, but was no more dependent on annexin V, and more
importantly was no more pathogenic. This study illustrated that the in vivo antigen
driven maturation process of natural autoreactive B cells can be responsible for
pathogenicity.

The importance of T cells role in induction of experimental fetal loss on APS
background was proven by an induction of fetal loss by bone marrow transplanta-
tion from APS mice into naive mice [49]. A whole-population or T cell-depleted
bone marrow cells from mice with experimental primary APS were infused into
total body irradiated naive BALB/c recipient [49]. BM cells (in the presence of T
cells) had the potential to induce experimental APS in naive mice, which resulted in
high serum titers of aPL, an increased number of antibody forming cells specific for
phospholipids associated with clinical features of primary APS. T cell depleted BM
cells did not transfer the disease, pointing to the important role of T cells in the
development and transfer of experimental primary APS.
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Therapeutic Interventions in aPL Related Fetal Loss

Anti-thrombotic Treatments

Aspirin has significant antithrombotic properties, and regimens using aspirin were
suggested to be effective in protecting against fetal loss associated with APS.
Employing the model of passively induced APS it was found that aspirin treatment,
especially in low doses, significantly improved pregnancy outcome [49]. This was
manifested by fewer fetal resorptions and higher mean embryo weights. In a later
study it was shown that treatment of APS mice with thromboxane receptor antago-
nist caused significant reduction in fetal resorption rate, as well as increase in
platelet count and decrease in aPTT. Anticoagulation with heparin has already been
used to prevent fetal loss in pregnant women with APS. A potentially better prepa-
ration for use in pregnancy is low-molecular-weight heparin (LMWH). Comparing
the effectiveness of LMWH with regular heparin in the prevention of fetal resorp-
tion in mice with experimental APS, it was found that although heparin treatment
decreased the degree of fetal loss, LMWH was much more effective in this respect
[summarized in 50].

Bone Marrow Transplantation

APS mice which were transfused with BM cells (T cell depleted) from syngeneic
naive mice had reduced titers of aPL, which were related to depletion of antibody
forming cells in vivo, and reduced proliferative response of lymph node cells to
aCL mAbs. The recipients showed improvement in clinical parameters manifested
also by a reduced percentage of pregnancy loss following syngeneic BMT treat-
ment [50].

Oral Tolerance

Systemic tolerance to various Ags can be achieved by feeding with pathogenic pro-
teins. Feeding of BALB/c mice with low-dose β2-GPI at certain time points of experi-
mental APS development, had different effect on disease improvement [29]. The
serological and clinical markers of experimental APS were prevented when the mice
received orally β2-GPI before disease induction upon immunization with the
autoantigen. The treated group was characterized by low titers of serum anti–β2-
GPI and aCL in the sera, lack of fetal resorptions, low incidence of thrombocytope-
nia, and normal values of aPTT. β2-GPI given at an early stage of the disease
reduced the clinical manifestations. However, administration of β2-GPI 70 days
post-immunization, had a less significant effect on disease expression. Tolerized
mice exhibited diminished T lymphocyte proliferation response to β2-GPI in com-
parison to β2-GPI–immunized mice fed with Ovalbumin (OVA). When non-tolerant
β2-GPI–primed T lymphocytes were mixed with CD8+ T cells from the tolerized
mice, a significant inhibition of proliferation upon exposure to β2-GPI was
observed. The induction of suppression was β2-GPI -specific and antigen driven, as
well as transforming growth factor β (TGF-β) mediated. The β2-GPI specific
response of T lymphocytes from the β2-GPI fed mice was reversed by anti–TGF-β
Abs. The tolerance was adoptively transferred by CD8+ T cells from the tolerized
mice into naive mice. Those CD8+ cells were MHC class I restricted, found to secrete
TGF-β, and had no cytolytic activity. Oral administration of β2-GPI suppressed
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priming of CTLs in the recipient mice. Finally, β2-GPI–induced oral tolerance has
an immunomodulating effect in experimental APS, demonstrating the importance
of β2-GPI in the pathogenesis of the disease [29].

Intravenous immunoglobulins (IVIg) contain a wide spectrum of anti-idiotypes
associated with a variety of autoimmune diseases. Since part of these anti-idiotypes
may bear an internal image of the eliciting antigen, IVIg might be suitable for
induction of oral tolerance. Therefore, we attempted to induce tolerance in an
experimental model of APS by oral administration of IVIg [51]. Experimental APS
was induced by active immunization with β2-GPI. Naive mice were fed with IVIg, as
a whole molecule, F(ab)2 or Fc fragments. In a parallel set of studies, mice were fed
with anti–β2-GPI–specific anti-idiotypic IVIg [IVIg(αId)]. Feeding was performed
before APS induction, at early or late stages of the disease. Significantly diminished
humoral response was noted in the groups of mice tolerized with IVIg either as a
whole molecule or with IVIg-F(ab)2 fragments, accompanied by a significant attenu-
ation of clinical manifestations. The maximal effect was achieved in the mice toler-
ized before disease induction, resulting in a disappearance of autoantibodies and
normalization of clinical parameters. A significant improvement in the serological
and clinical parameters was also noted in mice fed at an early stage of experimental
APS. Abrogation of T lymphocyte proliferation to β2-GPI was detected in the mice
fed with IVIg prior to β2-GPI immunization, mediated by TGF-β1 and IL-10 secre-
tion. The effect of IVIg feeding was non-specific because similar inhibition of T-cell
proliferation was observed in IVIg-fed mice immunized with OVA. The tolerance
induced by IVIg feeding could be adoptively transferred to syngeneic mice by CD8+

cells, which were found to secrete high levels of TGF-β1 and IL-10. Similar
inhibitory effect was observed for anti-OVA levels in OVA-immunized mice. The
same set of studies, conducted with anti–β2-GPI–specific anti-idiotypic IVIg
resulted in tolerance induction that was specific for β2-GPI immunized mice, point-
ing to idiotype–anti-idiotype reactions mediating the tolerance induced by IVIg.
Hence, IVIg induced oral tolerance has a non-specific immunomodulatory effect in
experimental APS, mediated by TGF-β1 and IL-10-secreting CD8+ cells. Our results
point to a possible application of IVIg in the induction of oral tolerance against
various autoimmune diseases.

β2-GPI Related Synthetic Peptides

Using a peptide phage display library, we identified 3 hexapeptides that react
specifically with the anti–β2-GPI mAbs ILA-1, ILA-3, and H-3, which cause endothe-
lial cell activation and induce experimental APS [52]. Treatment of APS mice with
the synthetic peptides, neutralized the pathogenic anti–β2-GPI Abs endothelial cell
activation manifested by prevention of adhesion molecules expression such as
ICAM-I, P-selectin, E-selectin, and inhibition of monocyte adherence to endothelial
cells [52]. The specific anti–β2-GPI biological function neutralization by synthetic
peptides was further proven by prevention of fetal loss and coagulation in a mouse
APS model [51]. Moreover, in vivo subjection of β2-GPI related synthetic peptides
as monvalent or as branched peptides as tetravalent or octavalent, to APS mice,
improved the fetal loss, most prominent in the group treated with branched octava-
lent form of the β2-GPI synthetic peptide [50]. Multivalent β2-GPI–related peptide
treatment in rat immunized with the peptide, induced B cell tolerance of an anti-
peptide immune response [53].
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Immunomodulation by Abs

Administration of specific anti-idiotypic Abs to aCL/β2-GPI was found to be effec-
tive, resulting in attenuation of clinical and serological manifestation of experimen-
tal APS [50]. The anti-idiotypic treatment was associated with a shift from Th2 to
Th1 immune response, characterize by a rise in the level of Th1-related cytokines in
the sera of the treated mice and decrease in Th2-related cytokines. Furthermore,
elevation in the number of IL-2 and IFN-γ secreting cells (Th1) and elimination of
the IL-4 and IL-6 secreting cells (Th2), was noticed in the APS treated mice, sup-
porting the role of Th1 cytokines in suppression of idiotypic-induced APS manifes-
tations. Intravenous immunoglobulins (IVIg) have been reported to be effective in
treating several autoimmune diseases. Treatment of APS mice with IVIg resulted in
a complete clinical, serological, and pathological remission, including fetal loss.
Inhibition studies pointed to the presence of anti-idiotypic activity to aCL/β2-GPI in
the IVIG preparation [50]. Furthermore, in a set of preliminary experiments, a frac-
tion of IVIg specific for anti–β2-GPI Abs (anti-anti-β2-GPI anti-idotypic IVIg), was
subjected to naive mice induced by passive transfer of human anti–β2-GPI Abs,
resulted in prevention of fetal loss and other APS manifestations (in preparation).

Similarly, treatment with anti–CD4 mAbs prevented the appearance of clinical
manifestations of experimental APS manifested by pregnancy loss, especially when
the Abs were administered early in the course of the disease [50].

Interleukin-3

Treatment of pregnant mice with murine recombinant IL-3 resulted in abrogation
of fetal loss, as well as by normal platelet count [50]. Ciprofloxacin, a potent antibi-
otic agent of the quinolone family, which enhances production of IL-3 in irradiated
mice, was found to prevent pregnancy loss, as well as other clinical manifestations
of APS [summarized in 50]. The effect was probably mediated via increased IL-3
and GM-CSF expressions, manifested by elevated levels of IL-3 in the sera and
increased IL-3 mRNA transcription in splenocytes. GM-CSF increased expression
was documented by elevated titers in the sera and enhanced number of colony
forming cells in the bone marrow.

Bromocriptine

Bromocriptine (BRC), which inhibits the secretion of prolactin and has immunoreg-
ulatory properties [50], was found to suppress experimental APS, leading to a
marked reduction of autoAbs level accompanied by disappearance of clinical and
pathological manifestations of the disease. The effect of BRC was mediated through
the induction of natural nonspecific CD8 suppressor cells [49]. This effect was
related to enhancement of IL-3 expression because high level of the cytokine was
found in the sera of ciprofloxacin treated mice, compared to control group.

TNF-α DNA Vaccination

TNF-α is an immunomodulatory cytokine predominantly produced by Th1 cells as
well as mononuclear phagocytes, B cells, and natural killer cells. Although its com-
plete biological function is not clear, its proinflammatory and prothrombotic
actions are well recognized, pointing to its potential role in the pathogenesis of APS
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manifestations. Thus, inhibition of TNF-α activity may effectively attenuate or even
prevent the development of experimental APS. We introduced naked DNA encod-
ing TNF-α to BALB/c mice with experimental APS, which resulted in the generation
of immunological memory to its gene product, associated with elevated circulating
anti–TNF-α Abs [54]. Enriched IgG fraction of the mouse anti–TNF-α was biologi-
cally active because it prevented endothelial cell activation by TNF-α, for example,
inhibition of monocyte adhesion to activated endothelial cells (HUVEC). Mice
immunized with β2-GPI, vaccinated with TNF-α DNA at an early stage of the
disease, showed decreased titers of circulating anti–β2-GPI Abs as compared to the
group of mice vaccinated with a control naked DNA. The reduction of aPL produc-
tion was followed by amelioration of the fetal loss, increased platelet count to
normal values as well as normalization of the prolonged aPTT. APS mice which
were introduced to the TNF-α DNA vector at a later stage of the disease develop-
ment, showed less improvement in their clinical manifestations. This study suggests
a way in which a DNA vaccine can be employed for induction of a protective immu-
nity in experimental APS.

Omega-3 (ω-3) Diet

The immunomodulatory potential of a diet enriched with ω-3 polyunsaturated
fatty acids derived from linseed oil, was analyzed in naive mice with experimental
APS provoked by active immunization with anti–β2-GPI mAb [55].
Downregulation of the disease severity was noticed in the ω-3 treated mice, shown
by reduced cellular and humoral activities like T cell response to the idiotype,
mouse anti–β2-GPI production on the single cell level and circulating autoanti-
bodies. Fetal loss and other clinical manifestations of APS were improved in the ù-
3 fed APS mice [54]. Several mechanisms were addressed in the literature
explaining the beneficial effect of ω-3 in autoimmune state: (a) as the concentra-
tion of dietary ω-3 increases, a concomitant decrease of ω-6 metabolites take
place. This is consequent to the inhibition of the prostaglandin synthetase
complex and due to the reduced amount of arachidonic acid available as a sub-
strate. (b) Alteration in the plasma-membrane viscosity. (c) Ability to reduce
platelet adhesiveness and aggregation. (d) Immunomodulate cytokine production
such s IL-1, TNF-α on the level of mRNA and protein synthesis.

Thrombosis Caused by aPL or Anti-prothrombin and
Immunomodulation

aPL and Thrombus Formation

Pierangeli et al [56–58] employed a mouse model of induced venous thrombosis to
elucidate the thrombogenic role of aPL in vivo. The model allows continuous and
quantitative monitoring of focally induced, non-occlusive mural thrombus of a
mouse femoral vein. The animal is anesthetized, femoral vein minimally mobilized,
and subjected to a standardized “pinch” injury to induce thrombosis. The vessel is
trans-illuminated using acrylic optical fibers connected to a light source, and clot
formation and dissolution are visualized by a standard surgical microscope equipped
with a video camera, video recorder, and computer assisted analysis system.
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Employing this model, CD1 mice were intraperitoneally injected with either
immunoglobulins derived from APS patients or healthy controls, while monitoring
the size and dynamics of thrombus formation or disappearance [56, 57]. It was found
that Ig from APS patients, or affinity purified aCL of IgG and IgM isotypes enhanced
significantly the thrombus area and the mean disappearance time, indicating that
aCL play a role in thrombus formation. To investigate whether the thrombogenic
effect of aPL is due to their aPL or their anti–β2-GPI activity, mice were injected with
either aCL or anti–β2-GPI Abs [59]. It was shown that the size of the thrombus in
animals injected with murine aCL was larger than that in control groups, while there
was no difference in thrombus kinetics between anti–β2-GPI injected mice and con-
trols, indicating that murine aCL, but not anti–β2-GPI Abs, were thrombogenic in
vivo [59]. Trying to decipher the mechanisms involved in this aPL–thrombus forma-
tion, the contribution of adhesion molecules to thrombus formation was addresses
in mice [23, 24]. The dynamics of thrombus formation and the number of adhering
leukocytes were studied in ICAM-1-deficient [ICAM-I(-/-)] mice or ICAM-I-/P-
selectin-deficient [ICAM-I(-/-)/P-selectin(-/-)] mice treated with affinity-purified aPL
IgG-APS or with control IgG and compared with wild-type mice treated in a similar
fashion [23]. The data indicate that ICAM-I, P-selectin, and VCAM-I expression are
important in thrombotic complications by aPL [23]. Infusion of the mice with
anti–VCAM-I antibodies significantly reversed the enhanced adhesion of leukocytes
and thrombus size in mice treated with aPL IgG-APS. Furthermore, aPL increased
significantly the number of adhering leukocytes to endothelial cells in vivo in
C57BL/6 J mice when compared to IgG-NHS treated mice [24]. This effect was abro-
gated in E-selectin–deficient mice. This enhancement in thrombus size by aPL anti-
bodies was abrogated in E-selectin–deficient mice treated with aPL [24].

Therapeutic Interventions in aPL Related Thrombus Formation

This ex vivo “pinch”–thrombus formation model was used as a tool to test diverse
therapeutic modalities.

Hydroxychloroquine

The anti-malarial drug hydroxychloroquine has been used successfully in preven-
tion of post-operative thrombosis and in treatment of patients with SLE or APS.
Mice treated with hydroxychloroquine had significantly smaller thrombi that per-
sisted for a shorter period of time compared with animals treated with placebo [60].
In order to explore the mechanism involved in this antithrombotic activity, the
effects of hydroxychloroquine on activation of platelets by aPL in the presence of a
thrombin agonist was studied. Human platelets were exposed in vitro to aPL in the
presence of thrombin agonist receptor peptide (TRAP). The changes in the expres-
sion of GPIIb/IIIa (CD41a) and GPIIIa (CD61) on platelet membrane were used as
indicators of platelet activation. The effects of aPL and TRAP on expression of
platelet surface markers of activation was completely abrogated by hydroxychloro-
quine in a dose-dependent fashion [60].

Treatment with IVIg

The potential mechanisms of action of IVIg in the same model has also been exam-
ined [61]. Mice infused with human aCL enriched IgG fraction were treated with
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IVIg, saline, or OVA. IVIg treatment inhibited aCL induced endothelial cell activa-
tion and enhancement of thrombosis in mice passively infused with human aCL,
associated with a decrease in aPL levels. Similarly, IVIg lowered aPL levels and
inhibited thrombogenesis in mice immunized with β2-GPI. It was also shown that
blockade of stimulatory Fc gammaR on inflammatory cells is not necessary for this
effect. The mechanism of action of IVIg is more likely saturation of the IgG trans-
port receptor, leading to accelerated catabolism of pathogenic aPL.

Treatment with Synthetic β2-GPI Related Peptide

Recently, one of the β2-GPI derived peptide – NTLKTPRVGGC (named peptide A),
showed previously to inhibit fetal loss [52], reversed thrombus formation in mouse
APS model [62]. CD1 mice were injected with affinity purified aPL or with control
IgG-NHS twice intraperitoneally. Seventy hours after the first injection, and 30 min
before the surgical procedure (induction of experimental thrombus), mice were
infused IV in each group with either peptide A or with a scrambled form of peptide
A. The femoral vein of the anesthetized mice were dissected to examine the dynam-
ics of an induced thrombus in treated and control mice. The mean aCL titer of mice
injected with aPL was 60 G phospholipid (GPL) units. Mice treated with aPL and
infused with a control scrambled form of peptide A produced significantly larger
thrombi when compared to mice treated with IgG-NHS and peptide scA (2466 ±
462 ìm2 vs. 772.5 ± 626.4 ìm2). Treatment with peptide A significantly decreased
thrombus size in mice injected with aPL antibodies (1063 ± 890 ìm2 compared to
2466 ± 462 ìm2 ). This may have important implications in designing new modalities
of prevention and/or treatment of thrombosis in APS.

Anti-prothrombin and Thrombus Formation

The role of anti-prothrombin Abs in inducing thrombosis and other clinical mani-
festations of APS was evaluated [63]. Thrombosis was studied in a novel ex vivo
model in which the aorta was sutured for 1 minute and the presence or absence of
visible thrombus was qualitatively evaluated. Mice were immunized with either pro-
thrombin, β2-GPI, or β2-GPI followed by prothrombin. The groups immunized with
β2-GPI or β2-GPI/prothrombin, but not with prothrombin alone, developed pro-
longed aPTT, thrombocytopenia, and increased fetal resorption rate. All prothrom-
bin-immunized mice as well as most β2-GPI/prothrombin–immunized mice
developed visible thrombus within the aorta. Some β2-GPI–immunized mice devel-
oped very mild thrombus.

Origin of aPL and the Infectious Etiology of APS

The β2-GPI molecule is an ubiquitous molecules. Several pathways were proposed to
explain the generation of anti–β2-GPI Abs: (A) Exposure of hidden epitopes or
neoepitopes as adducts of oxidized phospholipid associated proteins, including β2-
GPI molecule [64, 65]. (B) Oxidized form of β2-GPI undergo conformational changes
presenting neoepitopes which may induce anti–β2-GPI Abs [64, 65]. (C) Presentation
of β2-GPI molecules on apoptotic cells via binding to phosphatidylserine, could
induce B cells with immunoglobulin receptors for apoptotic cells and DNA which
are positively selected and could cause generation of anti–β2-GPI in the appropriate
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condition [66, 67]. Infusion of BALB/c mice with β2-GPI–bound apoptotic cells,
induced the generation of mouse aPL/β2-GPI, suggesting that cell-bound β2-GPI is
the true immunogen for production of aPL. The induced aPL reacted with murine, as
well as bovine β2-GPI, suggesting that heterologous β2-GPI bound to apoptotic cells
can break tolerance and induce auto-antibodies reactive with autologous β2-GPI.
This phenomenon was later proven in naïve mice immunized with human β2-GPI
generated Abs reactive with human, bovine, and murine β2-GPI [68]. The loss of tol-
erance to mouse β2-GPI was attributable to the high interspecies homology of β2-
GPI. (D) During the last years, the infectious origin of APS was proven to be one of
the explanations for generation of anti–β2-GPI Abs by sharing molecular mimicry
with common bacteria or with CMV derived synthetic peptide [69–74].

Previously, using a hexapeptide phage display library, we identified 3 hexapep-
tides that react specifically with the anti–β2-GPI mAbs , which cause endothelial cell
activation and induce experimental APS [52]. All the 3 peptides specifically inhibit
both in vitro and in vivo the biological functions of the corresponding anti–β2-GPI
mAbs. These peptides were capable of preventing fetal loss in experimental model of
APS [52] and 1 of the peptide (peptide A) inhibited thrombus formation in animal
model [62]. Using the Swiss Protein database revealed high homology between the
hexapeptide LKTPRV and TLRVYK with different bacteriae and viruses [69, 70]. We
hypothesized that molecular mimicry between structures on the β2-GPI molecule
and pathogen may induce APS [71, 72]. Thus, prepared bacterial relevant particles
from Pseudomonas aeroginosa, Haemophilus influenzae, Streptococcus pneumonia,
Shigella dysenteriae, Neisseria gonorrhoeae, and from the yeast Candida albicans.
Naive mice were immunized, in the hind footpads, with the pathogen particles. Anti-
TLRVYK Abs were affinity purified on a peptide column, bound β2-GPI, and infused
into naive mice. Only the mice which were infused with mouse antibodies derived
from mice immunized with Haemophilus influenzae or with Neisseria gonorrhoeae
directed to the peptide TLRVYK had the potential to induce clinical manifestations
which resembles experimental APS (e.g., thrombocytopenia, prolonged aPTT, and
elevated percentage of fetal loss). We hypothesize, in the current case, that the mech-
anism of pathogenic anti-generation is induced by epitope mimicry. B cells, present
mimicking epitopes of bacteria or virus to T cells via a MHC class II pathway. These
B cells produce antibodies with specificity for the instigating epitope that cross-react
with host β2-GPI as a native molecule or in a complex with platelets or endothelial
cells, expressing the mimicked self epitope in the context of MHC class I and,
depending on the appropriate secondary signaling, a pathogenic autoreactivity
develop. In parallel, Pierangeli et al [33, 73, 74] have shown that antibodies generated
by immunization with TIFI, a 15 amino acid peptide from CMV virus that shares
similarity with GDKV (a peptide found in the Vth domain of β2-GPI), has thrombo-
genic effects and induces endothelial cell activation and pregnancy loss in vivo.

aPL Involvement in the Pathogenesis of Brain, Heart, and
Kidney

Brain

When the specific organs derived from MRL/lpr mice were analyzed, the mice
showed significant vasculopathy in the central nervous system, including vascular
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occlusions and perivascular infiltrates in the choroid plexus was observed [75].
Hence, the MRL/lpr mice were suggested as a model for neurological complication
of APS [76]. These mice were treated with S-farnesylthiosalicylic acid (FTS), a syn-
thetic substance that detaches Ras from the inner cell membrane and induces its
rapid degradation, leading to modulation of Ras activation, and the autoimmune
lymphocyte downregulation. Subjection of Ras inhibitor (FTS), resulted in 50%
decrease in splenocyte proliferation in the presence of β2-GPI, reduced levels of cir-
culating anti–β2-GPI Abs and normalized the grip strength [77].

Naive mice showed neurological impairment upon induction of aPL [78–80]. APS-
mice induced by idiotypic manipulation with aPL were significantly impaired neuro-
logically and performed several reflexes less accurately compared to the controls,
including placing reflex, postural reflex, and grip test [78]. These APS mice also exhib-
ited hyperactive behavior in an open field, which tests spatial behavior, and displayed
impaired motor coordination on a rotating bar [78]. Electron microscope evaluation
of cerebral tissue revealed pathological changes in the microvessels. T Thrombotic
occlusion of capillaries in combination with mild inflammation was the main finding
and may underlie the neurological defects displayed by mice with APS [79]. Naive
mice immunized with β2-GPI showed hyperacivity as defined by number of rears and
number of stairs climbed by the immunized mice in comparison to control mice [80].
Intrathecal subjection of anti–β2-GPI Abs purified from APS patients into naive mice,
resulted in deposition of the Abs in the hippocampus and cerebral cortex, associated
with neurological disfunction [81].

Heart

Deposits of anti–β2-GPI were documented in deformed valves obtained from
patients with primary and secondary APS [82]. Such deposits were suggested to be
involved in the pathogenesis of valvular lesions in Libman–Sacks endocarditis [83,
84]. Recently, an association of Libman–Sacks endocarditis to infection was pro-
posed based on β2-GPI related synthetic peptide studies [85]. The hearts had thick-
ened valves in 68% of MRL-lpr/lpr mice, however the aPL deposition in the affected
mice had no association with any of the antibodies tested [86].

Kidney

Systemic APS include renal manifestations such as intra-renal vascular lesions,
glomerular capillary thrombosis, renal artery occlusions, renal vein thrombosis,
end-stage renal failure, and hemodialysis are associated with systemic APS [4–6,
87]. We showed in SCID mice the role of aPL as possible inducers of renal damage
[27]. Isolated PBLs from an APS patient accompanied by renal involvement, mani-
fested as membranous nephropathy, as proven by a renal biopsy were subjected to
SCID mice. The mice transfused with PBL from the affected patient, exemplified
aPL following a renal lesion consistent with the human membranous nephropathy
lesion was precipitated.

Atherosclerosis and aPL

Atherosclerosis is considered analogous to chronic inflammatory diseases. During
the last years the involvement of aPL in atherosclerosis was well established.
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Immunization of mice prone to develop atherosclerosis such as LDL-receptor
deficient (LDL-RD) mice with β2-GPI resulted in the production of high titers of
anti–β2-GPI accompanied with accelerated early atherosclerosis [88]. In addition,
mouse aCL induced by idiotypic manipulation with human aCL from an APS
patient enhance atherogenesis in LDL-RD mice and imply that these antibodies may
play a role in atherosclerosis development in patients with APS [89]. Furthermore,
adoptive transfer of β2-GPI-reactive T cells from LDL-RD immunized mice to LDL-
RD mice, enhanced fatty streak formation in the later studied group [26]. Oral
administration of β2-GPI suppressed atherogenesis in the LDL-RD mice [26]. Oral
tolerance was also capable of reducing reactivity to oxidized LDL in mice immu-
nized against oxLDL. IL-4 and IL-10 production was upregulated in lymph node
cells of β2-GPI–tolerant mice immunized against β2-GPI, upon priming with the
respective protein [90]. The pro-atherogenic activity of anti–β2-GPI was demon-
strated in the apo-E-deficient mice. Accelerated atherosclerosis accompanied by
infiltration of CD4 lymphocytes into aortic sinus in the ?β2-GPI immunized mice
was documented [25].

Conclusions

The tool of animal models paved us the way to better understand the involvement
of aPL in the different pathogenic conditions accompanying the classical Hughes
syndrome. Furthermore, the mechanisms leading to the pathogenesis of the disease
could be better understand as well as the origin of the disease. All of that may give
us tools for studying new therapeutic approaches for treatments.

In the Table 30.1, we summarize the conclusions achieved in analyzing APS fol-
lowing employment of animal experimental models.
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31 Antiphospholipid Antibody–Induced
Pregnancy Loss and Thrombosis
Guillermina Girardi and Jane E. Salmon

Antiphospholipid (aPL) antibodies are a family of autoantibodies that exhibit a
broad range of target specificities and affinities, all recognizing various combina-
tions of phospholipids, phospholipid binding proteins, or both. The first aPL anti-
body, a complement fixing antibody that reacted with extracts from bovine hearts,
was detected in patients with syphilis in 1906 [1]. The relevant antigen was later
identified as cardiolipin, a mitochondrial phospholipid [2]. The presence of aPL
antibodies in serum has been associated with arterial and venous thrombosis and
recurrent pregnancy loss [3–7], but the pathogenic mechanisms mediating these
events are unknown. Several hypotheses have been proposed to explain the cellular
and molecular mechanisms by which aPL antibodies induce thrombosis and fetal
loss. There are reports that aPL antibodies activate endothelial cells, monocytes,
and platelets [8–10]. In vivo and in vitro studies have shown that exposure to aPL
antibodies induces activation of endothelial cells and a prothrombotic phenotype,
as assessed by upregulation of the expression of adhesion molecules, secretion of
cytokines, and the metabolism of prostacyclins [8, 10, 11]. aPL antibodies recognize
β2-glycoprotein I bound to resting endothelial cells, although the basis for the inter-
action of β2-glycoprotein I with viable endothelial cells remains unclear [12, 13]. As
β2-glycoprotein I is considered a natural anticoagulant [14], some authors propose
that aPL antibodies interfere with or modulate the function of phospholipid binding
proteins involved in the regulation of coagulation, activate platelets, or induce
monocytes to express tissue factor [9]. That endothelial cell, monocyte, and platelet
activation are associated with aPL antibodies and thrombophilia, and that these cell
phenotypes may also occur as a consequence of complement activation products,
suggested a role for complement activation in aPL antibody–induced tissue damage.

The Complement System

Complement is part of the innate immune system and provides one of the main
effector arms of host defense. Complement was first identified as a heat labile prin-
ciple in serum that “complemented” antibodies in the killing of bacteria. We now
know that complement is a system of more than 30 proteins in plasma and on cell
surfaces that act in concert to protect the host against invading organisms, initiates
inflammation, and tissue injury [15].
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There are 3 pathways of complement activation: the classical, mannose binding
lectin, and alternative pathways (Fig. 31.1). These 3 initiation pathways converge at
the point of cleavage of the third component of complement (C3) and the steps
leading to the cleavage of C3 are amplifying cascades of enzymes, analogous to
those in coagulation. The classical pathway is activated when natural or elicited
antibodies bind to antigen and unleash potent effectors associated with humoral
responses in immune mediated tissue damage. Activation of the classical pathway is
initiated by the binding of the C1 complex to antibodies complexed to antigens on
cell or bacterial surfaces. C1s first cleaves C4, which binds covalently to the cell (or
bacterial) surface, and then cleaves C2, leading to the formation of a C4b2a enzyme
complex, the C3 convertase of the classical pathway. Activation of the classical
pathway by natural antibody plays a major role in the response to neoepitopes
unmasked on ischemic endothelium, and thus may be involved in reperfusion
injury [16]. In addition, the classical pathway is activated through the action of 
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C-reactive protein (CRP) and serum amyloid P as they bind nuclear constituents
released from necrotic or dying cells, or directly when apoptotic bodies derived
from cells bind C1q [17, 18]. Activation of the mannose binding lectin pathway is
triggered by binding of the complex of mannose binding lectin and the serine pro-
teases, mannose binding lectin – associated proteases 1 and 2 (MASP1 and MASP2,
respectively). MASP2 acts in a manner similar to C1s to lead to the formation of the
C3 convertase enzyme. MASP1 may also be able to cleave C3 directly. Alternative
pathway activation mechanisms differ in that they are initiated by the binding of
spontaneously activated complement components to the surface of pathogens.
Under normal physiologic conditions, C3 undergoes low-grade spontaneous
hydrolysis. This pathway is antibody independent and is triggered by the activity of
factor B, factor D, and properdin. Triggering of the alternative pathway is initiated
by the covalent binding of a small amount of C3b to hydroxyl groups on cell surface
carbohydrates and proteins and is activated by low-grade cleavage of C3 in plasma.
This C3b binds factor B, a protein homologous to C2, to form a C3bB complex.
Factor D cleaves factor B bound to C3b to form the alternative pathway C3 complex
C3bBb. Properdin (P) binds to and stabilizes this enzyme complex.

Convergence of the 3 complement activation pathways on the C3 protein results
in a common pathway of effector functions. The initial step is generation of the
fragments C3a and C3b. C3a, an anaphylatoxin that binds to receptors on leuko-
cytes and other cells, causes activation and release of inflammatory mediators
(reviewed in [19]). C3b and its further sequential cleavage fragments, iC3b and C3d,
are ligands for complement receptors 1 and 2 (CR1 and CR2) and the β2 integrins,
CD11b/CD18 and CD11c/CD18, present on a variety of inflammatory and immune
accessory cells (reviewed in [20, 21]). C3b is covalently bound to the site of comple-
ment activation and then binds to C4b or C3b in the convertase enzymes of the
classical (C4b2a3b) and alternative (C3bBb3bP) pathways, respectively, forming C5
convertase enzymes. This C3b acts as an acceptor site for C5, which is cleaved by C5
convertase to C5b and anaphylatoxin C5a. C5a is a potent soluble inflammatory
anaphylatoxic and chemotactic molecule that promotes recruitment and activation
of neutrophils and monocytes and mediates endothelial cell activation through its
receptor, C5a receptor (C5aR [CD88]), a member of the heptahelical 7 trans-
membrane spanning protein family [22, 23]. Binding of C5b to the target initiates
the non-enzymatic assembly of the C5b-9 membrane attack complex (MAC). MAC
is a pore forming lipophilic complex that can destroy cells by permeabilization of
the membranes and act as an ion channel that triggers cell activation. Insertion of
C5b-9 MAC causes erythrocyte lysis through changes in intracellular osmolarity,
while C5b-9 MAC damages nucleated cells primarily by activating specific signaling
pathways through the interaction of the membrane associated MAC proteins with
heterotrimeric G proteins [24, 25].

Because activated complement fragments have the capacity to bind and damage
self tissues, it is imperative that autologous bystander cells be protected from the
deleterious effects of complement. To avoid the potentially deleterious activities of
complement acting on self tissues, the activation of the complement cascade is
tightly controlled by membrane and soluble regulatory proteins. C3 is an impor-
tant site of such complement regulation. Inhibition of C3 activation blocks the gen-
eration of most mediators of inflammation and tissue injury along the complement
pathway. Two membrane bound proteins regulate the activation of C3 on the
surface of host cells [26, 27]. Decay accelerating factor (DAF) and membrane co-
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factor protein (MCP) are expressed on most human cells and inactivate C3 conver-
tases, thus limiting all 3 initiating pathways. DAF inhibits the assembly and acceler-
ates the decay of the C3 convertase enzymes that activate C3 and amplify the
classical and alternative complement pathways. MCP is a co-factor for factor I
mediated degradation and inactivation of C3b and C4b [28]. A third protein, CD59,
also membrane anchored, prevents assembly of C5b–9 MAC. CD59 inhibits both
the insertion and polymerization of C9, blocking the MAC formation and thus pre-
venting the terminal effector functions of complement [24]. The MAC is also inhib-
ited by S protein and clusterin. There are also soluble complement inhibitors,
including C1 inhibitor (inhibits C1r and C1s) and factor H and C4 binding protein
(inhibitors of C3 and C4, respectively) [29].

Complement and Pregnancy Loss

Recent murine studies underscore the importance of complement regulation in fetal
control of maternal processes that mediate tissue damage. In mice, Crry is a mem-
brane bound intrinsic complement regulatory protein with function similar to MCP
and DAF. Crry blocks C3 and C4 activation on self membranes, inhibiting the classi-
cal and alternative pathway C3 convertases [30]. The absolute necessity for appro-
priate complement inhibition in a normal pregnancy has been demonstrated by the
finding that Crry deficiency in utero leads to progressive embryonic lethality [31].
Importantly, Crry-/- embryos are completely rescued from this 100% lethality and
live pups are born at a normal Mendelian frequency when the Crry+/- parents are
inter-crossed with C3-/- mice to generate C3-/-, Crry-/- embryos, suggesting that the
Crry-/- embryos die in utero due to their inability to suppress complement activa-
tion and tissue damage mediated by C3. Based on these findings, we proposed that
aPL antibodies activate complement within decidual tissue, overwhelm the nor-
mally adequate inhibitory mechanisms described above, and induce inflammation
and fetal damage.

To examine the role of complement in aPL antibody–induced pregnancy loss, we
used a murine model of antiphospholipid syndrome (APS) induced by passive
transfer of human aPL antibodies (aPL–IgG). Using this model, we observed that
aPL–IgG induces complement activation and that by blocking this activation we can
prevent fetal loss and growth restriction [32, 33]. In our studies, we found that
F(ab´)2 fragments of aPL–IgG do not mediate fetal injury, indicating that the Fc
portion of IgG is necessary for aPL antibody–mediated injury [32]. Do aPL antibod-
ies initiate inflammation and fetal demise by cross-linking stimulatory Fcg recep-
tors (FcγRs) expressed on monocytes, neutrophils, platelets, or mast cells, or by
activating the classical pathway of complement? When we examined the effects of
aPL–IgG in mice with a targeted deletion of the common γ subunit that lack stimu-
latory Fc receptors (Fcγ-/-), we found that they were not protected from poor preg-
nancy outcomes after passive transfer of aPL–IgG. Thus, aPL–IgG initiates fetal
damage in the absence of activating FcγRs. Yet, the Fc portion of aPL–IgG is
required, supporting a role for activation of the classical pathway in fetal injury.
Indeed, mice lacking C4 were protected.

To further study the role of complement in aPL antibody–induced pregnancy
loss, we inhibited C3 activation with Crry–Ig, an exogenously administered
inhibitor of C3 activation. Crry–IgG prevented aPL–IgG induced complement depo-
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sition within the deciduas and protected mice from pregnancy complications. We
observed similar results when C3-deficient mice were treated with aPL–IgG; there
was no pregnancy loss or growth restriction [33]. While the nature of the antigens
recognized by aPL antibodies is clearly important, complement activation seems to
be the major effector mechanism by which these antibodies mediate tissue injury.

Complement components downstream from C3 are involved in aPL antibody-
induced tissue injury [32]. Blockade of C5 activation with anti-C5 monoclonal anti-
bodies, as well as experiments in C5-deficient mice, indicate that C5 split products
are required for pregnancy complications in APS. In fact, the pro-inflammatory
sequelae of C5a–C5aR interactions and the recruitment of neutrophils are critical
intermediates linking pathogenic aPL antibodies to fetal damage. After aPL–IgG
treatment, embryos die surrounded by massive leukocyte infiltration. C5a, a potent
anaphylatoxin that recruits and activates neutrophils by interacting with C5aR,
plays an important role in aPL–IgG induced tissue injury. Absence of C5aR or
blockade of C5aR with specific antagonist peptides protects mice from pregnancy
complications of aPL–IgG treatment [32]. Activation of complement is amplified by
the alternative pathway, evidenced by the protection afforded by factor B deficiency
or treatment with anti-factor B monoclonal antibodies [32, 34]. Neutrophil deple-
tion with monoclonal antibodies also prevented aPL–IgG induced embryo injury,
confirming the importance of inflammation in this model [32].

We propose the following mechanism for the pathogenic effects of aPL antibodies
on tissue injury (Fig. 31.2). First, aPL are preferentially targeted to the placenta
where they activate complement via the classical pathway. C3 and subsequently C5
are activated. C5a is generated and attracts and activates neutrophils, monocytes,
and mast cells, and stimulates the release of inflammatory mediators, including
reactive oxidants, proteolytic enzymes, chemokines, and cytokines. Proteases
secreted by inflammatory cells, particularly neutrophils, can also increase C5a gen-
eration by directly cleaving C5 [35], leading to autocrine and paracrine stimulation
and further recruitment of leukocytes.

Complement and Thrombosis

Complement activation and thrombophilia are linked in inflammatory diseases.
Using an in vivo microcirculation model, we showed that aPL–IgG antibodies
induce endothelial cell activation, and enhanced and accelerated thrombus forma-
tion in the presence of a vascular injury [11, 36, 37]. The average size of injury-
induced thrombi in mice treated with aPL–IgG was 5 times greater than that of mice
treated with IgG from healthy individuals. Administration of Crry–Ig significantly
decreased aPL–IgG induced enhancement of thrombosis, resulting in values near
those of the controls [32]. Thus, complement activation also appears to play a
central role in aPL antibody–induced thrombophilia.

But how does complement activation cause a prothrombotic phenotype?
Complement fragments (such as C3a or C5a) can directly activate endothelial cells
by binding to cell surface receptors or indirectly activate endothelial cells by
binding to receptors on neighboring phagocytes or platelets; complement split
products may thereby induce a prothrombotic phenotype [38, 39]. C5a–C5aR inter-
actions can trigger thrombosis. In a rat model of antibody mediated thrombotic
glomerulonephritis, C5aR blockade prevents thrombus formation and leukocyte
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accumulation and, similar to our findings, depletion of neutrophils prevents
glomerular thrombosis, despite the presence of C3 and MAC [40]. C5a also recruits
and stimulates other inflammatory cells, such as mast cells, monocytes,
macrophages, and eosinophils. Enzymes in eosinophil granules function as power-
ful procoagulants [41]. C5a stimulates production of plasminogen activator
inhibitor-1 in human mast cells and basophils which may be triggers of thrombosis
[42]. Mast cells also release tumor necrosis factor α (TNF-α) stored in granules
upon stimulation by C5aR, and TNF-α induces tissue factor expression on endothe-
lial cells and monocytes [43]. Finally, C5a can directly induce release of tissue factor
on endothelial cells, demonstrating an important aspect of interrelationship
between the inflammatory and coagulation cascades [44]. It is therefore not sur-
prising that in C5 deficient mice, aPL–IgG did not cause thrombophilia [45].

Formation of C5b-9 MAC involves the sequential assembly of the 5 terminal com-
plement proteins into a heteropolymeric complex. MAC can activate pro-inflam-
matory and prothrombotic signaling pathways through the interaction of
membrane associated MAC proteins with heterotrimeric G proteins [24, 46]. The
insertion of MAC into the membrane causes considerable perturbation of the lipid
bilayer. MAC may cause tissue necrosis by lysing cells. However, most nucleated
cells are resistant to lysis and non-lethal effects of the MAC which trigger cell activa-
tion are likely to be more important to pathology [44, 47]. MAC activation is regu-
lated by CD59, which interferes with its assembly and generation of the MAC pore.
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CD59 has been shown to protect glomerular endothelium from thrombosis, whereas
blockade of CD59 with a monoclonal antibody was associated with C5b-9 formation
in glomeruli and increased platelet and fibrin deposition [48]. Mice express 2 CD59
genes (mCd59a and mCd59b); mCd59b knockout mice present a strong phenotype
characterized by hemolytic anemia, platelet activation, and thrombophilia [49].

Although the cause of tissue injury in APS is likely multifactoral, complement
activation is an absolute requirement for 2 of the most deleterious phenotypic out-
comes in this condition. Blockade of complement is effective in preventing fetal
injury and thrombosis in experimental models of APS and may have therapeutic
implications in patients. Complement inhibitors are now being tested in patients
with inflammatory, ischemic, and autoimmune diseases. Identifying the comple-
ment components involved in aPL antibody–induced pregnancy complications in
patients may define targets for interventions that prevent, arrest, or modify APS.
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32 Mechanism of Thrombosis in
Antiphospholipid Syndrome: Binding to
Platelets
Joan-Carles Reverter and Dolors Tàssies

Introduction

Antiphospholipid antibodies (aPL) are related to thrombosis in the antiphospho-
lipid syndrome (APS) [1, 2] and numerous pathophysiological mechanisms have
been suggested involving cellular effects, plasma coagulation regulatory proteins,
and fibrinolysis [3, 4]: aPL may act as blocking agents directly inhibiting antigen
enzymatic or co-factor function of hemostasis; may bind fluid-phase antigens of
hemostasis involved proteins and then decrease plasma antigen levels by clearance
of immune complexes; may form immune complexes with their antigens that may
be deposited in blood vessels causing inflammation and tissue injury; may cause
dysregulation of antigen–phospholipid binding due to cross-linking of membrane
bound antigens; and may trigger cell mediated events by cross-linking of antigen
bound to cell surfaces or cell surface receptors [3, 4]. Moreover, several characteris-
tics of the aPL, such as the concentration, class/subclass, affinity or charge, and
several characteristics of the antigens, as the concentration, size, location or charge,
may influence which of the theoretical autoantibody actions will occur in vivo [3].

Among the cellular mechanisms supposed to be involved, platelets have been
considered as one of the most promising potential target for circulating aPL that
may cause antibody mediated thrombosis as a part of the clinical spectrum of the
autoimmune disorder of the APS. In the present chapter we will focus on the inter-
actions that involve aPL binding to platelet membrane or platelet membrane bound
antigens.

Platelets as Target for aPL

Platelets play a central role in primary hemostasis involving platelet adhesion to the
injured blood vessel wall, followed by platelet activation, granule release, shape
change, and rearrangement of the outer membrane phospholipids and proteins,
transforming them into a highly efficient procoagulant surface [5]. In addition,
thrombocytopenia is also a clinical manifestation of APS. For these reasons platelets
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itself have been considered as a potential target for aPL and this fact has been
extended to thrombotic mechanisms [3].

Several facts support platelets as the target for aPL. Studies performed in the
aggregometer or in flowing conditions and the evaluation of platelet activation
markers in vitro and in vivo in patients with the APS are used as demonstration.

Activation and spontaneous aggregation of platelets was reported in aggregomet-
ric studies to be caused directly by aPL in early reports [6, 7]. Other authors did not
find this ability of aPL to initiate platelet activation [8, 9] or report inhibition of
aggregation caused by aPL [10]. However, the most realistic interpretation is that in
the aggregometric studies aPL may cooperate in platelet activation by making
platelets more reactive to the action of weak or low-dose agonists [8, 11–13]. A
calcium independent platelet aggregation (thromboagglutination) has also been
found in patients with APS [14].

Other studies performed using flowing systems that simulate physiological condi-
tions [15, 16] demonstrated, in both systemic lupus erythematosus (SLE) patients
and in primary APS patients, increased formation of platelet thrombi when small
amounts of patients’ plasmas or purified immunoglobulins with anticardiolipin
activity were added to normal blood, but this increase only occurs when plasma or
immunoglobulins from patients with thrombotic history was employed. Similar
results were obtained in the same system when the experiments were performed
using human monoclonal anticardiolipin (anti–β2-glycoprotein I) antibodies [17],
and the β2-glycoprotein–dependence of this phenomenon has been evidenced [18].
Additionally, dimers of β2-glycoprotein I, that mimic effects of β2-glycoprotein
I–anti–β2-glycoprotein I antibody complexes, have been found to increase platelet
adhesion and thrombus formation in a flow system but not increased aggregation in
an aggregometer [19].

Several studies have been performed to identify platelet activation markers in
patients with APS. Some of them investigate the eicosanoid regulation in these
patients showing inhibition of prostacyclin synthesis [20–22] and/or increased
platelet thromboxane production [13, 22–24]. These results were found in in vitro
experiments and in vivo in patients with the APS. However, these results have not
been found by others [25]. More recently, anticardiolipin–β2-glycoprotein I com-
plexes have been found to induce platelet overactivity resulting in excessive pro-
duction of thromboxane A2, presumably by decreased platelet cyclic AMP activity,
causing increased platelet aggregation [26].

Looking for more direct markers of platelet activation, other authors have found
an increase of the CD62p (P-selectin), an integral protein found in the α-granules,
on platelet surface [27, 28] and/or the soluble CD62 [29, 30], loss from the activated
platelet membranes to the plasma, in patients with APS, but not all the authors
found the same results [31, 32]. Moreover, platelet CD63 expression, a lysosomal
granule protein exposed after platelet activation, has been found increased in
primary APS patients [30], but not in all the studies [28]. PAC-1, an antibody that
detects the conformational change of the platelet membrane glycoprotein IIb–IIIa
complex that occurs when the platelet is activated and probably a more sensitive
index of platelet activation than degranulation proteins, binding has been also
reported significantly increased in patients with primary APS [30]. In these patients,
a significantly increased number of circulating platelet microparticles have been
found [33], supporting an increased platelet activation in vivo, but these results
have not been confirmed by others [30]. Annexin V binding to platelets, which indi-
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cates phosphatidyl serine exposure on the outer leaflet of the membranes during
platelet activation, measured by flow cytometry has been reported as increased in a
series of patients with SLE with thrombosis [34], most of them with aPL, but has
been found normal in primary APS [30]. In several studies, increased
platelet–leukocyte complexes, generated after platelet activation or as an inflamma-
tory feature of autoimmune disease, have been found in APS patients [30, 35].
Finally, β-thromboglobulin, another platelet activation marker, has been evaluated
in vitro or in vivo in few studies with discrepant results [34, 36, 37].

The interaction of aPL with platelets can occur in at least three different ways.
First, immunoglobulins may bind through the Fab terminus with specific platelet
antigens (or with other antigens deposed on platelets) in a classical antigen–anti-
body reaction; second, immune complexes may bind to platelets via Fcγ receptor
(FcγR); and third, aPL, as other immunoglobulins, may bind to platelets in a non-
specific manner by mechanisms not well characterized but probably related to
platelet membrane injuries [38]. The last mechanism, non-specific binding, does
not seem to have a pathophysiological role in APS-related thrombosis.

Binding of aPL to Phospholipids on Platelet Membrane

Normal platelet membranes have a clear phospholipid asymmetry. The outer leaflet
of the phospholipid bilayer is rich in choline-phospholipids, whereas amino-phos-
pholipids are located in the inner leaflet [39]. Then, in resting platelets phosphatidyl
serine is predominantly located in the cytoplasmic leaflet of the platelet mem-
branes, but platelets undergoing activation lose their physiological phospholipid
asymmetry and increase the exposure of anionic phospholipids, mainly phos-
phatidyl serine, on the external cell membrane [40]. During platelet activation a fast
transbilayer movement of phospholipids (flip-flop) is produced [39]. In addition,
during platelet activation exposure of anionic phospholipids is accompanied by
shedding of procoagulant microvesicles [41]. The extent of the platelet membrane
phospholipid expression depends on the type of platelet activator, being calcium-
ionophore the most potent, followed in order of potency by the complement
complex C5b-9, collagen plus thrombin, collagen, and thrombin [39]. ADP and epi-
nephrine are very weak activators considering the induction of the phospholipid
flip-flop.

Some studies have demonstrated that aPL may bind to platelet surface, and this
binding is higher on activated or damaged platelets than in resting ones [16, 37, 42].
In addition, several agonists, like collagen, may be more able to activate platelets in
a way that makes them reactive to aPL than others, like ADP [16]. These results
agree with the differential expression of phospholipids during platelet activation.

APL with lupus anticoagulant (LA) activity also bind to platelets and to platelet-
derived microvesicles at least in part by membrane-bound prothrombin [43].
However, it has been reported that LA antibodies can bind to activated platelets in
absence of any plasma component, but it can not be excluded that the required co-
factor may be released from the platelet granules [43].

Membranes from activated platelets are an important source of negatively
charged phospholipids to provide a catalytic surface for interacting coagulation
factors [43]. The ability of platelets to support tenase and prothrombinase activity
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(and also protein C activity) correlates with the extent to the platelet membrane
phospholipid asymmetry [39]. By binding to phospholipid surface, aPL may inter-
fere in the protrombinase activity by hampering the assembly of the prothrombin
activating complex (factors Xa and Va, phospholipid and calcium) on the platelet
procoagulant surface by reducing the binding of prothrombin to a otherwise
normal prothrombinase complex [44]. The binding of aPL (or at least some of them
with LA activity) to phospholipids causes a decrease in the peak amount of pro-
thrombinase activity that has been attributed to both deficient formation of the
complex and to poor prothrombin binding [44]. This effect may be inhibited by the
presence of phospholipids depending more on their amount than on their nature
and no specific platelet product could be identified as responsible [44]. These effects
inhibiting the coagulation pathway may explain the results observed in vitro with
LA, but in vivo aPL cause thrombosis and not bleeding. However, we can suppose
that aPL may interfere with the protein C pathway inhibiting their phospholipid
dependent reactions that occurs on platelet surfaces in the same way in which they
act in the prothrombinase reaction [3, 45]. Then, these actions in the regulatory
protein C system may lead to a decreased of its physiological anticoagulant activity.
It has been suggested that these antibodies that alter protein C pathway may be
associated with venous thrombosis.

Role of Phospholipid-binding Proteins: β2-glycoprotein I

It is now known that aPL are in fact directed against phospholipid-binding proteins
eventually bound to phospholipids exposed on surfaces [3]. The main protein asso-
ciated to the anticardiolipin antibodies activity is the β2-glycoprotein I bound to
phospholipids [46–48] and then anticardiolipin antibodies bind directly to these
protein immobilized on irradiated surfaces [49] constituting the actual epitope of
anticardiolipin antibodies. β2-glycoprotein I and other phospholipid-binding
protein could be considered a mechanism to protect the organism from excessive
coagulation leading by negatively charged phospholipids exposed on platelet (or
other cells) membranes during cell activation or apoptosis [3].

β2-glycoprotein I is a highly glycosylated single chain protein present in plasma
that avidly binds to negatively charged phospholipids as cardiolipin, phosphatidyl
serine, or phosphatidyl inositol [50] through their highly positively charged amino
acid sequence Cys281–Cys288 [51] located in the fifth domain [52], whereas the pos-
sible epitope for anticardiolipin antibodies binding seems to be located in the
fourth domain [53]. Mutations in the fifth domain of β2-glycoprotein I have been
described affecting the binding to phospholipids in patients with APS and SLE [54,
55].

The affinity of β2-glycoprotein I for phospholipid surfaces highly depends on
their phospholipid composition. In physiological conditions, β2-glycoprotein I may
inhibit phospholipid dependent hemostasis reactions, but due to its low affinity for
phospholipids [51, 56], β2-glycoprotein I is by itself only a weak anticoagulant.
However, aPL (or at least aPL with LA activity) may enhance the affinity of β2-glyco-
protein I to phospholipids and, then, β2-glycoprotein I may become a real competi-
tor to phospholipid dependent hemostasis reactions. Using artificial bilayer
membranes with physiological phosphatidyl serine concentration and purified
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human aPL with LA activity, a high-affinity interaction was identified in the binding
of aPL–β2-glycoprotein I complexes to phospholipids due to the bivalent interac-
tions between antibodies and lipid bound β2-glycoprotein I [56].

It has been demonstrated [37] that human anticardiolipin antibodies only can
bind to activated platelets but not to resting platelets and this binding was in a β2-
glycoprotein I–dependent way. Moreover, it has been demonstrated [18], using
reconstituted blood in flowing systems that simulate physiological conditions β2-
glycoprotein, that the β2-glycoprotein dependence of the increased platelet–vessel
wall interaction induced by human monoclonal anti–β2-glycoprotein I antibodies
obtained from patients with APS. In addition, it has been reported [8] that murine
monoclonal antibodies against β2-glycoprotein I with LA activity potentiate the
effect of sub-threshold concentrations of aggregation agonists (ADP or adrenaline)
but requiring the presence of β2-glycoprotein I.

The reason why aPL with anti–β2-glycoprotein I activity bind to β2-glycoprotein I
bound to platelets but not to free β2-glycoprotein 1 in plasma needs to be answered.
At physiological concentrations of β2-glycoprotein I, aPL binding to β2-glycoprotein
I in the fluid phase is weak [57]. This fact is due to a low intrinsic affinity of the anti-
bodies to β2-glycoprotein I. Clustering or a high density of immobilized antigen, as
may occur in the surface of activated platelets, allows bivalent or multivalent anti-
body binding and then aPL may act locally [3, 57]. In addition, conformational
changes induced in β2-glycoprotein I by its binding to negatively charged surfaces
causing the expression of neo-epitopes (or the expression of cryptic epitopes) have
been suggested [58, 59] and aPL could be directed against this neo-epitopes (or
cryptic epitopes) but not to free β2-glycoprotein I. For these reasons aPL need the
presence of platelet surfaces to exert their actions through their anti–β2-glycopro-
tein I activity.

In this scenario [60], β2-glycoprotein I may form a small amount of monovalent
complexes in the fluid phase, and both monovalent complexes and free β2-glycopro-
tein I bind to negatively charged phospholipids on cellular surfaces, such as acti-
vated platelet membranes, with low affinity [51, 60]. APL can bind then to
β2-glycoprotein I bound to membrane phospholipids forming new monovalent
aPL–phospholipid complexes [60]. In the platelet membrane, monovalent com-
plexes have a high mobility because its binding to phospholipids is based to ionic
interactions and, due to this mobility and depending of aPL–β2-glycoprotein 1
density, bivalent stable complexes may form [60]. Such bivalent complexes have
high affinity for phospholipids and may interfere with both anticoagulant and pro-
coagulant reactions [51]. APL also could potentiate the inhibitory activity of β2-gly-
coprotein I in coagulation by cross-linking membrane-bound β2-glycoprotein I and
by enhancing the avidity of the β2-glycoprotein I–phospholipid interaction [3]. In
addition, aPL, in experimental studies using human polyclonal purified antibodies,
may enhance β2-glycoprotein I binding to negatively charged phospholipid surfaces
[56].

Interaction of aPL with the Platelet Fcγ Receptor IIA

It has been demonstrated that both Fab and Fc fragments of the aPL are essentials
for the effect of murine monoclonal antibodies against β2-glycoprotein I increasing
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platelet aggregation by weak agonists [8]. This effect is dependent on the action of
the FcγR IIA, as it could be blocked by inhibitory monoclonal antibodies [8].

There are 3 families of FcγR molecules (RI, RII, and RIII) [61], each containing
several allelic variants. The only FcγR molecules present on platelets are the FcγRIIA
[62]. The FcγRIIA (CD32) is present on platelets, neutrophils, and monocytes, and
has weak affinity for the Fc portion of monomeric IgG, but high affinity for the Fc
portion of IgG contained in immune complexes or to IgG bound to an antigen on
the platelet surface [63]. Activation of the FcγRIIA causes platelet activation and
granule release. This receptor reacts best with murine IgG subclasses 1 and 2b and
to human IgG subclasses 1 and 3 [64]. Human subclass IgG2 reacts weakly with the
receptor.

A common functional polymorphism of the FcγRIIA gene has been described [62,
65]. The two allelic forms differ by a single base substitution in the codon for amino
acid 131 that causes an Arginine (Arg) to Histidine (His) amino acid change. This
polymorphism plays a particular role in the expression of IgG2 mediated antibody
responses. The His 131 allele is essential for handling IgG2 immune complexes and
reacts much more efficiently to subclass 2 of human IgG than the Arg 131 allele [65].

The most interesting proposal to relate anti–β2-glycoprotein I activity, aPL
platelet binding, and platelet activation leading to thrombosis suppose a pathogenic
scenario very similar to these proposed for heparin induced thrombocytopenia [64,
66] involving the FcγRIIA. In this hypothesis, small initial platelet activation is pro-
duced by physiological or pathological conditions resulting in the expression of
phospholipids on the platelet surface. Then, the binding of β2-glycoprotein I (or in a
lesser extent other phospholipid binding proteins) to these phospholipids may
occur. APL subsequently may bind to the formed β2-glycoprotein I–phospholipid
complexes, and, then, interact by their Fc portion with the platelet surface FcγRIIA.
Through these interaction platelets may be activated and a vicious circle of cellular
activation may be created finally ending in a thrombotic event. Then, in the APS, as
probably in a similar way in much other situations, thrombosis seems to be a two
hit phenomenon. Autoantibodies, the first hit, are continually present in the circula-
tion, but need a local trigger, the second hit, to produce hemostasis dysregulation
leading to a thrombotic event in a particular localization [4]. Thrombosis would
require this second hit, so explaining why patients with persistent plasma antibod-
ies have thrombosis only occasionally and in absence of vascular immunoglobulin
deposits [64].

Activation of the FcγRIIA by the aPL bound to β2-glycoprotein I cause platelet
activation and thromboxane A2 generation [64]. Activation of FcγRIIA produces
intracellular ionic calcium flux, an increase of phosphatidyl inositol metabolism
and also a rapid phosphorylation of tyrosine residues on a number of molecules
[38]. Then, the action of the FcγRIIA activated by β2-glycoprotein I bound aPL may
constitute the second hit to thrombosis in these patients.

Some other indirect evidences supporting this mechanism, the activation of
FcγRIIA by antibodies after their binding to β2-glycoprotein I, have been high-
lighted [64]. The need of an initial “triggering” activation to start the process is con-
gruent with the high degree of recurrence of thrombotic events in the same arterial
or venous territory [67]. This fact is compatible with a local trigger causing slight
activation that can be followed by a secondary amplification due to aPL [64].

However, there are several reasons that do not permit this model to explain all
the effects of aPL in thrombosis. First, anti–β2-glycoprotein I antibodies in autoim-
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mune patients are mainly restricted to the IgG2 subclass [68] and IgG2 subclass
antibodies can not efficiently react with the FcγRIIA if the mutation His–His in the
position 131 of FcγRIIA is not present. It may be suggested that patients with the
form His 131 of the polymorphism may be at greater risk to develop thrombosis by
this platelet activation mechanism via FcγRIIA [64], similarly as it has been
reported in heparin induced thrombocytopenia [69]. However, this hypothesis has
not been sustained by epidemiological studies and no increased frequency of the
His 131 form of this polymorphism has been found in patients with the APS [70],
and in a recent meta-analysis a complex genetic background underlying the rela-
tionship between the FcγRIIA-R/H131 polymorphism and the APS has been sug-
gested [71]. An alternative explanation to the platelet activation by IgG2 subclass
aPL via the FcγRIIA is that activated platelet express increased number of FcγRIIA
up to 50% [72] and, by this way, the first “triggering” event may improve IgG2 sub-
class aPL interactions with platelets in Arg–Arg FcγRIIA R/H131 genotype.

Second, the proposed schema of FcγRIIA activation may not explain the
prothrombotic action of IgM aPL. For this reason, an alternative hypothesis consid-
ering the activation of complement by aPL after their attachment to protein–phos-
pholipid complexes on platelet surfaces has been suggested [64], as it will be
discussed latter.

Third, in a thrombosis model in hamster, F(ab)2 fragments of an anti–β2-glyco-
protein I antibody were equally able to promote thrombus formation [73].

In addition, using an in vivo thrombosis model in mice, it has been suggested
[74] that the thrombogenic effect of aPL passively administered is not dependent on
their anti–β2-glycoprotein I activity alone.

Finally, it has been reported an additive effect of LA and anticardiolipin antibod-
ies that may directly activate platelets [75] and this effect could not be attributed to
the FcγRIIA because separately anticardiolipin antibodies and LA fractions did not
activate platelets.

A calcium-independent mechanism for the initiation of thrombus formation in
APS has been proposed [14]. In this model aPL bind specifically to platelet mem-
brane phospholipids under slow shear flow and, then, antibodies cross bridges to an
adjacent platelet containing phosphlipid–β2-glycoprotein I complexes. This results
in thromboagglutination followed by release of granules, recruitment of platelets,
and fibrin formation.

Complement Activation

As mentioned previously, the aPL bound to platelet membranes may also exert their
action through the activation of complement. Some authors have reported
decreased levels of serum complement in patients with aPL [76] although others
did not confirm this data [77]. Moreover, increased levels of inactivated terminal
membrane attack complex of complement (C5b-9) were found in patients with aPL
and cerebral ischemia [78]. C3 activation seems to be essential for antiphospholipid
antibody induced thrombophilia and fetal loss in a mouse model [79]. Additionally,
complement-fixing anticardiolipin antibodies have been found in patients with aPL
and had been related to thrombotic manifestations [49]. These data support the
possible role of complement activation in the pathophysiology of APS.
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It is known that C5b-9 causes platelet activation [80–82], and it has been demon-
strated complement activation by aPL bound to cardiolipin liposomes when these aPL
were obtained from APS patients but not when were obtained from syphilis patients
[83]. Then, the complement generated in presence of aPL bound to negatively charged
phospholipids may cause platelet activation and, eventually, platelet destruction [84].

Considering this scenario, the double hit hypothesis suggested for the FcγRIIA
mediated activation [66] can also be applied to the complement mediated platelet
activation in the APS. First, an initial activation of platelets is needed (provided by
local events as small vascular lesions). Then, negatively charged phospholipids are
exposed in a small extent on the platelet surface and aPL may bind to these exposed
phospholipids or to proteins bound to these phospholipids. APL fixed in the platelet
surface may induce complement activation in an Fc independent manner causing
more platelet activation [84]. In addition, C5b-9 action may increase the transbi-
layer migration of phosphatidyl serine in the platelet membrane [85] causing
increased binding of aPL and, then, C5b-9 activation, and platelet activation.

Other Platelet Receptors for aPL

The ability of aPL to bind to platelets through different epitopes, like CD36 [86] or the
glycoprotein IIIa [87] has been reported, and these special bindings have been related
to thrombotic phenomena and/or to platelet activation. However, the mechanism of
platelet activation in these peculiar aPL binding sites is not known. Recently [19], it
has been suggested that dimeric β2-glycoprotein I may bind apoER2’, the splice
variant that constitutes the only member of the low-density lipoproteins present in
platelets, which results in a slight platelet activation and, then, aPL may bind to these
exposed phospholipids or phospholipids–β2-glycoprotein I complexes.

Conclusion

Platelets are a potential target for circulating aPL that may cause antibody mediated
thrombosis. In vitro studies performed in the aggregometer or in flowing condi-
tions and the evaluation of platelet activation markers in vitro and in vivo in
patients with the APS demonstrated the ability of aPL to interact with platelets and
promote their function. The most reliable explanation for the prothrombotic action
of aPL in platelets includes, first, previous platelet activation and the binding of
them to platelet membrane phospholipid bound proteins, mainly β2-glycoprotein I.
Then, in a second step, aPL may act activating platelets, via FcγRIIA or complement
C5-9 formation. However, several points of this suggested mechanism of action of
aPL on thrombus formation are not clearly established and further studies on the
interaction between platelet and aPL are needed.
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33 Interaction of Antiphospholipid Antibodies
with Endothelial Cells
Pier Luigi Meroni, Elena Raschi, Cinzia Testoni, Arianna Parisio, 
Maria Gerosa, and Maria Orietta Borghi

Anti-phospholipid Antibody Reactivity with 
Endothelial Cells

Antiphospholipid antibodies (aPL) are the formal laboratory diagnostic tools for
the antiphospholipid syndrome (APS) and important players in its pathogenesis at
the same time [1]. Different pathogenic mechanisms have been reported, suggesting
that aPL can cause thrombosis or fetal loss in several ways [2].

Owing to its emerging role in hemostasis, inflammation, and immune response
regulation, endothelium has been deeply investigated as one of the “most likely”
target for aPL. Perturbed endothelium actually displays a procoagulant phenotype
that might be pivotal in sustaining the APS vasculopathy [3].

The first report that found a relationship between aPL and endothelial cells (EC)
showed that lupus anticoagulant (LA)-positive plasmas suppressed prostacyclin
(PGI2) release by vascular endothelium and the consequent unbalance between
endothelial prostacyclin (PGI)2 and platelet thromboxane (TXA2) was suggested to
support the in vivo thrombotic diathesis [4].

Since the first report by Carreras and Vermylen, several authors clearly demon-
strated the aPL reactivity with EC and the antibody ability to affect endothelium
functions in different in vitro experimental models (Table 33.1).

Interestingly, a direct EC involvement is also evident in some in vivo experimental
models of aPL induced thrombosis. Pierangeli et al demonstrated that passive infu-
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Table 33.1. Pleiotropic effect of aPL on endothelial cells.

• Induction of a pro-adhesive and a pro-inflammatory phenotype [5–11]
• Tissue factor upregulation [12–15, Vega-Ostertag et al, submitted]
• Interaction with the protein C/S system [16–20] 
• Annexin V displacement from the endothelial cell membrane [21]
• Interaction with the eicosanoid metabolism: inhibition of PGI2 synthesis [4]
• Induction of pre-proET-1 synthesis [22]
• Induction of apoptosis [23]
• Interaction with the late endosomes [24]

PGI2 = prostacyclin 2; ET-1 = endothelin-1.



sion of aPL in naive mice might increase the leukocyte adherence to the vessel walls
of the cremaster muscle microcirculation [25]. The same group also reported that E-
selectin expression – the adhesion molecule specific for EC – is essential for the clot
formation in their experimental pinch model after the passive infusion of aPL [26].
We have recently described an additional experimental in vivo model, in which the
infusion of IgG fractions with strong anti–β2-glycoprotein I (β2-GPI) activity, but not
control IgG, can induce leukocyte aggregation and endothelial adhesion in the
mesenteric rat microcirculation when small amounts of lipopolysaccharide (LPS) are
also injected at the same time (Fischetti et al, submitted).

β2-GPI as the Main aPL Antigenic Target on EC

Several authors described the presence of an anti-endothelial binding activity in
sera from both primary and secondary APS, however such a reactivity was not
always related to anti-cardiolipin (aCL) or LA activity [27–32]. On the other hand,
APS sera were found to react with constitutive EC membrane components whose
exact nature was not identified [33].

β2-GPI – the major plasma protein co-factor for aPL – was then found to repre-
sent the bridge for targeting circulating aPL to EC membranes [5–8, 10].

In fact, sera positive for aCL (and anti–β2-GPI) antibodies displayed anti-endothe-
lial cell activity only when the cells were grown in the presence of bovine serum. Cell
starvation in serum-free medium abolished the reactivity that was in turn restored
after the addition of purified human β2-GPI. It was suggested that the fetal calf serum
of the culturing media could be the source of β2–GPI. The molecule, in fact, is appar-
ently able to adhere to EC monolayers and then to be recognized by anti–β2-GPI anti-
bodies cross-reacting with β2-GPI of different species, including the bovine one [34].
Studies carried out with affinity purified polyclonal IgG fractions as well as with
human IgM anti–β2-GPI monoclonal antibodies supported the hypothesis [8].

As a whole these findings suggest that most of the reactivity against EC in sera of
APS patients is sustained by antibodies that recognize β2-GPI, but autoantibodies
directed against constitutive EC membrane proteins can be also detectable.

Endothelium is a heterogenic tissue that displays phenotypic and functional dif-
ferences depending on the anatomical localization [3]. Such a heterogeneity has
been claimed to explain why thrombotic events are generally episodic and often
localized, being frequently determined by local/regional pathologic processes
besides systemic risk factors. Anti–β2-GPI antibodies have been found to recognize
β2-GPI on EC monolayers obtained from both large venous vessels and from the
microcirculation, in line with the widespread anatomical distribution of thrombosis
in APS [35]. However, a reactivity with brain and dermal microvascular EC higher
than that with human umbilical cord vein EC (HUVEC) has been recently reported.

Altogether these data suggest that although β2-GPI endothelial expression is
apparently shared in common by the whole endothelium, different binding/expres-
sion characteristics on definite anatomical sites could be responsible for some of
the APS clinical manifestations (i.e., the high frequency of skin and central nervous
system involvement).

Endothelial Cell Receptor(s) for β2-GPI

It has been demonstrated that plasma proteins can adhere to in vitro unfixed EC
monolayer cultures, so endothelial adhesion of β2-GPI might be simply the result of
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a phenomenon common to many other plasma proteins [36, Meroni et al, personal
communication].

However, a relatively more specific endothelial binding was described: β2-GPI
binds to EC membranes through the highly positively charged amino acid sequence
located in the fifth domain of β2-GPI that was previously reported to be the putative
“PL-binding site” in CL-coated plates [9]. Actually, synthetic β2-GPI molecules
mutated at the PL-binding site lost their binding activity to CL-coated plates as well
as to EC monolayers. In addition, synthetic peptides, spanning the amino acid
sequence of the PL-binding site, were able to bind EC and to be recognized by
specific autoantibodies. β2–GPI adhesion through the highly cationic PL-binding
site suggests that a corresponding negatively charged structure on EC membranes
should be involved. Heparan sulphate (HS) – the major proteoglycan of the vascular
endothelium – was suggested to represent the most likely candidate [37]. Actually,
EC treatment with heparitinase I, an enzyme able to cleave specifically the α-N-
acetyl-D-glycosaminidic linkage in HS, could affect the binding in a dose dependent
manner, but not completely [35]. These findings suggested that endothelial struc-
tures other than HS might be also responsible for the co-factor adhesion.

Because β2-GPI is a glycoprotein able to bind and transport lipids, cell membrane
receptors for lipoproteins could be the structures naturally involved in its cell
binding. Interestingly, β2-GPI has been suggested to display an EC viability main-
taining factor activity, which could be related to its ability to supply lipids for
energy production and membrane synthesis [38].

In this regard, it has been reported that megalin – an endocytic component of
the low-density lipoprotein receptor (LDL-R) family expressed on placenta, kidney
and other tissues – might behave as a β2-GPI receptor [39]. However, Cao et al failed
to demonstrate any megalin–mRNA expression in both human vein and arterial
umbilical EC [40]. A further indirect evidence that megalin is not an endothelial
receptor for β2-GPI turns out from the observation that the presence of EDTA
buffer did not affect the binding that is, by definition, Ca++ ion-dependent (Meroni
et al, personal communication).

It has recently been reported that β2-GPI can bind to another component of the
LDL-R family: the apolipoprotein E receptor-2 (ApoER2) [41]. In fact, apoER2 was
found to mediate the β2-GPI binding to platelets. Because apoER2 is expressed on
EC also, it might be an additional EC membrane receptor for β2-GPI [42].

Furthermore, annexin II, an EC receptor for tissue plasminogen activator (t-PA)
[43–45] was shown to be able to bind β2-GPI with an affinity that was even much
higher than that displayed by β2-GPI for phospholipid (PL) micelle preparations [46].

Altogether these findings do support the idea that β2-GPI adhesion to EC might
take place via different mechanisms, spanning from a simple non-specific adhesion
as many other plasma proteins, to electric charge interaction between the cationic
PL-binding site and anionic cell membrane structure, to the binding to LDL-R
family components or to annexin II (Fig. 33.1).

Finally, it is still open the question whether β2-GPI is synthetized by EC them-
selves and then exposed on the cell membrane. While, in fact, one group found β2-
GPI in HUVEC both at protein and at mRNA level [47], these results were not
confirmed by others [48]. In any case, it is not clear why cells able to synthesize a
protein are apparently unable to re-express the same molecule once it has been dis-
placed from the surface level by starvation in serum-free medium.

Although the nature of the endothelial receptor(s) for β2-GPI is still under inves-
tigation, the above-mentioned findings do support the fact that β2-GPI can be

Interaction of Antiphospholipid Antibodies with Endothelial Cells 417



expressed on EC membranes in a manner that offers suitable epitopes for circulat-
ing anti–β2-GPI antibodies.

Is β2-GPI Expressed on Endothelium also In Vivo?

Several groups reported the in vitro expression of β2-GPI on EC derived from
umbilical cord vein, and we also found that primary human brain and skin EC
monolayers might express β2-GPI on their surface [35]. However few data are
available on whether or not such an expression takes also place in the tissues in
vivo.

In fact, while anti-human β2-GPI antisera can clearly stain endothelium in tro-
phoblast vessels, we did not find a comparable endothelial staining in skin biopsies
obtained from normal donors or patients affected by inflammatory disorders
[Meroni et al, personal communication]. In addition, immuno-histological studies
on human atherosclerotic plaques revealed that β2-GPI was abundantly expressed
within the sub-endothelial regions and intimal-medial borders only [49]. On the
other hand, β2-GPI-dependent aPL are able to induce endothelial perturbation in in
vivo experimental animal models suggesting that the reactivity of the antibodies
with the co-factor should take place [25].

It is possible that the amount of β2-GPI expressed on the endothelium in vivo is
too small to be detectable by the common immuno-histological techniques, at vari-
ance with what is taking place in placenta. In any case, further studies are needed to
confirm whether or not β2-GPI is expressed on EC in vivo.
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Pleiotropic Effect of aPL on Endothelial Functions

In Vitro

aPL not only react with EC but, once bound, are able to modulate several cell func-
tions that can play a role in supporting the procoagulant diathesis. If perturbed,
endothelium itself displays a pro-inflammatory and procoagulant phenotype and
might also have a “gong effect” on other cell types, such as leukocytes and platelets.
Due in fact to the interplay between endothelium and these cells, EC activation
might in turn trigger their procoagulant effect [50]. For example, adhering leuko-
cytes activated by pro-inflammatory cytokines as well as by the adhesion itself
express a procoagulant phenotype [51]. Such a series of events might play a key role
in the thrombophilic state of APS.

Actually, there is a sound evidence in the literature for the ability of aPL to affect
EC functions in different in vitro experimental models (Table 33.1).

Most, if not all, of the aPL functional effects on endothelium have been the object
of previous reviews and they will not be taken into consideration any more in the
present chapter.

However, it should be pointed out that the aPL ability to activate EC in vitro was
mainly evaluated by using HUVEC monolayers. We have recently been able to
demonstrate that primary cultures of human brain and skin EC can also be acti-
vated by aPL to upregulate adhesion molecule expression as well as the secretion of
pro-inflammatory cytokines [35]. This finding does support the idea that the phe-
nomenon is apparently common to the whole endothelium.

In Vivo

The ability of aPL to affect the endothelium has been addressed in few in vivo APS
animal models [25, 52, 53, Fischetti et al, submitted].

Passive infusion of aPL was shown to be able to increase white blood cell
(WBC) adherence to cremaster muscle vessel walls in an apparent direct manner,
suggesting that the antibodies might activate the endothelium favoring the
appearance of a pro-adhesive phenotype in vivo as reported in vitro [25]. The
increase in WBC adherence was inhibited or completely abrogated in mice
deficient for adhesion molecule expression (ICAM-1, P-selectin, E-selectin) or in
mice pretreated with blocking anti-VCAM-1 antibodies [52]. Interestingly, the
fact that the effect was abrogated in E-selectin deficient mice strongly supports a
pivotal role of the endothelium because of the selective expression of E-selectin
on EC [26].

Other experimental models have been reported, in which aPL passive infusion
displayed a thrombophilic activity only if an additional thrombogenic stimulus was
applied, accordingly to the “two hit hypothesis” [2].

In the model reported by Pierangeli et al, a mechanical trauma to the femoral
vein was required to induce the thrombus formation. The infusion of aPL was then
found to be able to increase the clot size and such an effect was inhibited or abro-
gated in mice deficient for adhesion molecules (ICAM-1, P-selectin, and E-selectin)
or treated with blocking anti-VCAM-1 antibodies [52]. Once again these findings
indirectly support an endothelial perturbation.
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Fischetti et al have recently reported a model in which the infusion of β2-
GPI–dependent aPL IgG in naive rats induced the formation of large clots in the
mesenteric microcirculation if a preliminary endothelial activation mediated by the
intra-peritoneal injection of small amounts of LPS tooks place. The thrombus for-
mation was found to be associated with an increased WBC adhesion to the mesen-
teric vessel walls, but the study did not directly address whether or not an
endothelium perturbation did occur (Fischetti et al, submitted).

Finally, Jankowski et al showed that a β2-GPI–dependent LA-positive murine
monoclonal antibody was effective in increasing the carotid artery thrombus forma-
tion in a photochemically induced thrombosis model in the hamster. The model
complies with the concept of the two hit hypothesis and was shown to be mediated
by the F(ab)2 antibody fragments. Immunohistochemical analysis of the arterial
thrombus revealed antibody deposition mainly bound to platelets but no clear
endothelial involvement [53].

Do APS Patients Display an Endothelial Perturbation In Vivo?

The question whether an endothelial perturbation comparable to that detectable in
in vitro studies might be also detectable in vivo in APS patients is still matter of
debate.

While some studies reported increased plasma levels of single soluble adhesion
molecule isoforms or endothelial derived microparticles in APS patients, others did
not confirm these findings [54–58].

These data are actually in contrast with the clear demonstration that the aPL
thrombogenic effect is closely mediated by adhesion molecule expression in a
murine experimental model [52].

On the other hand, immuno-histological evaluation of tissues affected by aPL-
related thrombotic lesions did not reveal any clear signs of endothelial activation
with the only exception of the increased EC expression of α3β1 integrin in biopsies
taken from patients affected by the APS-related heart valvulopathy [59].

We have recently investigated several indirect in vivo parameters of endothelial
dysfunction in aPL-positive patients: soluble adhesion molecules (sEselectin,
sICAM-1, sVCAM-1), soluble thrombomodulin (sTM), von Willebrand factor
(vWF), and t-PA evaluated by solid-phase assays. Plasma levels of soluble adhesion
molecule, as well as levels of sTM, vWF, and t-PA have been actually reported to be
increased in different disorders characterized by the presence of an endothelial per-
turbation [60, 61]. These parameters have been investigated in patients with APS
both primary and secondary to non-active systemic lupus erythematosus (SLE)
(ECLAM score ≤ 2) to avoid any potential variables related to the immune-mediated
inflammation sustained by the lupus disease itself. In addition a series of patients
was also investigated for: (i) the presence of circulating EC identified by flow cytom-
etry and (ii) the brachial artery flow mediated dilation (FMV) at rest, during reac-
tive hyperemia and after glyceryl nitrate. High levels of circulating EC have been
actually reported in patients suffering from disorders characterized by an endothe-
lial damage sustained by systemic immune mediated inflammation such as in
patients suffering from ANCA-associated vasculitis or by ischaemic processes [62].
On the other hand, an impaired endothelial dependent FMV was also reported in
comparable conditions [63].
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Plasma levels of soluble adhesion molecules sTM and t-PA did not differ in APS
patients in comparison with controls. On the contrary, significant increased vWF
titers were found in APS patients. No significant difference between patients and
controls was found regarding the number of circulating EC as well as the brachial
artery FMV (Meroni et al, submitted).

As a whole these findings suggest that aPL per se are not able to support a full-
blown endothelial perturbation in vivo. This finding is in line with the two hit
hypothesis and with the results reported in the experimental animal models in
which the infusion of aPL does not induce clot formation or a strong endothelial
activation in uninjured vessels unless a mechanical trauma or an inflammatory
trigger is also applied [25, 53, Fischetti et al, submitted]. Since Pierangeli et al
reported that aPL infusion is directly able to increase WBC adherence to the vessel
walls in the cremaster muscle microcirculation [25], it is possible that the endothe-
lial activation taking place in this experimental model might be at higher level than
that spontaneously occurring in APS patients. In other words, the endothelial per-
turbation could take place in patients but at a level that cannot be detectable by
using the indirect plasma parameters commonly available.

Mechanisms of EC Activation by aPL

Taking into account the hypothesis that β2-GPI and anti–β2-GPI antibodies play a
major role in EC perturbation, it has been suggested that the cell activation is likely
the consequence of the cross-link of the co-factor complexed with its receptor(s) by
the antibodies. The eventual result is the intracellular signaling with gene activation
for pro-inflammatory cytokine and adhesion molecule synthesis [64].

Translocation of nuclear factor-κB (NF-κB) from the cytoplasm to the nucleus
was reported to be involved in in vitro EC activation mediated by aPL (and particu-
larly by anti–β2-GPI antibodies) by three different groups [64–66, Vega-Ostertag et
al, submitted]. More recently, Pierangeli et al have demonstrated that EC activated
by aPL also displayed increased phosphorylation of p38 mitogen activated protein
kinase (MAPK) and the use of specific inhibitors was found to block cell activation
(Vega-Ostertag et al, submitted).

Interestingly, NF-κB and p38 MAPK inhibitors did not display a complete abro-
gation of the endothelial activation by aPL when used independently, so suggesting
that none of the pathways – per se – might be completely responsible for the whole
gene activation (Fig. 33.2).

However, the upstream signaling steps have been only partially characterized.
Our group has showed that both human monoclonal IgM as well as polyclonal
anti–β2-GPI IgG antibodies trigger an endothelial signaling cascade comparable to
that activated by LPS or interleukin (IL)-1 and involving TRAF6 and MyD88 [67].
We also found that anti–β2-GPI antibodies and LPS induce a comparable phospho-
rylation of the IL-1 receptor-activated kinase (IRAK) – the first kinase recruited by
the IL-1R/Toll Like Receptor (TLR) superfamily, but not by other receptors. These
findings raised the possibility that one of the signaling cascades triggered by aPL is
associated to TLRs [67].

Toll-like receptors are a key component of the innate immune response able to
recognize specific microbial products, including LPS, bacterial lipoproteins, pepti-
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doglycan, and bacterial DNA [68, 69]. All the members of the Toll family are type I
transmembrane proteins with an extracellular leucine rich repeat (LRR) domain and
an intracellular signaling domain known as TIR domain; such a common structure
makes them efficient membrane receptors able to drive a prompt inflammatory
response after their interaction with the specific ligands [68, 69]. As mediators of the
innate immunity TLRs are widely expressed in both lymphoid and non-lymphoid
tissues, including in particular EC, that express significant amount of TLR-4 [68, 69].

Anti–β2-GPI antibodies were shown to recognize β2-GPI peptides displaying a
molecular mimicry with common bacteria and viruses, both at the level of
aminoacid sequence and conformational structure [70, 71]. Such a homology was
thought to represent the rationale for the possible infectious origin of the syndrome
[72]. Because common microbial structures do represent the natural ligands for
TLRs, we speculate that β2-GPI might in turn interact with TLRs and that anti–β2-
GPI antibodies recognizing the molecule might cross-link it together with TLRs,
eventually triggering the inflammatory cascade.

Such a possibility likely appears to have a major role particularly during the
“thrombotic storm” in the so-called catastrophic variant of APS. On the other hand,
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lot of experimental evidence and preliminary clinical reports have suggested a close
association between aPL and accelerated atherosclerosis [73]. The widely accepted
prominent role of EC in the earliest events of the atherosclerotic process as well as
the recent finding of TLR increased expression in the plaques [74–76] offer an addi-
tional possible mechanism through which aPL (and particularly anti–β2-GPI anti-
bodies) may be involved in atherosclerosis.

Finally, the possibility that anti–β2-GPI antibodies activate EC through the
interaction with membrane receptors able to drive an inflammatory response
might explain the apparent paradox in annexin II studies. It has been actually
reported that annexin II might be a high affinity EC receptor for β2-GPI and that
anti–β2-GPI antibodies as well as bivalent specific anti-annexin II antibodies
induce a comparable EC activation. However, annexin II is known as a non-trans-
membrane protein and it has been suggested to require a yet unknown “adaptor”
protein to signal the cells [44]. We speculate that TLR-4 involvement could repre-
sent the cell membrane structure responsible for EC signaling transduction 
(Fig. 33.2).

Conclusions

The ability of aPL to interact with the endothelium is still an attractive potential
mechanism to explain the APS vasculopathy. However, the experimental evidence
for such a pathogenic mechanism is mainly from in vitro models and more in vivo
studies are necessary.

Understanding the events in EC perturbation by aPL might be useful in designing
new therapeutical modalities or in supporting current therapeutical approaches.
This is the case for the recent demonstration of the efficacy of statins in inhibiting
EC activation by aPL in vitro that was reproduced also in in vivo experimental
models [2, 77].

Finally, it is still open the question how local anatomical and/or functional factors
might be important in conditioning the susceptibility of the endothelium to activa-
tion/damage by aPL.
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34 The Influence of Antiphospholipid Antibodies
on the Protein C Pathway
Philip G. de Groot and Ronald H. W. M. Derksen

Introduction

Blood coagulation is the mechanism that maintains the integrity of the high pres-
sure closed circulatory system of blood. To prevent extravasations of the blood after
injury, the hemostatic mechanism, which includes platelets, coagulation, and
fibrinolytic proteins in plasma and endothelial cells, is activated. A platelet plug will
be formed that prevents further blood loss. Subsequently, the coagulation cascade
replaces the unstable platelet plug by the stable fibrin clot. An essential feature of
the hemostatic reaction is that platelet deposition and fibrin formation is localized
and limited to the immediate area of the injury. Therefore, it is essential that differ-
ent natural anticoagulant mechanisms are operative to regulate coagulation. When
the natural anticoagulant mechanisms do not function optimally, this will lead to
thrombotic complications. One of the most important natural anticoagulant
systems is the protein C pathway [1, 2]. The high number of patients that have been
described with heterozygous protein C or protein S deficiency and familial throm-
bophilia highlight the clinical importance of the anticoagulant properties of protein
C and protein S. Complete protein C deficiency represents a potentially lethal condi-
tion. Thrombotic complications can be controlled with protein C replacement
therapy [3, 4].

Antiphospholipid antibodies (aPL) are a heterogeneous group of autoantibodies
defined by 2 very distinct assay methods. One group, called lupus anticoagulant
(LA), is defined as antibodies that inhibit in vitro phospholipid dependent coagula-
tion assays. The second group, anticardiolipin antibodies (aCL), is defined by their
ability to bind to negatively charged phospholipids in an enzyme-linked
immunosorbent assay (ELISA) [5]. Paradoxically, the presence of aPL in plasma is a
major risk factor for the development of arterial and venous thrombosis and is not
associated with a bleeding diathesis, as would be expected when clotting times are
prolonged [6].

The pathophysiology that underlies the relation between the aPL in plasma and
the risk for thrombo-embolic complications is still unexplained [7] but an attractive
hypothesis is that the aPL interfere with (one of) the natural anticoagulant path-
ways in the body. In this chapter we will discuss one of these possibilities: a link
between aPL and the protein C system.
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Protein C axis

In the early 1980s, a phospholipid dependent antithrombotic pathway was
described that soon turned out to be one of the body’s major defense mechanisms
to uncontrolled coagulation. Vascular endothelium expresses a membrane bound
receptor on its surface, thrombomodulin, which binds thrombin and thereby alters
its substrate specificity. Thrombin bound to thrombomodulin is no longer able to
activate platelets or to convert fibrinogen into fibrin, but it converts a vitamin K
dependent protein, protein C, into activated protein C (APC) [8]. APC is a physio-
logical anticoagulant via its potential to inactivate clotting factors Va and VIIIa,
which results in inhibition of further thrombin formation (Fig. 34.1). Protein C acti-
vation by thrombin–thrombomodulin complex is further enhanced about 20-fold
when protein C is bound to the endothelial cell protein C receptor (EPCR).
Thrombomodulin also influences fibrinolysis. Thrombin bound to thrombomod-
ulin activates TAFI (thrombin inducible fibrinolysis inhibitor, carboxypeptidase B).
TAFI removes carboxyterminal lysine residues from fibrin, thereby preventing the
binding of tissue plasminogen activator (tPA) and plasmin(ogen) to fibrin. TAFI
thus reduces fibrinolysis. Activation of TAFI is thought essential for the stability of
a fibrin clot [9].

The role of the protein C axis extends beyond hemostasis. Activated protein C has
potent anti-inflammatory properties and administration of human activated
protein C significantly decreases mortality in patients with severe sepsis [10].
Furthermore protein C has a role in cell survival and cell proliferation [11].

Protein C is a vitamin K dependent glycoprotein with a molecular weight of 62
kDa. In blood it circulates as an inactive zymogen, mostly in the form of a two chain
molecule [12]. The thrombin–thrombomodulin complex activates protein C by
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splitting off a 12 amino acid activation peptide after cleavage at position Arg 169.
The plasma concentration of protein C is 4 µg/mL (65 nM) and the circulating level
of APC in healthy subjects is about 2.2 ng/mL [13]. The biological half-life of protein
C is about 8 hours. In plasma, APC is neutralized by forming complexes with 
the APC inhibitor (PCI or PAI-3), α1-antiproteinase (α1-antitrypsin) and α2-
macroglobulin. The inactivation of APC by PCI is accelerated by heparin [14].

Protein S, another vitamin K dependent protein, amplifies the activity of APC.
Protein S is a single chain plasma glycoprotein with a molecular weight of 70 kDa
[15]. The total plasma concentration of protein S is about 25 µg/mL (350 nM). The
biological half-life of protein S is 42.5 hours. Protein S forms a 1:1 complex with
APC on phospholipid surfaces. Two independent processes regulate the APC co-
factor activity of protein S. First, protein S is cleaved by thrombin, resulting is a
molecule that has lost its APC co-factor function [16]. The second inhibition of APC
co-factor activity of protein S is the result of its ability to form a 1:1 complex with
C4b binding protein (C4BP). Approximately 60% of plasma protein S circulates in
complex with C4BP. Only the free form of protein S has APC co-factor activity [17].
The complex between protein S and C4BP arises by a non-covalent association
between protein S and the β-chain of C4BP. About 80% of C4BP in the circulation is
composed of 7 α-chains and 1 β-chain, joined together by inter-chain disulfide
bridges in the C-terminal region. The remaining C4BP contains only α-chains.
During acute-phase reactions the plasma levels of C4BP increases dramatically.
However, due to the preferential synthesis of the α-chain, only β-chain-free C4BP is
synthesized. As β-chain-free C4BP cannot bind protein S, the levels of free protein S
remain stable during inflammation.

Thrombomodulin is an endothelial transmembrane protein consisting of a lectin
domain, 6 EGF domains, a carbohydrate rich domain, a transmembrane domain,
and a 36 amino acid long intracellular tail [18]. The thrombin-binding region is
located in EGF domains 5 and 6 but for protein C activation, the presence of EGF
domain 4 is also essential. Thrombomodulin expression is not restricted to the cell
membrane. There also exists a soluble form in plasma. Plasma concentrations of
soluble thrombomodulin are around 25 ng/mL. In many vascular disorders (includ-
ing diabetes mellitus) soluble thrombomodulin levels are increased [19].

Endothelial cell protein C receptor is a transmembrane protein homologous to
the major histocompatibility complex class 1 family members [20]. Human EPCR is
palmitoylated on the terminal cysteine, suggesting that ECPR is located in the cave-
olae of the cells. Large vessel endothelial cells predominantly express EPCR. Its
function is to concentrate protein C near the surface of the vessel wall and to
increase APC formation through mass action effects. When APC is generated, it
remains bound to EPCR for a short while. As long as APC is bound to EPCR, it
cannot inactivate factors Va and VIIIa. However, it can cleave the protease activat-
able receptor PAR-1, initiating responses in PAR-1 bearing cells.

The discovery of the concept of activated protein C resistance followed by the
explanation of the resistance by a mutation in clotting factor V further emphasizes
the importance of the protein C-axis as an antithrombotic pathway [21, 22]. During
blood coagulation factor V is converted into factor Va. Factor Va serves as a non-
enzymatic co-factor in the prothrombinase complex. The presence of factor Va
tremendously accelerates further thrombin formation [23]. Factor Va is inactivated
by proteolytic degradation of its heavy chain by APC. The inactivation is a sequen-
tial event; the first cleavage takes place at Arg 506, followed by cleavages at Arg 306
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and Arg 679. The first cleavage results in a partly inactivated form of factor Va with
30% residual activity, cleavage at Arg 306 results in a completely inactive molecule
[24]. In 1993, Dahlback and co-workers described patients with thrombophilia
whose plasma was resistant to APC [21]. With this APC resistance test large popula-
tions of thrombophilic patients could be characterized. In 1994, a point mutation in
factor V gene was identified as the genetic risk factor that described the patients
with APC resistance [22]. The point mutation is a GA transition of nucleotide 1691,
which predicts the synthesis of a variant factor V molecule with an Arg506Gln
mutation. Replacement of Arg 506 by Gln will prevent cleavage of factor Va by APC,
which results in a delay in the inactivation of factor Va and thus in sustained throm-
bin formation.

Specificity of aPL

Research over the last 15 years has shown that the subset of aPL that are related
to the risk for thrombo-embolic complications do not recognize phospholipids
alone. In conventional aCL and LA assays the antibodies are primarily directed
towards different phospholipid binding proteins, most notably β2-glycoprotein I
and prothrombin [25, 26]. Both β2-glycoprotein I and prothrombin bind to nega-
tively charged phospholipids. When bivalent complexes between 2 target mole-
cules and 1 antibody molecule are formed, the affinity for a phospholipid surface
of β2-glycoprotein I and prothrombin increases about 100 times, which subse-
quently favors the binding of the complexes to phospholipids over the binding of
other phospholipid binding proteins present in plasma, such as clotting factors
[27].

New studies on the correlation between clinical manifestations and the presence
of certain sub-populations of aPL suggested that specially those anti–β2-glycopro-
tein I antibodies that are able to prolong clotting times are clinical relevant [28].
The recognition that β2-glycoprotein I is the real target for aPL logically led to the
deduction that the pathogenesis of thrombosis is the result of interference of
anti–β2-glycoprotein I antibodies with the biological function of β2-glycoprotein I.
Despite different types of functions related to β2-glycoprotein I in in vitro assays,
individuals with complete deficiency of β2-glycoprotein I do not have an increased
thrombotic risk [29]. Also knockout mice for β2-glycoprtein I do not show an
increased occurrence of thrombo-embolic complications [30]. Apparently β2-glyco-
protein I is not involved in regulation of pro-or antithrombotic pathways. However,
in the presence of anti–β2-glycoprotein I antibodies, the situation may be different.
Due to the increased affinity of β2-glycoprotein I antibody complexes for phospho-
lipids, β2-glycoprotein I may now be able to interfere with the function of proteins
such as protein C and protein S, that only can express their biological activity in the
presence of negatively charged phospholipids.

Whether anti–β2-glycoprotein I antibodies are the only pathological subset of
autoantibodies is not known. A large number of antibodies directed to other phos-
pholipid binding proteins have been identified. The most interesting antibodies
found are antibodies directed against prothrombin, protein C, protein S, and
thrombomodulin, because the presence of these antibodies could be immediately
linked to thrombo-embolic complications [31, 32].
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aPL and the Protein C axis

The assembly of coagulation complexes on negatively charged phospholipid sur-
faces is a prerequisite for their activity: no exposure of anionic phospholipids, no
binding, no activity. Prolongation of clotting times in coagulation assays by aPL is
the result of competition between antibody–protein complexes and clotting factors
for the available catalytic surface. Also, assembly of the APC–protein S complexes
on anionic phospholipid surfaces is essential for the catalytic activity. Thus, it is
logical to assume that when aPL inhibit the binding of the clotting factors, they also
inhibit the binding of protein C and protein S and thereby their activity. Extensive
investigations, however, have shown that there are more interactions between aPL,
β2-glycoprotein I, and proteins of the protein C system. Long before the discovery of
the role of co-factors in the aPL syndrome, Canfield and Kisiel isolated an APC
inhibitor with a N-terminal amino acid sequence identical to β2-glycoprotein I [33].
This original and forgotten observation has been repeated and extended to charac-
terize aPL/β2-glycoprotein I as an inhibitor to the protein C system. The antiphos-
pholipid antibodies and/or β2-glycoprotein I can interfere with the protein C system
in different ways [34].

1. The antibodies inhibit the formation of thrombin, the activator of protein C (the
thrombin paradox)

2. The antibodies inhibit the activation of protein C via interference with thrombo-
modulin (anti-thrombomodulin antibodies).

3. The antibodies inhibit APC activity (acquired APC resistance). This can be
achieved:
(a) via inhibition of the assembly of the proteins on the anionic surface:
(b) via direct inhibition of APC activity;
(c) via antibodies against the cofactors Va and VIIIa.

4. The antibodies interfere with the level of protein C and/or S (acquired protein
C/S deficiency).

The Thrombin Paradox

At first glance it is not easy to understand that inhibition of thrombin formation
could cause thrombosis. In 1993, the group of Hanson et al made an interesting
observation [35]. They infused 2 U/kg/min thrombin in baboons that were con-
nected with an ex vivo thrombosis model. The low doses of thrombin reduced
platelet deposition and fibrin incorporation in the ex vivo thrombus. Circulating
APC levels increased significantly. This suggests that low doses of thrombin prefer-
entially activate protein C. These and other observations have led to the develop-
ment of the so-called thrombin paradox [36]: thrombin exerts both anti-and
prothrombotic properties (Table 34.1) and, as a consequence, thrombin is the key
factor in the regulation of hemostasis. When thrombin has so many different activi-
ties, its substrate specificity should be well regulated. One of the fundamental ideas
on thrombin activity is that, due to the affinity of thrombin for its substrates and
receptors, the concentration of the formed thrombin is one of the main factors that
determine its substrate specificity (Fig. 34.2). When only low concentrations of
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thrombin are formed protein C is preferentially activated and thrombin acts as an
antithrombotic agent. However, when more thrombin is formed, fibrinogen is con-
verted into fibrin and factors V and VIII are activated. Thrombin now expresses
prothrombotic properties. When large amounts of thrombin are formed, TAFI and
factor XIII are activated resulting in an antifibrinolytic response.

An attractive hypothesis to explain the prothrombotic action of aPL relies on its
well-known inhibitory effect on thrombin formation. Low concentrations of APC
circulate in normal individuals. This suggests a continuous activation of protein C
and thus a continuous low-level formation of thrombin. It can be hypothesized that
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Table 34.1. Substrates for thrombin.

Substrate Product Activity

Fibrinogen Fibrin Prothrombotic
Factor V Factor Va Prothrombotic
Factor VIII Factor VIIIa Prothrombotic
Factor XI Factor XIa Prothrombotic
Platelets Aggregation Prothrombotic
Protein S Inactivation Prothrombotic
Protein C APC Antithrombotic
Endothelial cells NO & PGI2 production Antithrombotic
Carboxypeptidase B (TAFI) Activation Antifibrinolytic
Urokinase Inactivation Antifibrinolytic
Factor XIII Factor XIIIa Antifibrinolytic

Figure 34.2. The thrombin paradox.



the presence of aPL inhibits this low-level thrombin formation and so decreases cir-
culating APC levels. After damage of a vessel, there now will be insufficient circulat-
ing APC to prevent uncontrolled thrombin formation and a thrombus is formed. In
this way aPL might shift the hemostatic balance to a more prothrombotic state. To
test this hypothesis, we measured levels of APC in patients with SLE and related the
levels to presence or absence of aPL. We found that levels of circulating APC were
significantly lower in patients with systemic lupus erythematosus compared to
normal controls, but, in contrast to what was expected, the lower levels of APC were
not correlated with the presence of antiphospholipid antibodies or anti–β2-glyco-
protein I antibodies [37]. We did find a correlation between APC levels and levels of
plasma prothromin and anti-prothrombin antibodies. Therefore, it can be specu-
lated that the presence of antiprothrombin antibodies results in lower prothrombin
levels and subsequently in lower circulating APC levels. Further studies are neces-
sary to validate this hypothesis.

Anti–thrombomodulin or Anti–EPCR Antibodies

In 1983, Comp et al described in an abstract that 2 out of 7 IgGs isolated from LA-
positive plasmas inhibited protein C activation by thrombin [38]. They claimed that
the antibodies were directed towards thrombomodulin. Two French groups using
purified thrombomodulin or endothelial cells as source of thrombomodulin
extended these observations [39, 40]. However, other groups did not support these
observations [41–43]. Potzsch et al tested IgGs of 46 different patients with LA and
found only 2 cases with reduced rates of APC formation [44]. The contradictory
results are not easy to explain. There is no doubt that in some patients antibodies
towards thrombomodulin can be detected. Whether these antibodies always inhibit
the functional activity of thrombomodulin is not known. Thrombomodulin activity
is regulated by the phospholipid composition in which it is incorporated. Therefore,
differences in assay conditions might explain the contradictory results. However, as
the frequency of antithrombomodulin antibodies in the populations tested is very
low, it cannot be a general mechanism that can explain the majority of the aPL-
related thrombotic events. A few publications showed raised levels of thrombomod-
ulin in the circulation of patients with the aPL syndrome [45]. Raised levels of
thrombomodulin point to an altered endothelial cell metabolism of thrombomod-
ulin, for example, an increased synthesis or a preferential secretion of newly synthe-
sized molecules. It is not necessarily associated with a decreased expression of
thrombomodulin on the endothelial cell surface. Moreover, circulating thrombo-
modulin might add to APC formation and be protective against thrombosis.

In a recent paper Hurtado et al [46] showed in a cohort of 43 patients with APS
syndrome and in a cohort of 87 patients with a first episode of unexplained fetal
death that the presence of anti-EPCR IgG and IgM are independent risk factors for
fetal loss with odds ratios (OR) of 23.0 and 6.8, respectively. In this respect it is
interesting to note that in women with unexplained fetal loss the presence of muta-
tions in the EPCR gene are more prevalent [47] and that disruption of the EPCR
gene in mice causes placental thrombosis and early embryonic lethality [48]. Most
likely, EPCR plays a key role in preventing thrombosis at the maternal–embryonic
interface and antibodies that inhibit EPCR activity might be a cause of the increased
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pregnancy morbidity in APS. More studies are necessary to follow this interesting
lead.

Acquired APC Resistance

In a group of 175 patients with systemic lupus erythematosus (SLE), Fijnheer et al
showed that hereditary APC resistance is not related to aPL [49]. However, a
number of publications have shown that aPL inhibit the binding of protein C and
protein S to negatively charged phospholipids, thereby inhibiting their activity [see
50–56]. The antibodies induce an “acquired APC resistance.” Also in a cohort of
pediatric patients a significant association between LA , acquired APC resistance,
and thrombotic events was found [57]. Interestingly not all LA affect APC activity
and the effects are not always seen in every test system [58]. Differences in test
systems and/or the heterogeneity of the antibody population influences the
outcome of the in vitro test systems. It is not clear whether the acquired APC resis-
tance is due to the presence of anti–β2-glycoprotein I antibodies [59, 60], anti-pro-
thrombin antibodies [61, 62], anti-protein S antibodies [55], or by combinations of
antibodies.

Smirnov et al showed that aPL require the phospholipid PE to have anti-APC
activity [63]. When the assays were performed in the presence of PE, aPL inhibited
APC activity more potently than prothrombinase activity. There are enough clinical
data that show that a partial reduction of prothrombin activation is not sufficient to
induce a bleeding diathesis in patients. However, a partial reduction of APC antico-
agulant activity is a major thrombotic risk [64]. The observation that oxidation of
PE enhances the anticoagulant activity of APC without influence on plasma clotting
times [65] strengthens the hypothesis on an important role of PE because oxidative
damage is believed to be involved in the genesis of the antiphospholipid syndrome.
It has been shown that lipid peroxidation has been increased in patients with aPL
[66].

In an elegant study, Mori et al showed that purified β2-glycoprotein I inhibits the
binding of protein C to phospholipids much better than the binding of prothrom-
bin, resulting in a prothrombotic effect [67]. aPL recognize protein C only in the
presence of β2-glycoprotein I [68]. These results suggest that aPL-induced protein C
dysfunction is mediated by β2-glycoprotein I.

An interesting but insufficiently studied option is that patients may have autoan-
tibodies directed against factor Va that protect this coagulation factor against inac-
tivation by APC. Kalafatis et al [69] described a patient with such an autoantibody
against factor V, almost complete APC resistance, and severe thrombotic manifesta-
tions. Whether these antibodies occur often in APS is not known.

Acquired Deficiencies of Protein C and/or Protein S

There are a number of publications describing acquired protein C or S deficiencies
in isolated patients with aPL syndrome [see 70, 71]. Studies in larger populations of
aPL- positive patients failed to show a correlation between decreased protein C
plasma levels and the presence of aPL. In one study, a small but significant decrease
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of plasma protein S levels was found, although protein S levels in the aPL antibody
group still were within the normal range [72]. Nojima et al [55] found a correlation
between acquired APC resistance and anti-protein S antibodies and suggested a
functional relationship, however, this observation was not confirmed in other
studies.

Atsumi et al [73] made an interesting observation. They found that β2-glycopro-
tein I down regulates the binding between protein S and C4Bp significantly and that
aPL abolish the β2-glycoprotein I inhibitory effect. Thus, aPL increase the affinity of
protein S for C4Bp which may result in an acquired free protein S deficiency. These
observations warrant further investigations.

In general, no decrease in protein C or protein S plasma levels were found in
patients with aPL, but in some individual cases a combination of low levels of
protein C or protein S in combination with the presence of aPL may be found. These
cases are probably very susceptible for thrombotic complications

Concluding Remarks

aPL are a heterogeneous population of antibodies directed against different phos-
pholipid binding proteins. It is not clear which mechanism is responsible for the
thrombogenic activity of all aPL. There is, however, an attractive hypothesis that sug-
gests that aPL selectively inhibit one of the dominant natural anticoagulant path-
ways, the protein C pathway. Most attention has been focused on the induction of an
acquired APC resistance, probably due to interference of the antibodies with binding
of protein C or S to negatively charged phospholipids It is questionable whether in
aPL-related thrombosis, an acquired APC resistance is responsible for both arterial
and venous events. Although exogenous APC could prevent arterial thrombosis in a
number of animal models, deficiencies in the protein C axis are correlated with
venous thrombosis and not with arterial thrombosis. A safe conclusion is that inter-
ference of the protein C pathway can explain a large part of the venous complications
in patients with APS. The observations that suggest a correlation between antibodies
against EPCR and pregnancy morbidity warrant further studies.
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35 Contribution of Tissue Factor to the
Pathogenesis of Thrombosis in Patients with
Antiphospholipid Syndrome
Chary López-Pedrera, Francisco Velasco, and Maria J. Cuadrado

Introduction

Antiphospholipid syndrome (APS) is an acquired autoimmune disorder of
unknown etiology. The syndrome is defined by the association of arterial or venous
thrombosis and/or pregnancy morbidity, in the presence of antiphospholipid anti-
bodies (aPL), anticardiolipin antibodies (aCL), and lupus anticoagulant (LA) [1].

aPLs are a heterogeneous family of autoantibodies with diverse cross-reactivities
whose origin and role have not been fully elucidated. It is now recognized that many
of the autoantibodies associated with APS are directed against phospholipid
binding plasma proteins, such as β2-glycoprotein I (β2-GPI) and prothrombin, or
phospholipid–protein complexes [2], expressed on or bound to the surface of vas-
cular endothelial cells, platelets, or monocytes [3].

β2-GPI, a plasma protein bearing the major antigenic epitope for aPL, interacts
with negatively charged phospholipids involved in the coagulation process, and has
both procoagulant and anticoagulant properties. β2-GPI suppresses the thrombo-
modulin–protein C system [4], factor XII activation, factor X activation, and pro-
thrombinase activity. Antibodies against β2-GPI may modify the properties of
β2-GPI and favor a prothrombotic state. However, individuals with β2-GPI
deficiency do not have a thrombotic tendency [5]; thus, aPL-associated thrombosis
cannot be explained merely by β2-GPI insufficiency.

Prothrombin, another plasma protein, is the second major target of aPL and the
zymogen of the serine protease thrombin [6]. Thrombin is one of the most potent
enzymes, and it catalyzes several reactions which may be important in blood coagu-
lation. In this way, recent studies have demonstrated that anti-prothrombin anti-
bodies with LA activity can inhibit coagulation reactions in a phospholipid and
prothrombin dependent manner, by enhancing the intrinsic inhibitory effect of pro-
thrombin itself [7]. Therefore, aPL may also modify prothrombin properties, ulti-
mately leading to a thrombotic state.

Thrombosis is the key lesion of the APS [8]. Several non-exclusive mechanisms
have been proposed to explain the involvement of aPL in the pathogenesis of
thrombosis in APS, including the induction of tissue factor (TF) expression by
endothelial cells and monocytes [9, 10]. This chapter focuses on the contribution of
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TF to the pathogenesis of thrombosis in patients with APS and the intracellular
mechanisms involved in TF expression.

TF Pathway and Thrombosis in APS

TF is a specific transmembrane single chain glycoprotein composed of 263 amino
acids (47 kDa), that requires interaction with specific membrane phospholipids (PL)
to become functionally active [11–13]. TF serves as both high-affinity receptor and
enzyme activator for plasma FVII or FVIIa in initiating a localized procoagulant
activity (PCA) on the anionic PL cell surface. TF is widely accepted to be the major
initiator of in vivo coagulation [14]. It is also believed that TF has a key role in fibrin
deposition in immunologic disorders, as well as in disseminated intra-vascular
coagulation and clot formation in gram-negative bacterial sepsis, cancer, and
inflammatory bowel disease [12, 13, 15]. TF is expressed on the surface of many cell
types but, in the resting state, is normally absent from cells in contact with blood.
However, TF can be induced, in vitro, to appear on endothelial cells and monocytes
in a transcriptionally regulated manner by several physiologic or non-physiologic
stimuli [16–18].

In APS patients, our recent in vivo studies have shown that patients with primary
APS have increased expression of TF on the monocyte surface, along with increased
mRNA-TF, TF antigen, and activity levels in peripheral blood mononuclear cells,
where the source of TF is the monocyte [19–21]. Moreover, TF expression was
found increased in APS patients with thrombosis when compared with those
without and with healthy controls. TF expression in these patients was found to be
further increased in those positive for IgG aCL, but not in those positive for IgM
aCL of LA. In addition, TF expression in APS did not appear to be related to plasma
levels of tumor necrosis factor α (TNF-α) and interleukin 1β (IL-1β), two
inflammatory mediators that influence TF production, suggesting that inflamma-
tory changes do not determine TF production in the steady state.

Recent evidence has suggested a role for the TF pathway in the pathogenesis of
aPL-related thrombosis. Experimental data have shown that procoagulant activity
in cultured EC and monocytes is induced by plasma from patients with APS and by
purified aPL [22]. Furthermore, it has been demonstrated that antibodies against β2-
GPI induce the expression and activity of TF in vitro [10]. In addition, β2-GPI
expression on monocytes is significantly increased in patients with APS and corre-
late with TF expression, thus contributing to the maintenance of a persistent pro-
thrombotic state [23].

Signal Transduction Mechanisms Associated with the
Increased Expression of TF in Response to aPL

The mechanism(s) by which aPL induce TF expression is unknown. A potential role
or Fcγ receptors (FcγR) in the pathogenesis of APS was suggested [24], but
Pierangeli et al [25] showed in a murine model that these effects are not dependent
on binding of antibody to FcγR. Rand and coworkers have proposed a thrombo-
genic mechanisms [26, 27] in which the high affinity of the aPL for anionic PL
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bound proteins on the cell surface may in itself explain the prothrombotic effects
including TF expression. They suggest that annexin V has a physiologic role in
inhibiting coagulation, by forming clusters that bind with high affinity to anionic PL
on cell surfaces exposed to flowing blood, and thus fully shielding these surfaces
from the assembly of the TF–FVIIa and other coagulation complexes. More
recently, annexin II, a phospholipid binding protein, has been identified as an EC or
monocyte surface molecule and might be involved in aPL mediated cellular signal-
ing, playing a critical role in the upregulation of monocyte TF [28].

At a molecular level, it has been suggested that aPL may interact with specific cell
surface receptors (proteins and/or lipids), inducing signals that have consequences
downstream, that ultimately will result in upregulation of cell surface proteins (i.e.,
TF). In an in vitro recent study, Pierangeli et al [29] have shown that aPL induces
activation of the nuclear factor kappa B (NFκB) in EC. In turn, NFκB activation
leads to upregulation of gene transcription of adhesion molecules on EC and to ini-
tiation of various signal transduction pathways. In an in vivo recent study, our
group has studied the activation of NFκB and the expression of its inhibitor IκBα in
monocytes from patients with primary APS and their association with monocyte TF
expression.

Our study, performed on purified monocytes from APS patients, showed both
increased proteolysis of the cytoplasmic inhibitory protein IκBα and nuclear
translocation and activation of the NFκB proteins p65 and p50, compared to con-
trols. Moreover, NFκB activation was accompanied by an increased expression of
TF in these patients. Furthermore, the analysis of the p38 and pERK MAP kinase
activity, which have been demonstrated to be involved in the aPL induced upregula-
tion of TF in endothelial cells [29], indicated that mean levels of phosphorylated
forms of p38 and ERK1/2 MAP kinases were significantly higher in monocytes of
APS patients compared to controls. In addition, Pearson’s relational statistic indi-
cated significant inverse correlation between levels of pp38 MAP kinase and IκBα (P
= 0.018). Hence, increased levels of pp38 correlated with diminished levels of
cytosolic IκBα expression. Thus, our data might suggest an implication of p38 MAP
kinases in NFκB activation in monocytes of APS patients [30].

As an intermediate early gene in activated EC, TF is rapidly induced in response
to pathophysiologically relevant stimuli such as cytokines and growth factors,
including vascular endothelial growth factor (VEGF), in EC and monocytes [31].
VEGF is a critical regulator of angiogenesis that stimulates proliferation, migration,
and proteolitic activity of EC. Although the mitogenic activity of VEGF is EC
specific, recent reports indicate that VEGF is able to stimulate chemotaxis and TF
production in monocytes [32]. Previous studies have demonstrated significantly
higher levels of plasma VEGF in APS patients compared to control [33]. In a recent
study by our group, and in order to elucidate the origin of this plasma VEGF, we
measured VEGF expression in monocytes from APS patients by several methods,
including real time polymerase chain reaction (RT-PCR), Western blot, immunocy-
tochemistry, and flow cytometry. We found significantly higher levels of both
mRNA and protein VEGF in monocytes from APS patients compared to controls,
thus pointing to the monocytes as the possible source of this plasmatic VEGF. In
addition, increased VEGF expression correlated positively with the levels of both
mRNA and cell surface TF expression. VEGF stimulated activity in monocytes is
mediated by the VEGF receptor Flt-1. Monocytes, in contrast to endothelium,
express only this specific receptor, which functions as a mediator of monocyte
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recruitment and procoagulant activity [34]. In our study, VEGF-Flt-1 expression in
monocytes from APS was found elevated in parallel with VEGF. Moreover, a posi-
tive correlation was found between the expression of this receptor and that of
monocyte TF. Thus, increased VEGF activity could be responsible for TF overex-
pression in monocytes of APS patients [35].

Recent studies have suggested that p38 and ERK1/2 MAP kinases are two essen-
tial mediators of VEGF-induced endothelial TF [36]. Moreover, VEGF induced acti-
vation in monocytes and EC has been proved to be mediated by p38 MAP kinase
pathway. Our group recently showed that phosphorylated forms of p38 and ERK1/2
were significantly increased in APS patients compared to controls (described in pre-
vious paragraphs). The increased ERK activity observed (which did not seem to be
involved in NFkB activation) might play a role as a mediator of VEGF induced TF
expression in monocytes of PAS patients, as suggested for EC [36]. Nevertheless, as
p38 MAP kinase has also proved to be involved in both the upregulation of VEGF
[37, 38] and the VEGF induced activation of TF expression, an additional and may
be independent role for this kinase cannot be ruled out. Additional in vitro studies
are required to evaluate this hypothesis.

TF and Therapeutic Intervention in APS

APS is associated with an increased risk of recurrent thrombosis [39], being throm-
boprophylaxis similar to that used in the general population. However, the contri-
bution of TF to a prothrombotic state in this syndrome provides a renewed focus on
antithrombotic therapies in current use (i.e., oral anticoagulation) and supports the
need for antithrombotic strategies that more specifically target the activity of the
TF–VIIa complex or the antibody mediated TF expression.

Oral anticoagulation reduces the availability of functional FVII and minimizes
thrombotic risk, even if TF is highly expressed. Retrospective studies have strongly
suggested the efficacy of high-intensity oral anticoagulation for the prevention of
recurrent thrombosis in APS, but there is some debate regarding the duration of
therapy. High recurrence rates have been seen after the cessation of anticoagulant
therapy as well as in patients who were not receiving anticoagulants, suggesting that
patients with APS require long-term treatment [39]. In patients with APS, monocyte
TF expression and procoagulant activity remain high for years after the last throm-
botic episode despite receiving oral anticoagulants [19]. Thrombotic complications
should be expected if the intensity of anticoagulation drops below target values.

Strategies aimed to prevent antibody mediated TF overproduction or agents that
could lower TF expression by other mechanisms must be identified. In this regard,
the newly discovered anti-inflammatory, anticoagulant, antiproliferative, and
immunoregulatory effects of statins are of great interest. These compounds are
being tried as an additional therapeutic tool in the treatment of thrombosis in APS
patients. Meroni et al [40] have recently described the effects of statins on EC acti-
vated in vitro by pro-inflammatory cytokines and/or by aPL (anti–β2-GPI antibod-
ies). Fluvastatin and simvastatin were found to be able to inhibit the induction of a
pro-adhesive and pro-inflammatory phenotype in a specific manner because the
addition of mevalonate reversed the inhibition.

Statins effects on coagulation process have also been described. Statins have
antithrombotic properties although the mechanisms leading to this effect are still
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unclear. Undas et al [41] found that simvastatin treatment reduces blood clotting by
decreasing rates of prothrombin activation, factor Va generation, fibrinogen cleav-
age, factor XIII activation, and increased rate of factor Va inactivation.
Furthermore, impaired TF expression on cultured human macrophages and mono-
cytes induced by statins has been demonstrated in vitro and has been attributed to
the inhibition of the TF gene induction [42, 43]. If statins are able to reduce, in vivo,
the TF expression in these patients, this could have an important impact in the
future therapeutic approach of patients with aPL.

Conclusions

Increased TF expression may contribute to thrombosis in patients with APS. This
effect might ultimately depend on antibody engagement of PL binding proteins on
the monocyte and the EC surface, leading to signal transduction and altered cell
activity. Understanding the intracellular mechanism(s) of aPL mediated TF activa-
tion may help to establish new therapeutic approaches to revert the prothrombotic
state observed in APS patients.
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36 Annexins in Antiphospholipid Syndrome
Jacob H. Rand and Xiao-Xuan Wu

Introduction

Annexin A5 is a potent anticoagulant protein that binds to anionic phospholipid
containing bilayers with high affinity. The protein has potent anticoagulant proper-
ties that are a consequence of its forming two-dimensional crystals that shield the
bilayers from being available for critical coagulation enzyme reactions.
Autoantibodies against phospholipid binding proteins or against annexin A5 itself
may disrupt the crystallization of the annexin A5 shield, expose anionic phospho-
lipids (PL), and thereby make them available for phospholipid dependent coagula-
tion reactions. This interference with annexin A5 crystallization may be a
mechanism for pregnancy losses and thrombosis in antiphospholipid syndrome
(APS) – a condition that is also known as the Hughes syndrome.

Anticoagulant Effect of Annexin A5

The various annexins were isolated from different tissues, characterized by different
research groups, and given different names prior to their becoming recognized to
be a homologous family of proteins in 1990 [1]. The family is composed of several
thousand different proteins that have been identified in eukaryotic phyla [2]. Their
canonical structure consists of repetitive homologous domains of about 70 amino
acids, with almost all of the annexins having 4 of these domains. The unique amino
terminal tails are thought to contribute to each of the protein’s unique properties.
The protein forms highly ordered two-dimensional crystalline arrays over the bilay-
ers [3–5] [Fig. 36.1(A)]. The monomer of annexin A5 is a concave disk, with the
phospholipid membrane binding domain and calcium binding domains located on
the convex surface. These monomers assembles into large, slightly convex crystals
on membranes that, when added to large spherical phospholipid vesicles, form
planar facets that transform the vesicles into polyhedrons [6]. Annexin A5 appears
to be synthesized ubiquitously, but is especially highly expressed by cells that serve
a barrier function between tissues and an extracellular fluid [7], such as vascular
endothelial cells, placental trophoblasts, proximal renal tubules, and bile ductules.

As mentioned above, the anticoagulant properties of annexin A5 result from its
shielding phospholipids from availability for coagulation reactions. Phospholipids
are critically required for the sequence of blood coagulation reactions from their
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initiation by the exposure of the transmembrane protein tissue factor (TF) through
the reaction that generates thrombin. This requirement localizes coagulation reac-
tions to sites of vascular injury. TF, in complex with adjacent phospholipids, binds
circulating coagulation factor VII, which becomes activated to VIIa. The TF–phos-
pholipids–VIIa complex then binds to, and then cleaves, each of its substrates – the
zymogens, factor X, and factor IX – to generate their active enzyme forms, factors
Xa and IXa. Each of these enzymes, in turn, cleaves its own substrate – factor II
(also known as prothrombin) and factor X, respectively – through the enzyme–co-
factor–substrate complexes that require also anionic phospholipids, in particular
phosphatidylserine [8], for assembly. These are the factors Xa–Va–II complex (also
known as “prothrombinase”) that results in the generation of factor IIa (also known
as thrombin), and the factors IXa–VIIIa–X complex (also known as “tenase”) that
augments the formation of factor Xa. The thrombin that is generated then cleaves
fibrinogen to form fibrin, has a number of additional complex effects on coagula-
tion proteins and anticoagulant proteins, and also triggers signaling events on
platelets and other cells.

Role of Annexin A5 in Placental Trophoblasts and Vascular
Endothelium

The role of annexin A5 in pregnancy has been recently reviewed [9]. Annexin A5 is
highly expressed by placental trophoblasts, in an apparently constitutive manner

Figure 36.1. Crystal structure of annexin A5 and its disruption by monoclonal aPL. (A) An atomic force image of
annexin A5 that has formed a highly ordered two-dimensional crystal over a phospholipid bilayer composed of
30% phosphatidylserine/70% phosphatidyl choline that was formed on a mica chip. (B) When an aPL mAb and
β2-glycoprotein I were added to the pre-formed annexin A5 crystal lattice on the bilayer, vacancy defects (small
round dark holes) appeared, indicating disruptions in the crystal lattice. (Reprinted from Rand JH, et al. Human
monoclonal antiphospholipid antibodies disrupt annexin a5 anticoagulant crystal shield on phospholipid bilay-
ers: evidence from atomic force microscopy and functional assay. Am J Pathol 2003;163:1193–1200, with per-
mission from the American Society for Investigative Pathology.)
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and is abundant on the apical surfaces of syncytiotrophoblasts (Fig. 36.2) [10], an
anatomic position where it can to modulate blood fluidity in the maternal circula-
tion through the intervillous space. The protein assembles on the apical membranes
that express phosphatidylserine [11]. In an animal model, annexin A5 was shown to
serve a thrombomodulatory role in the placental circulation where it was necessary
for maintenance of placental integrity [12]; infusion of antibodies against annexin
A5 resulted in placental infarction and pregnancy losses. Dissociation of annexin A5
from the surfaces of cultured human trophoblasts by treatment with EGTA exposes
the unshielded apical membranes to circulating blood and accelerates coagulation
of plasma exposed to the cells [13]. Pre-eclamptic placentas have decreased annexin
A5 on their trophoblasts, and the degree of the decrease correlates with elevation of
markers for activation of blood coagulation [14]. In an in vitro study, a monoclonal
anti-annexin A5 antibody, bound to syncytialized trophoblasts, induced trophoblast
apoptosis and significantly reduced gonadotrophin secretion [15].

Annexin A5 may also have a thrombomodulatory role in the systemic vascula-
ture. The protein was isolated from bovine aortic intima as vascular anticoagulant-
α [16]. It was immuno-localized to vascular endothelial cells [7] and was shown to
be expressed in cultured human umbilical vein endothelial cells (HUVECs) [17].
Dissociation of the protein from the apical membranes of cultured HUVECs by aPL
accelerated coagulation of plasma exposed to these cells [13].

Taken together, the available data support the hypothesis that annexin A5 plays a
antithrombotic role on the apical surfaces of placental syncytiotrophoblasts that
line the placental villi and face the maternal blood. It is also possible that annexin
A5 may play a similar role in the systemic vasculature.

Figure 36.2. Immunohistochemical staining for annexin A5 in human term and first trimester placental chorionic
villi. (A) Immunoreactivity of term placental villi incubated with affinity purified anti-human annexin A5 IgG. The
brush border of the syncytiotrophoblast apical surface stains for immunoreactive annexin A5 (arrows). Note the
dense immunostaining of vesicles present within the cytoplasm of the syncytiotrophoblast layer. IVS = intervil-
lous space. Original; magnification, 400x. (B) Immunoreactivity of first trimester placental villi incubated with
affinity purified anti-human annexin A5 IgG. Heavy immunostaining for annexin A5 localizes to the apical
surface of the syncytiotrophoblast layer (arrows) as well as adjacent cytotrophoblasts. Original magnification,
1000x. (Reprinted with permission from Krikun G, et al. The expression of the placental anticoagulant protein,
annexin V, by villous trophoblasts: immunolocalization and in vitro regulation. Placenta 1994;15:601–612, with
permission from Elsevier.)
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aPL Antibody Mediated Targeting of the Annexin A5
Anticoagulant Shield

Reduced expression of immunohistochemically detectable annexin A5 on placental
villi of patients with the APS has been reported [18], however, others did not find
annexin A5 to be decreased in most [19] or all [20, 21] of the aPL placentas that
they examined. Because both aPL and annexin A5 have affinity for anionic phos-
pholipids, we proposed the possibility that aPL might interfere with annexin A5
binding to phospholipid membranes [13].

IgG fractions from APS patients reduce the quantity of annexin A5 on cultured
placental villi [18, 22], trophoblasts (primary cultures of trophoblasts, as well as the
BeWo cell line) [Fig. 36.3(A,B)], and cultured HUVECS [13], and platelets [23]. aPL
IgGs also accelerate the coagulation of plasma which is incubated with cultured tro-
phoblasta and endothelial cells following their exposure to the antibodies [13] [Fig.
36.3(C)]. A monoclonal antiphosphatidylserine antibody reduced the level of
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Figure 36.3. Effects of antiphospholipid IgG antibody on annexin A5 and plasma coagulation on trophoblasts.
Cultured trophoblasts (from the BeWo cell line) grown to confluence were exposed to IgGs purified from sera
with protein G–sepharose (final IgG concentrations: 2 mg/mL) from 3 patients and their controls for 2 hours at
4°C to inhibit the recycling of membranes and vesicles. Annexin A5 was then dissociated with buffer containing
EGTA and measured by immunoassay. (All tests were performed in quadruplicate.) Panel A shows that the mean
(± SE) level of annexin A5, indicated by the horizontal line and error bar, was significantly lower after exposure
to antiphospholipid IgG than after exposure to control IgG (0.37 ± 0.02 vs. 0.85 ± 0.12 ng/well, P = 0.02). Panel
B shows how antiphospholipid IgG affects annexin A5 levels on primary cultured trophoblasts and BeWo tro-
phoblasts. (The data on the former were normalized for the DNA concentration, and both sets of data were nor-
malized as percentages of the control values so that the two cell types could be shown together.) Annexin A5
levels on the surface of both types of trophoblasts were significantly reduced (P < 0.001 for both). Panel C shows
the coagulation time of plasma added to BeWo trophoblasts exposed to preparations of IgG from the 3 patients
for 2 hours at 4°C, as compared with controls. In these experiments, annexin A5 was not dissociated from the
cells. The mean (± SE) coagulation time was significantly shorter in the antiphospholipid–IgG exposed tro-
phoblasts than in the controls (8.7 ± 2.0 vs. 21.3 ± 2.9 minutes, P = 0.02). (Reprinted with permission from Rand
JH, et al. Pregnancy loss in the antiphospholipid-antibody syndrome – a possible thrombogenic mechanism. N
Engl J Med 1997;337:154–160, copyright © 1997 Masssachusetts Medical Society. All rights reserved.)
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annexin A5 on cultured syncytialized BeWo trophoblasts and concurrently
increased their binding of prothrombin [24].

The aPL antibody mediated reduction of annexin A5 does not require cellular
membranes; displacement also occurs on artificial phospholipid bilayers. This has
been demonstrated by the techniques of ellipsometry [23], measurements of protein
levels [23, 25], coagulation assays [23], and, most recently, through atomic force
microscopic imaging [4] [Fig. 36.1(B)]. IgG fractions of aPL displace annexin A5 in
a β2-glycoprotein I (ß2-GPI) dependent manner [23]; this displacement of annexin
A5 results in acceleration of coagulation [23, 26]. Monoclonal murine [27] and
human [28] aPL also displace annexin A5 and accelerate coagulation reactions. IgG
fractions isolated from patients with the aPL reduce the binding of annexin A5 to
phospholipid coated microtiter plates; this reduction of annexin A5 binding is
dependent upon anti–ß2-GPI antibodies and correlates with clinical thrombosis
[29]. One group was unable to find that aPL IgG antibodies reduce annexin A5
binding [30] or reduce annexin A5 mediated anticoagulant activity [31].

Figure 36.4. Annexin A5 resistance assays in APS, aPL without thrombosis, and in non-aPL thrombosis. The
annexin A5 anticoagulant ratio for the aPL syndrome with thromboembolism group (A) was significantly
decreased (mean ± SD, 182 ± 31%, n = 25) as compared to the aPL without thrombosis history group (B) (210 ±
35%, n = 26, P < 0.01), the non-aPL thromboembolism group (C) (229 ± 16%, n = 15, P < 0.001), and the
normal healthy control group (D) (231 ± 14%, n = 30, P < 0.001). The ratio for the plasmas from the aPL without
thrombosis history group (B) also significantly reduced as compared to the normal healthy control group (D) (P
< 0.05). There were no significant differences in annexin A5 anticoagulant ratio for the non-aPL. (Reprinted
from Rand JH, et al. Detection of antibody-mediated reduction of annexin A5 anticoagulant activity in plasmas
of patients with the antiphospholipid syndrome. Blood 2004;104:2783–2790.)
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Assays for annexin A5 binding and anticoagulant activity that could be applicable
to clinical blood samples have recently been described [23, 25, 32, 33]. Plasmas of
patients with thrombosis and aPL significantly reduced annexin A5 anticoagulant
activity compared to plasmas of patients with genetic thrombophilias and normal
healthy controls [32] (Fig. 36.4). This supports the concept that antibody mediated
disruption of annexin A5 function may play a thrombogenic role in both the placen-
tal and systemic blood circulations.

A model for this mechanism for the aPL mediated acceleration of coagulation
that we initially described in 1998 [23], and referred to as the lupus procoagulant
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Figure 36.5. Proposed model for the “lupus anticoagulant effect” paradox and  a “lupus procoagulant effect”: 
(A) Anionic phospholipids (negative charges), when exposed on the apical surface of the cell membrane bilayer,
serve as potent cofactors for the assembly of 3 different coagulation complexes: the tissue factor (TF)–VIIa
complex, the IXa–VIIIa complex, and the Xa–Va complex, and thereby accelerate blood coagulation. The TF com-
plexes yields factors IXa or factor Xa, the IXa complex yields factor Xa, and the Xa formed from both of these
reactions is the active enzyme in the prothrombinase complex which yields factor IIa (thrombin), which in turn
cleaves fibrinogen to form fibrin. (B) Annexin A5, in the absence of aPL, serves as a potent anticoagulant by
forming a crystal lattice over the anionic phospholipid surface, shielding it from availability for assembly of the
phospholipid dependent coagulation complexes. (C) In the absence of annexin A5, aPL antibody–β2-GPI com-
plexes can prolong the coagulation times, compared to control antibodies. This occurs via antibody recognition
of domains I on the β2-GPI, which results in dimers and pentamers of antibody–β2-GPI complexes having high
affinity for phospholipid via domain V. These high affinity complexes reduce the access of coagulation factors to
anionic phospholipids. This may result in a “lupus anticoagulant” effect in conditions where there are limiting
quantities of anionic phospholipids. 
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effect, is shown in Figure 36.5. This mechanism also offers a plausible explanation
for the paradoxical association of the lupus anticoagulant effect with thrombosis
rather than bleeding.

Antibodies Against Annexin A5 in Patients with APS

In addition to the effects of antibodies with aPL specificities described above, some
patients with APS also have evidence for antibodies that are directed against
annexin A5 itself. Antibodies against annexin A5 were reported to be increased in
patients with recurrent miscarriages [34] and were reported [35] to be independent
risk factors associated with pregnancy losses [36, 37]. An association with preg-
nancy loss was also reported in patients with systemic lupus erythematosus (SLE)
[38]. In another of the studies, elevated anti-annexin A5 antibodies were associated
with the presence of elevated aPL in patients with recurrent miscarriages, but were
not an independent risk factor [34]. In one of the studies cited above [35], elevated
anti-annexin A5 antibody levels were also associated with recurrent in vitro fertil-
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Figure 36.5. (continued) (D) In the presence of annexin A5, aPL, either directly or via interaction with
protein–phospholipid cofactors, disrupt the ability of annexin A5 to form ordered crystals on the phospholipid
surface. This results in a net increase of the amount of anionic phospholipid available for promoting coagulation
reactions. The aPL–co-factor complexes expose significantly more phospholipids by disrupting the annexin A5
shield than they block by direct binding. This manifests in the net acceleration of coagulation in vitro, that is, a
“lupus procoagulant effect” – and in thrombophilia in vivo. (Reprinted with permission from Rand JH. Molecular
pathogenesis of the antiphospholipid syndrome. Circ Res 2002;90:29–37, copyright © 2002 Lippincott Williams
& Wilkins.)
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ization – embryo transfer (IVF-ET) failure. Another group, however, reported a low
prevalence of anti-annexin A5 antibodies in patients with the aPL and recurrent
spontaneous pregnancy losses [39]. No association was found between IgA anti-
annexin A5 antibodies and pregnancy complications such as early recurrent sponta-
neous abortions and recurrent IVF–ET failures [40]; interestingly, although IgG
anti-annexin A5 antibodies were associated with pregnancy complications in this
study, they were found to be independent of aPL.

Antibodies against annexin A5 have also been reported to be increased in
patients with thrombosis [41, 42]. However, there are conflicting data on this [38,
43, 44]. It is interesting to note that elevated antibodies against 2 other annexins –
annexin A4 [42] and annexin A11 [45] – have also been reported to be associated
with vascular thrombosis.

Conclusions

In conclusion, annexin A5 is a potent anticoagulant protein that forms 
an antithrombotic shield over anionic phospholipids containing bilayers.
Autoantibodies may interfere with this shielding function via high affinity antibod-
ies that recognize phospholipid binding proteins that are capable of interfering with
the assembly of the annexin A5 shield on phospholipid surfaces or via direct recog-
nition of annexin A5 functional epitopes by autoantibodies. Antibody mediated
interference with the integrity of the two-dimensional annexin A5 crystal shield
may be a mechanism for thrombosis and for pregnancy complications, including
recurrent spontaneous pregnancy losses, in APS.
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37 Plasminogen Activation, Fibrinolysis, and
Cell Proteolytic Activity in Antiphospholipid
Syndrome
Eduardo Anglés-Cano

Fibrinolysis and Extracellular Proteolysis in the 
Vascular Wall

The basic mechanism underlying fibrinolysis and pericellular proteolysis is the
transformation of plasminogen into plasmin by tissue type or urokinase type plas-
minogen activators (u-PA, t-PA) on, respectively, fibrin or cell surfaces (Fig. 37.1).
These plasminogen activators and a specific inhibitor (PAI-1) are synthesized and
released by endothelial and smooth muscle cells, and by leukocytes infiltrating the
vascular wall [1]. These cells also express receptors for plasminogen and u-PA (u-
PAR/CD87) that allow their molecular assembly and efficient plasmin formation for
pericellular proteolysis [2–4]. The latter includes extracellular matrix remodelling,
cell migration, and proteolytic activation of metalloproteinases (collagenases) and
growth factors. It has been well demonstrated that single chain u-PA (pro-uroki-
nase) is the most important activator for pericellular proteolysis in the extravascu-
lar space. In contrast, fibrinolysis, the basic mechanism for clot dissolution in the
intravascular space, is triggered by the assembly of circulating plasminogen and t-
PA released from endothelial cells [5] (Fig. 37.1). However, recent studies suggest
that pro-urokinase, which has no affinity for fibrin, may induce fibrin specific lysis
by activating plasminogen bound to new binding sites unveiled by plasmin on
degrading fibrin [6]. Furthermore, although endothelial t-PA is the main plasmino-
gen activator in the intravascular space, it can also be synthesized by vascular
smooth muscle cells and by neurons [7] and can locally favor the development of
cell proteolytic activity that may participate in cell migration or in cell detachment
induced apoptosis [8].

These mechanisms are regulated at the plasminogen activator level by PAI–1
present in plasma or released from cells in the vascular wall (Fig. 37.2). PAI–1 reacts
with single chain and two chain t-PA and with two chain u-PA, but not with single
chain u-PA. The second order rate constant for inhibition of these enzymes is in the
order of 107 M–1 s–1. A second type of inhibitor of plasminogen activators and
plasmin, protease nexin-1, which also inhibits thrombin, has been identified in the
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central nervous system and in the vascular wall, where it may play a role in the reg-
ulation of pericellular proteolysis [9–11].

Plasmin, once formed, remains bound to the cell membrane or to the surface of
fibrin, a condition that prevents inhibition by α2-antiplasmin. However, plasmin
released into the circulation during fibrinolysis is rapidly inhibited by α2-antiplas-
min with a second order rate constant of 2 to 4 × 107 M–1s–1.

In conclusion, surface activation on fibrin and cells, and fluid phase inhibition in
plasma and extracellular fluids, ensure the specificity of fibrinolysis, control the
extent of fibrin degradation, and regulate important cellular proteolytic functions.

The activation of plasminogen may be abnormally inhibited, however. For
instance, the atherogenic lipoprotein Lp(a) may interfere with fibrinolysis and peri-
cellular proteolysis by its ability to compete with plasminogen for binding to fibrin
and cell membranes [12]. The different population of autoantibodies observed in
APS may disturb fibrinolysis and contribute thereby to vascular complications [13].
Thrombosis may therefore result from an impaired or insufficient fibrinolytic cellu-
lar response to vascular injury provoked by factors such as Lp(a) and autoantibod-
ies. The relationship between auto-antibodies and the plasminogen activation
system in APS is analyzed in this chapter.
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Figure 37.1. Fibrinolysis and extracellular proteolysis in the vascular wall. Cross-section of an arteriole. The
endothelial cell lining is marked with a peroxidase labeled antibody directed against the tissue-type plasmino-
gen activator (t-PA) [78]. Circulating plasminogen bound to fibrin and membrane proteins is transformed into
plasmin either at the surface of fibrin by fibrin bound t-PA released from endothelial cells or by pro-urokinase
bound to its cellular receptor. Plasmin formed in situ specifically degrades fibrin or participate in pericellular pro-
teolytic activities.



Protein Interactions with Biological Surfaces: 
Beyond Fibrinolysis and Autoimmunity

Plasmin is a large spectrum proteolytic enzyme that cleaves lysyl and arginyl
peptide bonds in a number of proteins. However, under physiological conditions its
activity is specifically restricted to the lysis of fibrin, to extracellular matrix remod-
elling, and to the activation of growth factors and metalloproteinases. To develop
these specialized and specific functions, plasmin must be generated at the surface of
fibrin or cell membranes (Fig. 37.1). The surface dependence of this reaction is
closely related to:

• The structural organization of proteins in functional domains.
• The structure of fibrin as an anchoring surface.
• The molecular assembly of proteins on cell membranes.

Functional Domains of Proteins

The glycoproteins of the plasminogen activation system are organized as an array of
structural domains with functional autonomy [14]: the epidermal growth factor-like
domain (EGF), the “finger” domain, the triple loop structures or “kringle” domains,
and the serine proteinase region (Fig. 37.2). These domains govern the molecular
assembly of proteins on fibrin and cell membranes. The EGF domain of pro-uroki-
nase contains a sequence that is recognized by the u-PA receptor. The finger
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Figure 37.2. Acceleration of fibrinolysis by carboxy terminal lysine residues, and regulation by PAI-1 and α2-
antiplasmin. Plasmin unveils new carboxy terminal lysine residues to which plasminogen bind [17]. Plasma car-
boxypeptidase B (CpB) may regulate fibrinolysis by cleaving these residues.



domain of t-PA allows its binding to fibrin. Plasminogen consists of 5 kringle
domains; kringle 1 and 4 contain a substructure, the lysine-binding site, that binds
to cells and fibrin. The plasminogen-like apolipoprotein apo(a) consists of a vari-
able number of copies (10 to 40) of kringle 4, and single copies of kringle 5 and the
serine–proteinase domain of plasminogen. Apo(a) is disulphide linked to the apo
B100 of a low-density lipoprotein (LDL) to form Lp(a), a recognized cardiovascular
risk factor lipoprotein [15]. Kringle 4 in plasminogen and the corresponding kringle
4 copies in apo(a) share binding properties to fibrin and cell surfaces. In contrast,
the serine–proteinase domain of apo(a) cannot be cleaved by activators and
remains in an inactive state. Apo(a) may therefore replace plasminogen on fibrin
and cells and inhibit thereby fibrinolysis and extracellular proteolysis [12].

Fibrin as a Surface Anchoring Structure

The formation of fibrin unveils binding sites for t-PA and plasminogen that are
buried in fibrinogen. Fibrinogen is a complex molecule composed of 3 pairs of
polypeptide chains (Aα, Bβ, and γ), linked by disulphide bonds and organized in a
trinodular structure [16]. The amino terminal regions form the central domain E
that is linked to two globular D domains by a coiled coil connector region. The
binding site for t-PA is most probably located in region D or in D dimers in a
sequence that interacts with the finger domain of t-PA. Binding of plasminogen to
fibrin is mediated by interactions between the lysine-binding sites of kringles 1 and
4 and lysine residues of fibrin. Binding of t-PA and plasminogen to fibrin results in
a trimolecular complex with catalytic advantages. Plasmin thus formed cleaves lysyl
bonds in fibrin and unveils new carboxy terminal lysine residues to which plas-
minogen may bind [17] (Fig. 37.2). Because plasminogen bound to carboxy terminal
lysines of progressively degraded fibrin is readily transformed into plasmin by
fibrin bound t-PA, this mechanism represents the most important pathway for the
acceleration and amplification of fibrinolysis [18] (Fig. 37.2).

Protein Assembly on Receptors and in the Phospholipid Membrane

The phospholipid bilayer provides both a hydrophobic milieu and anionic charges
for proteins engaged in interactions at the cell surface such as coagulation factors
and β2-glycoprotein I (β2-GPI) [19]. The receptor for u-PA (uPAR) is attached 
to the phospholipid bilayer through a glycosyl–phosphatidyl–inositol anchor.
Plasminogen and t-PA binds to “integral” membrane proteins: a receptor for t-PA
(annexin II) [20] and a number of membrane proteins with exposed carboxy termi-
nal lysine residues to which plasminogen binds [4]. As for the fibrin surface, degra-
dation of membrane proteins by plasmin unveils new carboxy terminal lysine
residues for plasminogen binding [4].

Protein Assembly and Neo-antigen Formation

The assembly of activators and plasminogen onto distinct binding sites of fibrin
and cell surfaces results in conformational changes that are of physiological
significance but also lead to exposure of domains or active sites (not constituted in
the enzyme precursor) with unique antigenic properties. It has been proposed that
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these neo-epitopes may evoke an autoimmune response in patients with immuno-
logical disorders [21]. Autoantibodies directed against an epitope exposed on fibrin
bound t-PA in the sera of patients with scleroderma [22], systemic lupus erythe-
matosis (SLE) [23], and primary pulmonary hypertension [24] have been described.
Recently, antibodies directed against the active site of t-PA or plasmin that may
inhibit fibrinolysis have also been described in patients with APS [25, 26]. These
observations suggest that conformational changes of molecules upon binding to
their ligands results in the expression of conformation induced neo-epitopes. This
phenomenon is probably similar to the reactivity of antiphospholipid antibodies
against β2-GPI (or other proteins) bound to anionic phospholipid surfaces.

Endothelial Cell Dysfunction and Fibrinolysis in APS

Following the original description, 25 years ago, of impaired fibrinolysis associated
with thrombosis and antiphospholipid antibodies in SLE [27], a number of reports
confirmed these findings [28, 29]. Although these abnormalities were not found in
one study [30], in several other studies it was further shown that the hypofibrinoly-
sis detected in these patients is most probably a manifestation of endothelial cell
dysfunction, as indicated by increased plasma levels of PAI-1 and t-PA antigens
[31–34]. The t–PA thus detected circulates complexed to PAI-1 and is therefore
inactive, a condition which explains why hypofibrinolysis is observed in the pres-
ence of high t-PA antigenic levels. High levels of PAI-1 have been associated with an
increased risk of thromboembolic disease and myocardial infarction [35]. These
manifestations of endothelial cell dysfunction have been found in association with
antibodies directed against endothelial cells, or with the presence of immune com-
plexes, thus suggesting that endothelial cells are important sites of action for anti-
bodies that have a role in the pathogenesis of thrombosis [36]. Of note, patients
with primary pulmonary hypertension present signs of endothelial cell dysfunction
(elevated PAI-1 and t-PA plasma antigens) [37] and may have antiphospholipid
antibodies [38].

Similar manifestations of endothelial dysfunction have also been found in
primary APS [39, 40], though at present there are no solid arguments to propose a
direct association between aPL and impaired fibrinolysis in the thrombotic manifes-
tation of APS [41–43]. It has been shown, however, that anti-endothelial cell anti-
bodies in sera of patients with SLE and in patients with primary and secondary APS
may alter the fibrinolytic activity of endothelial cells [44]. Antiphospholipid and
anti-endothelial cell antibodies may co-exist in both primary and secondary APS
[45]. Furthermore, cross-reaction between these antibodies has been demonstrated
[46]. Antiphospholipid antibodies activate vascular endothelial cells and induce a
procoagulant and pro-inflammatory phenotype both in vitro and in vivo as docu-
mented by an increased expression of tissue factor, leukocyte adhesion molecules
such as intercellular adhesion molecule-1, vascular cell adhesion molecule (VCAM)-
1, and E-selectin [47–49], and the production of microparticles [50]. It is possible
that such antibodies may induce the secretion of others markers of endothelial cell
injury/activation such as t-PA and PAI-1. The increase levels of PAI–1 and t-
PA•PAI-1 complexes may explain the low fibrinolytic activity in a similar fashion as
in patients with SLE [27].
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β2-GPI and Plasminogen Activation: New Insights

β2-GPI, the major antigenic target for antiphospholipid antibodies, consist of a
single polypeptide chain of 326 amino acids arranged in 5 contiguous domains
(short consensus repeats or “Sushi domains”). Domain V differs from the first 4
domains in that it contains an aberrant carboxy terminal loop of 20 amino acids
where the terminating Cys326 forms an extra disulfide bond with Cys288 (see Fig.
24.1). Although binding substructures for membrane phospholipids and heparin
glycosaminoglycans are located in domain V [51–53], β2-GPI may also interact with
unique cell surface proteins, for example, high affinity binding to annexin II on
endothelial cells [54]. This finding may be of biological relevance as annexin II also
mediates the binding of t-PA and plasminogen to endothelial cells [20]. Finally, it
has been recently shown that binding of β2-GPI to coagulation factor XI inhibits its
activation by thrombin [55].

In 1993, Hunt et al [56] reported the existence of a modified form of β2-GPI
cleaved between Lys317–Thr318 in the carboxy terminal tail of domain V. After
cleavage, the 9 residues Thr318–Cys326 remains linked to domain V by disulfide
bonding (Cys326–Cys288). Reduction of this disulfide bond liberates this peptide
resulting in a slight decrease (approximately 1 kDa) of the molecular mass as com-
pared to native β2-GPI. This “clipped” form has lost its ability to bind negatively
charged phospholipids and heparin, and to act as anticardiolipin co-factor [53, 57]
(Table 37.1). Novel hydrophobic and electrostatic interactions appeared in domain
V after cleavage, thus indicating that the integrity of the Lys317-Thr318 bond is nec-
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essary to preserve the spatial array cluster of positively charged residues (mainly in
the loop Cys281–Cys288) and the membrane insertion loop Ser311–Lys317 that are
critical for phospholipid binding and anticardiolipin antibody activity [51, 52].
Finally, clipped β2-GPI is also unable to inhibit the activation of coagulation factor
XI by thrombin [55].

Using recombinant domain V and purified β2-GPI it was shown that the
Lys317–Thr318 proteolytic cleavage is produced by plasmin; in human plasma,
cleavage of β2-GPI occurs when α2-plasmin inhibitor levels are decreased58. This
proteolytic processing has also been demonstrated in vivo, as patients with an acti-
vated fibrinolytic system, that is, disseminated intravascular coagulation, throm-
bolytic therapy [59], leukaemia [60], ischemic stroke [61], have increased plasma
levels of clipped β2-GPI (Table 37.2). A correlation exist with the levels of plasmin-
a2–antiplasmin complexes, an in vitro marker of fibrinolytic activity. It is not clear if
phospholipid bound β2-GPI can still be cleaved by plasmin. However, because
heparin greatly enhances the plasmin mediated cleavage of β2-GPI and the heparin
and phospholipid recognition sites in domain V are the same, it is possible that
β2-GPI bound to heparin-like glycosaminoglycans, to phospholipids, or to annexin
II may be cleaved by plasmin formed on the cell membrane or on the extracellular
matrix [53]. Taken altogether these data suggest that plasminogen activation may
function as a mechanism of defence against antibody mediated thrombosis via
plasmin mediated proteolytic cleavage of β2-GPI.

Domain Interactions Between β2-GPI and Kringle Domains
in Plasminogen and apo(a)

Although most of the binding properties of β2-GPI are lost after the plasmin medi-
ated cleavage (Table 37.1), it has recently been described that clipped β2-GPI
specifically binds to plasminogen (Kd = 0.37 µM) and that this binding may inhibit
plasmin formation [61]. However, the biological relevance of these findings remains
to be demonstrated.

Recent clinical and experimental evidence suggest that Lp(a), the atherothrombo-
genic particle, may be implicated in the thrombotic complications of APS 
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Table 37.1. Proteolytic cleavage of β2-glycoprotein I at Lys317–Thr318 by plasmin: consequences on its biological
properties.

• No binding to negatively charged phospholipids [56]
• No binding to heparin [53]
• Inability to act as cardiolipin co-factor [57]
• Inability to bind LDLox [57]
• Specific binding to plasminogen [61]

Table 37.2. Proteolytic cleavage of β2-glycoprotein I in vivo.

• Disseminated intravascular coagulation [59]
• Thrombolytic treatment [59]
• Leukemia [60]
• Lupus anticoagulant [60]



(Fig. 37.4). The mechanism by which high Lp(a) levels may favor atherothrombosis
is still a matter of debate but the fact that Lp(a) has both LDL- and plasminogen-
like moieties suggest that Lp(a) may constitute a link between the processes of ath-
erosclerosis and thrombosis. A number of experimental in vitro studies resulted in
convincing evidence that Lp(a) binds to the fibrin surface and cell membranes and
thereby competes with plasminogen so as to inhibit its activation [12]. Such unique
behavior was attributed to the fibrin binding properties conferred by the kringle 4
repeats of apo(a) [62]. The levels of Lp(a) are under genetic control by the apo(a)
gene and are not modified by current pharmacological means employed to decrease
LDL. A few pathological conditions (acute phase reactions, nephrotic syndrome)
may produce a transitory increase in Lp(a) levels. Increased levels of Lp(a) has also
been reported in autoimmune diseases [63–65], including primary and secondary
APS [66–72]. Because Lp(a) levels are genetically determined and no correlation
between Lp(a) levels and aPL was found, the question remains as whether these
patients had already a high Lp(a) before developing the autoimmune disease. The
high Lp(a) levels observed in these patients may impair plasminogen binding
and/or induce the secretion of PAI-1 by endothelial cells, two mechanism that may
contribute to the thrombotic complications in APS as suggested by Atsumi et al
[71]. However, the effect of high Lp(a) levels on plasminogen binding to fibrin or
cells in these patients remains to be determined.

Besides being an additional factor for thrombosis, high Lp(a) levels in APS may
be of importance within the context of recent data indicating that β2-GPI may inter-
act with distinct kringle 4 domains of apo(a) in a specific manner [73]. The interac-
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tion of apo(a) with β2-GPI requires a sequence (181 amino acids) contained in
domain II to IV. The interaction was demonstrated with apo(a) in both its free form
and as a part of the Lp(a) particle. The role of this interaction remains unknown.
However, it may be of pathophysiological relevance if in the presence of high Lp(a)
levels, the β2-GPI–Lp(a) complex could be the trigger of decreased fibrinolytic activ-
ity. Binding of the β2-GPI–Lp(a) complex to fibrin and cells may also favor localiza-
tion of β2-GPI to these surfaces where it may be cleaved and inactivated by plasmin.
The consequences of the proteolytic processing of β2-GPI by plasmin are indicated
in Table 37.1.

New Directions and Perspectives in Plasminogen Activation
and APS

As new development arises in the field of plasminogen activation, new directions of
research in the pathophysiology of the plasminogen activation system and antibody
induced thrombosis deserve investigation. For instance, the concept that cells focus
proteolytic activity at their surface is emphasized by recent data emerging in this
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Figure 37.5. Plasminogen activation dependent cell detachment and apoptosis of vascular cells; β2-GPI as co-
factor for the clearance of apoptotic bodies. In this sequence of proteolytic reactions, plasminogen is activated
by t-PA expressed by vascular smooth muscle cells; the plasmin formed in situ degrades extracellular matrix
proteins (e.g., fibronectin, laminin) and promotes cell detachment and apoptosis. β2-GPI bridges apoptotic
bodies and phagocytic cells. Plasmin dependent cleavage of β2-GPI could interfere with this process.



area. It has been recently shown that uncontrolled plasminogen activation on cells
may result in unwanted cell death [8, 11] (Fig. 37.5). In these studies it was demon-
strated that t-PA constitutively expressed by vascular smooth muscle cells and other
adherent cells can generate plasmin on the cell surface and induce thereby the pro-
teolysis of extracellular matrix proteins, for example, fibronectin and laminin, cell
retraction, and, finally, cell detachment and apoptosis (Fig. 37.5). Apoptotic bodies
are produced during this process, their uptake by phagocytes prevents, among
other complications, the eventual role of exposed phosphatidyl serine in triggering
thrombosis. A number of soluble molecules including β2-GPI bridge the apoptotic
target and phagocytes [74] (Fig. 37.5). Because plasmin produced on the cell surface
may also be found on apoptotic bodies [75], the question arises as whether the pro-
teolytic processing of β2-GPI by plasmin may interfere with the clearance of apop-
totic bodies.

The reported cross-reaction of aPL with oxidized LDL [76], a major atheroscle-
rotic component, needs to be studied on Lp(a) in patients with primary and sec-
ondary APS. The fact that Lp(a) interferes with fibrinolysis, and decreases the
fibrinolytic potential of endothelial cells, underscores the relevance of these studies.

It has recently been suggested that activated carboxipeptidase B, an exopeptidase
present in plasma in a pro-enzyme form, may play a role in the downregulation of
fibrinolysis by cleaving carboxy terminal lysine residues, the plasminogen binding
sites unveiled by plasmin on fibrin [77] (Fig. 37.2). The study of downregulated
fibrinolysis by the carboxypeptidase B pathway in patients with APS has not as yet
been investigated.
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38 Lessons from Sequence Analysis of
Monoclonal Antiphospholipid Antibodies
Ian P. Giles, David A. Isenberg, and Anisur Rahman

Introduction

The identification of antiphospholipid antibodies (aPL) is central to the diagnosis of
the antiphospholipid syndrome (APS) [1]. A great deal of evidence exists from both
clinical and laboratory studies to support the idea that aPL are directly pathogenic
and not merely an epiphenomenon. Not all aPL, however, are associated with path-
ogenicity. aPL can occur in healthy adults and in some patients with infectious,
malignant, or drug-related disorders, but do not cause thrombosis or fetal loss in
those people. These non-pathogenic aPL mostly bind both neutral and negative
phospholipid (PL) with low affinity and lack co-factor dependence [2]. In contrast,
aPL found in patients with APS, whether primary or secondary, are generally IgG in
isotype [3, 4], target predominantly negative PL, and require the presence of serum
co-factors in order to bind PL [5–8]. The reason for this co-factor dependence is
that the majority of pathogenic aPL are in fact not directed against PL at all but
target serum proteins that bind PL. These proteins include protein C [9], protein S
[9], prothrombin [10], and β2-glycoprotein I (β2-GPI) [5–7]. β2-GPI is the most
extensively studied of these proteins and appears to be the most relevant clinically
[11–13].

A wealth of evidence implicating aPL in the pathogenesis of thrombosis and preg-
nancy morbidity and suggesting potential mechanisms of action has been generated
from the study of monoclonal aPL. These antibodies (Ab) are ideal for investigating
the relationship between the structural properties that are important in determining
the ability of pathogenic aPL to bind PL and/or β2-GPI and the properties that deter-
mine their pathogenicity. This chapter will review the origin, binding characteristics,
molecular properties, and biological function of all human monoclonal aPL for which
sequence analysis has been published and the lessons learned from this with regard to
the relationship between aPL structure and function.

Monoclonal Antibodies

The usefulness of monoclonal antibodies (mAb) stems from 4 characteristics: their
specificity of binding; their homogeneity; their ability to be produced in unlimited
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quantities; and the relative ease with which their antigen binding site may be
manipulated. In 1975, a method was devised that allowed Ab secreting cells isolated
from an immunized mouse to be fused with a myeloma cell [14]. These hybrid cells
(called hybridomas) have the immortal growth properties of the myeloma cell and
the Ab producing properties of the B cell. The resultant cell lines can be maintained
in vitro indefinitely and will continue to secrete Ab with a defined specificity, known
as monoclonal Ab. This method was later adapted to produce human mAb from
splenic and peripheral blood lymphocytes (PBL) [15, 16].

Hybridoma cells contain large quantities of mRNA encoding the light and heavy
chains of the secreted mAb, which can be used to make and amplify cDNA.
Sequence analysis of this cDNA gives the nucleotide and amino acid sequence of the
mAb. This analysis is a powerful tool to gain greater understanding of features at
the molecular level which distinguish natural (non-pathogenic) autoantibodies
found in healthy individuals from pathogenic autoantibodies found in patients with
autoimmune disease. It has been suggested that the properties of IgG isotype,
specificity for negatively charged PL, and ability to bind β2-GPI may define a popu-
lation of pathogenic aPL which are particularly likely to cause APS. To investigate
the factors that determine these properties at the molecular level, it is important to
study the sequences and molecular structures of pathogenic aPL, and thus identify
features which are common to those antibodies but are less commonly found in
non-pathogenic aPL.

Analysis of Antibody Sequences to Identify Genes of Origin

An antibody molecule is composed of 2 identical heavy chains and 2 identical light
chains which can be either κ or λ. The carboxyl terminal domains of both the heavy
and light chains are highly conserved and are called the constant (C) regions. The
amino terminal domains are much more variable in sequence and are responsible
for binding antigen. These domains are known as the heavy chain variable region
(VH) and light chain variable region (VL).

Antigen binding sites usually comprise 3 polypeptide loops from the VH domain
and 3 polypeptide loops from the VL domain [17]. These 6 polypeptide loops are
regions of high variability (in both sequence and length) known as the complemen-
tary determining regions (CDRs). The CDRs are separated by more conserved
regions which perform a structural role and are hence called the framework regions
(FRs) [18]. In analyzing those sequence features of aPL which are responsible for
their binding properties, therefore, it is only necessary to consider the variable
regions. Within these regions, the CDRs are likely to be of particular interest.

In humans, functional immunoglobulin (Ig) heavy, κ, and λ genes are found
upon separate chromosomes. Sequences encoding the variable regions are assem-
bled during early B cell development by the site specific recombination of three seg-
ments, the VH, DH, and JH genes, to form the VH domain and 2 segments, VL and JL,
which then encode the VL domain [19]. The genes in these loci have been sequenced
and mapped [20–23]. The availability of a relatively large number of potentially
functional variable region genes for recombination contributes to the diversity of
possible Ab sequences (and therefore possible antigen binding sites) that can be
produced. Diversity is amplified by imprecision at the joining of VL– JL, VH–DH, and
DH–JH segments with deletion or insertion of nucleotides [19].
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It is important to recognize that each locus shows an intrinsic bias towards the
rearrangement of certain genes. Thus, some VH, Vκ, and Vλ genes are more likely to
be used to encode antibodies than others, regardless of the specificities of the anti-
bodies produced [24–26]. Measurement of the frequency of expression of different
VH/VL pairs has demonstrated that preferential pairing of specific genes or families
does not occur. The most likely finding in a single B cell is the expression of a com-
monly rearranged VH gene together with a commonly rearranged VL gene [27, 28].
The pattern of VH/VL gene usage and pairing in PBL is not significantly different in
patients with systemic lupus erythematosus (SLE) compared to healthy people [29].

Analysis of Number and Distribution of Somatic Mutations

After rearrangement of VH, DH, and JH genes to produce a functional heavy chain
and of either Vκ and Jκ or Vλ and Jλ genes to produce a functional light chain, a B
lymphocyte begins to secrete IgM antibody. By entering a germinal center and
recruiting T cell help, the B cell may then alter the isotype of the antibody produced
by class switching and alter the sequence of the VH and VL domains by somatic
hypermutation [30, 31].

Each mutation may be either silent (S), leading to no change in amino acid
sequence, or replacement (R), leading to a change in amino acid sequence. Those R
somatic mutations that increase affinity of the antibody for antigen are crucial in
the production of the secondary repertoire. B cells expressing higher affinity Ig on
their surface will be selected by limited amounts of antigen and stimulated to divide
faster leading to clonal expansion of these somatically mutated B cells [32]. The
presence of antigen leads to a selective pressure favoring the accumulation of par-
ticular R mutations in the CDRs, the areas of the sequence where such mutations
can exert the greatest positive effects on binding affinity [33].

By comparing the VH and VL sequences of an antibody with those of the germline
genes from which they were derived, the positions and nature (R or S) of the
somatic mutations can be identified. The distribution of R and silent S mutations
can then be analyzed statistically by the cumulative multinomial method of Lossos
et al [34], to calculate a P value representing the probability that the observed distri-
bution of mutations could have occurred due to chance alone. If this probability is
very low, antigen driven selection is very likely to have occurred.

In antibodies which seem likely to have been modified by antigen driven selection
of mutations, it is possible to identify particular sequence features which result
from these modifications and which may therefore enhance binding to the driving
antigen. For example, in both human and murine antibodies to double stranded
DNA, somatic mutations creating arginine (Arg), lysine (Lys), and asparagine (Asn)
residues in the CDRs occur very commonly [35, 36]. All of these amino acids may
promote binding to the negatively charged DNA double helix by charge interactions
or hydrogen bond formation. It is possible to generate hypotheses about the poten-
tial interactions between such amino acids and antigen by using computer model-
ing programs. These programs allow prediction of the three-dimensional structures
of antibodies from their amino acid sequences [35, 37, 38].

Analysis of the known crystal structures of 26 different antigen–antibody com-
plexes allowed MacCallum et al [37] to show that certain residues within CDRs of
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the heavy and light chains are more likely than others to contact antigens. These
authors suggested that analyses of CDR amino acid composition could be much
more informative when the likelihood that an amino acid at a particular position
will be involved in antigen contact is taken into account.

Sequence Analysis of Monoclonal aPL

Using the principles of antibody sequence analysis outlined in the previous sec-
tions, we may pose the following questions about monoclonal aPL:

• Do aPL preferentially use certain genes of origin? In analyzing the sequences of
the VH and VL domains of a particular antibody, it is possible to deduce which of
the available genes in the repertoire have been used to encode these domains and
the extent to which somatic mutations and modification at the junctions has
occurred. By repeating this analysis for a large number of different monoclonal
aPL, it is possible to deduce whether particular genes are used in these antibodies
more frequently than in other antibodies.

• What is the extent of somatic hypermutation in aPL and is it likely to have been
driven by antigen? Having identified the positions of R and S mutations within
the VH and VL sequences, the distribution of these mutations using the multino-
mial method may be analyzed [34].

• Are particular sequence motifs found characteristically in aPL? The sequences of
the CDRs are of particular interest because recurring motifs there might point to
possible common features that enhance binding to PL.

• Do these sequence motifs correspond with sites of somatic hypermutation and
with the predicted contact sites of the antibody? Analysis of CDR amino acid
composition can be much more informative when the likelihood that an amino
acid at a particular position will be involved in antigen contact is taken into
account using the model of MacCallum et al [37]. 

Sequence Analysis of Murine Monoclonal aPL

Thus far aPL have been produced from animal models which show consistent sero-
logical features of the syndrome, but which generally show either the obstetric or
thrombotic clinical features, but not both [39]. Studies of aPL derived from MRL
lpr/lpr mice [40] and NZW x BXSB F1 mice [41, 42] do not reveal convincing evi-
dence of any particular gene preference, somatic mutations, or specific residues in
CDRs which are important for binding. The most commonly expressed VH genes in
these murine aPL were members of the J558 murine VH family, but almost 50% of
all spontaneously activated B cells in MRL lpr/lpr mice express J558 genes regard-
less of antigen specificity [43]. Despite some evidence of clonal expansion in devel-
opment of aPL and some clustering of replacement mutations in VH, CDRs found in
one study [42], the extent to which antigen driven somatic mutations and the pres-
ence of certain residues in CDRs are important in murine aPL remains uncertain
[44].
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Sequence Analysis of Human Monoclonal aPL

Sequences of 51 human mAb that bind PL have been reported. Human aPL pro-
duced thus far can be divided into 3 groups: polyreactive IgM, more specific IgM,
and IgG. Early published sequences were of polyreactive IgM antibodies, often pro-
duced from healthy individuals, that were primarily targeted against other antigens
(mainly DNA) and found to bind PL with low affinity on panel antigen testing
[45–51]. Later groups sought to produce more specific aPL and initially it proved
easier to produce IgM aPL, which again were often derived from healthy individuals
[52–58]. It is only in the last 5 years that human monoclonal IgG aPL with all 3
major pathogenic features (IgG isotype, binding to β2-GPI, and preference for nega-
tively charged PL) have been produced, sequenced, and their pathogenic effects
studied [59–61]. Thus, more sequence information relating to clinically relevant
antibodies is now available and it is now clear that a large proportion of pathogenic
antibodies in APS probably bind epitopes on β2-GPI.

We have identified all published human monoclonal aPL and anti–β2-GPI
sequences from PubMed and obtained additional information from original authors
where necessary (J. L. Pasquali, personal communication). The V region DNA
sequences of these antibodies were obtained and sequence alignment, using
DNAplot software [62], and statistical analyses using the multinomial method [34]
were carried out.

Sequences of Human aPL

Fifty-one human monoclonal aPL were identified. In this analysis, these have been
subdivided according to isotype and degree of relevance to pathogenesis of APS, as
suggested by binding properties and/or activity in assays of pathogenicity.

Twenty-three of these aPL were of IgM isotype and were derived from lympho-
cytes immortalized by Epstein–Barr transformation or by fusion with immortal
cells to form hybridomas. The genes of origin, homology values, and binding
characteristics of these IgM antibodies are shown in Table 38.1. Homology values
show the extent of shared sequence between the VH or VL sequence of an antibody
and the germline genes of origin. Lower homology values indicate more somatic
mutation.

These IgM antibodies can be divided into 2 groups, shown as groups A and B in
Table 38.1. The first group (A) of 15 antibodies are polyreactive and were not
selected for specific binding to PL or for relevance to APS [45–51]. Most of these
mAb were actually selected for binding to DNA and were incidentally found to bind
PL (often with low affinity) on panel Ag testing. Most of the antibodies in group A
were derived from PBL of healthy individuals. Only four (18/2, 1/17, C119, and
C471) of the 15 aPL identified in this group were derived from patients with SLE,
none of whom had features of the APS. Binding to β2-GPI was not reported for any
of these Ab.

Although the antibodies in group A seem likely to have limited relevance to the
pathogenesis of APS, they are included in this analysis to ensure a comprehensive
analysis of all human aPL sequences. The group A antibodies are likely to be repre-
sentative of non-pathogenic natural autoantibodies and thus their sequence charac-
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teristics serve as a useful comparison with those of the more specific and probably
more pathogenic IgM aPL in group B and of the IgG aPL.

Members of the second group (B) of 8 IgM antibodies are likely to be more rele-
vant to the pathogenesis of APS [52–58]. Most of these antibodies showed specific
binding to PL alone despite testing against a range of other antigens. REN, which
also binds ssDNA, is an exception. Four antibodies in group B showed LA activity
(BH1, B9421, B9427, and HY-FRO). B9427 bound β2-GPI, REN showed β2-
GPI–dependent binding to PL, and BH1 showed serum dependent binding to PL
(the effect of β2-GPI was not tested formally). Three antibodies (BH1, B9427, and
B9421) were produced from the lymphocytes of patients with APS and another one
(RSP4) from a patient with SLE and serum aPL, who did not have clinical features of
APS.

The other 28 aPL identified were IgG antibodies [61, 63–69]. The genes of origin,
homology values, and binding characteristics of these antibodies are shown in Table
38.2. Seventeen of these IgG antibodies were derived from immortalized lympho-
cytes, 4 (P11, B22, B27, and B14) by repertoire cloning using the phage display
method [65], and 6 (CIC01, CIC03, CIC11, CIC14, CIC15, and CIC19) by cloning of
VH and VL genes originating from aPL specific B cells into a baculovirus expression
system [61, 69]. The 4 antibodies produced by phage display were derived from
lymphocytes of a patient who had circulating anti–β2-GPI antibodies, but did not
have APS. The cDNA was cloned into phage display vectors from which a library of
phages were produced carrying surface Fab derived from heavy and light chain
sequences expressed in that patient’s lymphocytes. These VH /VL gene combina-
tions, however, were artificial and not all may have been expressed in patient serum.
Phages carrying anti–β2-GPI Fab were selected by binding to plates carrying β2-GPI.
Thus, the heavy and light chain gene combinations of the aPL selected by phage
display may not be representative of naturally occurring aPL. Such a discrepancy
does not occur in monoclonal aPL that are derived from immortalized B cells or
specifically selected B cells in which the VH /VL gene combination is definitely
expressed by at least one B cell in the individual from which it was produced.

Of the other 24 IgG aPL, 11 were derived from patients with SLE (4 of whom had
APS) and 12 were produced from patients with primary APS (PAPS). Most of the
monoclonal IgG aPL showed specificity for PL or β2-GPI (see Table 38.2). The func-
tional activities of 13 IgG monoclonal aPL have been examined in various biological
assays and 8 were shown to be pathogenic compared to control monoclonal Ab.
Two aPL derived from patients with PAPS (516, CIC15) and 1 from a healthy subject
(519) induced a significantly higher rate of fetal resorptions and a significant reduc-
tion in fetal and placental weight following intravenous injection into mated
BALB/c mice [61, 66]. Five aPL derived from patients with PAPS (IS2, IS3, and IS4)
and SLE/APS (CL15 and CL24) were found to be thrombogenic – inducing larger
thrombi which persist for longer – in an in vivo model of thrombosis [60].

Which Were the Genes of Origin?

The frequency of use of V, D, and J genes to encode monoclonal aPL was compared
with that which would be expected from the intrinsic bias of the Ig gene recombina-
tion process.
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Heavy Chain Genes

Twelve of the 15 polyreactive aPL in group A, all 8 of the more specific IgM aPL in
group B, and 22 of 27 published IgG aPL used genes from the VH 1,3, or 4 families.
These are the largest and most commonly expressed VH families in both normal
donors and patients with SLE [29]. The other 3 polyreactive antibodies used the VH
6 gene V6-01, but were derived from an experiment which set out specifically to
produce monoclonal Ab encoded by that gene [49].

The most commonly used gene amongst polyreactive IgM aPL and IgG aPL is V3-
23 which is the most commonly rearranged VH gene in IgM secreting B cells regard-
less of Ag specificity [26]. A group of VH genes that are particularly likely to be
rearranged due to the intrinsic bias in the recombination process has been
identified by single cell PCR in peripheral B cells [26, 29]. This group includes V3-
23, V3-30, V3-07, V4-34, V4-39, V4-59, V1-18, V1-69, and V5-51. Members of this
group of genes encode VH sequences in 8 of the 15 polyreactive IgM antibodies, 15
of the 27 published IgG aPL, but only 3 of the 8 more specific IgM antibodies.

For a number of the antibodies studied, it was not possible to match the heavy
chain CDR3 sequence to any known DH gene because the DNAPLOT software used
very stringent criteria for aligning Ab sequences to germline D segments [70]. Six of
the 15 IgM sequences in group A, 5 of the 8 in group B, and 12 of the 27 IgG
sequences could be matched to known D genes. The majority of the D segments
matched were from the D2 and D3 families, which have previously been shown to
dominate the expressed repertoire [26, 29, 70].

JH genes of origin could be identified for 9 IgM antibodies in group A, 7 in group
B, and 25 IgG antibodies. Where no match could be made, this was usually because
the published sequence did not extend as far as the J region. The majority of the
sequences matched the JH3, JH4, or JH6 genes, which are the most commonly
rearranged JH genes in peripheral B cells [29].

Light Chain Genes

Of the light chain sequences of these aPL, all polyreactive IgM, all IgG, and 5 of 7
more specific IgM aPL used genes which are members of the 3 largest and most
commonly expressed Vê (I–III) or Vë (1–3) families. Six of the 8 published VL
sequences of IgM in group A, 7 of 8 sequences in group B, and 22 of 26 published
IgG aPL sequences utilized Vκ or Vλ genes which are known to be commonly
rearranged and expressed [24, 71]. The most commonly rearranged Vκ genes
include A3, A17, A20, 02/12, L8, L12, L6, A27, L2, and B3, while commonly
rearranged Vλ genes include 1b, 1c, 1e, 2a2, 2b2, 2c, 3h, and 3r.

In the cases where assignment to a JL gene could be made, it was found that ë
encoded sequences always used Jë2 or Jë3 genes, whereas the ê encoded sequences
were mostly Jκ1, Jκ 2, Jκ 3, or Jκ 4. There was no difference between IgM and IgG anti-
bodies. These results mirror the known usage of these genes in peripheral lympho-
cytes [29, 72].

In summary, therefore, the pattern of gene usage in these aPL antibodies is gener-
ally that which would be expected from the intrinsic bias of the recombination
mechanism. Genes that are commonly rearranged by that mechanism are also com-
monly used to encode both IgM and IgG aPL. Interestingly, in the group of more
specific IgM aPL, 5 of 8 antibodies use VH genes which are not commonly
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rearranged in other antibodies (including V1-e, V3-72, and V3-15) and 4 of these
antibodies use genes that are not used to encode either polyreactive IgM aPL or IgG
aPL. Although each of these genes is used in its germline configuration there is no
evidence to support the idea that these genes confer any common structural prop-
erty (from sequence analysis or knowledge of three-dimensional structures) which
promotes the formation of a PL binding site. It is therefore not possible to conclude
that these results represent preferential use of these particular genes to encode a PL
binding site in specific IgM aPL.

What is the Extent of Somatic Hypermutation?

Overall, IgG aPL carried more somatic mutations than IgM aPL, and this difference
was most pronounced when considering the heavy chains. Twenty-five of 27 pub-
lished IgG VH sequences compared to 16 of 26 published IgG VL sequences showed
homology of 98% or less to the corresponding germline gene (see Table 38.2). The
high degree of somatic mutation in IgG antibodies was expected, because class
switching and somatic hypermutation are closely linked processes in the B lympho-
cyte [73].

Nevertheless, somatic hypermutation can take place in the absence of class
switching, leading to the production of IgM antibodies carrying many mutations. A
number of such antibodies were seen in group A, where 7 of 15 VH sequences and 2
of 8 published VL sequences had homology values less than or equal to 98%.

The more specific IgM aPL in group B, however, contained very few somatic
mutations with 2 VH chains having less than 98% nucleotide homology and the
other 6 VH chains having 100% homology. Five of the 8 VL chains showed greater
than 99% homology to germline genes with only 2 VL chain having less than 98%
(but greater than 97%) nucleotide homology.

Are the Somatic Mutations Antigen Driven?

Statistical analysis of the distribution of R and S mutations in the CDR and FR
regions of the VH and VL sequences was performed using the multinomial (Pm)
method [34]. A Pm value of less than 0.05 for either FRs or CDRs in the heavy or
light chain is taken as representing strong evidence of antigen drive. Eighteen of
the 26 IgG aPL analyzed fulfill this criterion.

Eight IgG aPL did not have Pm values of less than 0.05 in either chain: AH-2, DA-
3, 519, RR-7F, P11, IS2, IS3, and CIC11. No conclusion can be made as to whether
antigen drive plays a role in the development of RR-7F, because the sequence of
RR-7FVL is unpublished. There is good evidence that AH-2 and DA-3 are derived
from a clone of B cells which has been subject to antigen driven expansion, despite
the non-significant Pm values. AH-2 and DA-3 are distinct monoclonal Ab derived
from descendants of the same B cell clone in a single patient, because they share
exactly the same VH and VL sequences, except at a few sites of somatic mutation.
The fact that the same clone has given rise to 2 distinct monoclonal Ab implies that
it is a highly expanded clone, and the fact that the sequences contain multiple
somatic mutations implies that this has been driven by antigen. Similarly, IS2 is
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clonally related to IS1 because both aPL share an identical heavy chain and their
light chains differ by only 5 amino acid residues. Thus, in only 4 IgG antibodies was
the evidence clearly against the influence of antigen drive.

It is therefore apparent that most of the IgG aPL have been subject to antigen
driven expansion and accumulation of somatic mutations. Because, on testing for
binding to a range of other antigens, these antibodies showed specificity for either
PL or β2-GPI, these seem likely to have been the driving antigens.

The results for the more specific IgM aPL in group B are completely different
from those of the IgG aPL. Most have very few mutations, and even the 3 aPL with
less than 98% nucleotide homology in 1 or both chains do not show any evidence of
antigen drive on statistical analysis. Indeed, the majority of the more specific IgM
aPL had very few somatic mutations. This suggests that these IgM attain specificity
due to features inherent in their germline sequence or produced at the VH–DH,
DH–JH, or VL–JL junctions. Antigen drive would then tend to select against somatic
mutations because mutations would tend to alter the favorable germline sequence.
Conversely, IgG aPL would attain specificity and high affinity for PL or β2-GPI due
to accumulation of somatic mutations.

Seven polyreactive IgM aPL had VH or VL sequences with less than 98%
nucleotide homology but in 3 antibodies (H3, H5, and A5) nucleotide sequences
were not published and therefore could not be analyzed [51]. Of the remaining 4
antibodies (C6B2, C119, B122, and B6204), statistical analysis gave Pm values of less
than 0.05 in 3 cases. This shows that antigen driven accumulation of mutations in
IgM antibodies is not always associated with the loss of polyreactivity. However,
extensive somatic mutation was the exception rather than the rule in polyreactive
IgM antibodies, in contrast to the IgG aPL discussed above.

Are Particular Residues Important in CDRs and Contact
Regions?

Somatic mutations occur frequently in the contact H1 and H2 regions of the IgG
antibodies, less commonly in L1, L2, and L3 of the IgG antibodies, and are very rare
in the IgM antibodies. We were unable to analyze H3 because it is very difficult to be
sure where somatic mutations occur, due to the contribution of junctional diversity
and the large number of cases in which germline D genes of origin cannot be
identified.

The hypothesis that somatic mutation to create Arg, Lys and Asn residues in the
contact regions may play a major role in IgG aPL is examined in Tables 38.3 and
38.4. The proportion of somatic mutations in the contact regions which give rise to
these amino acids is compared with the proportion of mutations in the same
regions which give rise to aspartic acid (Asp) or glutamic acid (Glu). These residues
were chosen for comparison because they are acidic and negatively charged as
opposed to the basic, positively charged Arg and Lys.

Table 38.3 clearly shows an excess of mutation to Arg, Lys, and Asn in the contact
sites of the IgG aPL in comparison to Asp and Glu. In Table 38.4, the total numbers
of Arg, Asn, and Lys residues in the contact regions of both the IgG aPL and the
more specific IgM aPL are compared with the numbers of Asp and Glu residues in
those regions. This table includes both germline encoded residues and those
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derived by somatic mutation. This comparison is particularly important for the IgM
antibodies, where somatic mutation plays no major role. In general, there is an
excess of Arg, Lys, and Asn residues over Asp and Glu residues in the contact
regions of the VH and Vκ, but not the Vλ sequences. Interestingly, this does not hold
true for the H3 regions of the IgG antibodies. Accumulation of basic residues (par-
ticularly Arg) in H3 has been noted to be a common feature of human and murine
IgG anti-DNA antibodies [35, 36], but does not outweigh accumulation of acidic
residues in the IgG aPL considered as a whole here. However, Arg residues in H3
may be a distinguishing feature of the subset of these antibodies which are patho-
genic (see below).

Thus, whereas both the group B IgM aPL and the IgG aPL show some evidence of
accumulation of Asn, Arg, and Lys at the contact sites, these are mostly encoded in
the germline in IgM and derived from somatic mutation in IgG. The presence of
CDRs and contact regions which are rich in Arg, Asn, and Lys residues in both the
more specific IgM aPL and IgG aPL is relevant to the nature of the epitope bound by
these antibodies. Pathogenic aPL have a predilection for negatively charged PL and
β2-GPI, which has a potential epitope rich in negatively charged residues within
domain I [reviewed in 74]. Therefore, the presence of Arg, Asn, and Lys residues in
the contact regions of aPL may increase the affinity of binding via electrostatic
interactions and hydrogen bonds with negatively charged epitopes upon PL and
domain I of β2-GPI.
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Table 38.3. Analysis of somatic mutations at contact residues. 

V region Number of Number of somatically Number of somatically mutated 
antibodies mutated contact residues contact residues that are 

that are Arg, Asn, or Lys/number of Asp or Glu/number of contact 
contact residues that are residues that are somatic mutations

somatic mutations

Contact Contact Contact Contact Contact Contact 
Region 1 egion 2 Region 3 Region 1 Region 2 Region 3

IgG VH 27 11/44 13/51 – 3/42 2/48 –
IgG Vκ 19 6/18 1/9 4/10 0/18 1/9 2/10
IgGVλ 7 1/6 1/8 2/7 0/5 3/7 0/5

Table 38.4. Analysis of all amino acids present at sites of contact.

V region Number of Total Arg, Asn or Lys residues present at Total Asp or Glu residues present at 
antibodies contact sites (in brackets; total not contact sites (in brackets; total not

including somatically mutated residues) including somatically mutated residues)

Contact Contact Contact Contact Contact Contact 
Region 1 egion 2 Region 3 Region 1 Region 2 Region 3

IgG VH 27 15 (4) 37 (24) 27 (–) 5 (2) 15 (12) 26 (–)
IgG Vκ 19 14 (8) 6 (5) 10 (6) 2 (1) 3 (3) 2 (0)
IgGVλ 7 7 (6) 5 (4) 2 (0) 2 (2) 4 (2) 3 (2)
IgM VH 8 2 (1) 14 (14) 15 (–) 3 (2) 6 (6) 9 (–)
IgM Vκ 3 5 (5) 4 (4) 2 (2) 1 (1) 3 (3) 0 (0)
IgM Vλ 5 3 (3) 7 (6) 3 (3) 2 (2) 2 (0) 3 (3)



Are There Differences Between Antibodies Which Bind 
β2-GPI and Those Which Do Not?

Thirteen antibodies were either known to bind β2-GPI or there was strong evidence
to suggest that β2-GPI was required for them to bind phospholipids. Three of these
antibodies (BH1, REN, and B9427) were IgM antibodies from group B while the
other 10 (B14, B22, B27, P11, IS3, IS4, CL1, CL24, CIC03, and CIC14) were IgG anti-
bodies. When these antibodies are considered as one group, the results are similar
to those noted for the whole set of aPL. Thus, the 10 IgG antibodies which bound β2-
GPI all had many somatic mutations and Pm values suggested antigen drive in 8
cases (P11 and IS3 were the exceptions). The 3 IgM antibodies had few or no muta-
tions with no evidence of antigen drive. All the IgG antibodies except P11 and CIC14
contained somatic mutations to Arg, Asn, or Lys in their contact regions whereas
none of the IgM antibodies had mutations to those residues in their contact regions.

Are There Differences Between Pathogenic and 
Non-pathogenic Antibodies?

The 8 IgG aPL shown to be directly pathogenic compared to control monoclonal
Ab in biological assays all used the most commonly expressed genes apart from
IS4VH, CIC15VH, and 516VL. In each of the 8 aPL, at least 1 of the heavy or light
chains contained numerous somatic mutations and in 5 of these antibodies the Pm
values suggested antigen drive (519, IS2, and IS3 were the exceptions). In compari-
son, the 5 aPL found to be non-pathogenic on testing use commonly expressed
genes apart from CL1VH, CIC03VH, CIC11VH, and CL1VL. Four of the non-patho-
genic antibodies contain numerous mutations and 3 had evidence of antigen drive.
It is striking however that 7 of the 8 pathogenic aPL contain at least 1 Arg residue in
VHCDR3 with 6 of them containing at least 2. Of the 5 non-pathogenic aPL, 3 con-
tained Arg residues in VHCDR3 with 2 of them containing only a single Arg residue.

Computer Modeling of aPL

Computer models of the IgG aPL IS4 and CL24, shown in Figure 38.1, support the
idea that Arg residues are important at the binding sites of these aPL. These Ab are
likely to be representative of pathogenic aPL for a number of reasons. Both aPL
were isolated from patients with APS, shown to be pathogenic in a murine model,
show β2-GPI–dependent binding to PL, and contain numerous somatic mutations
in an antigen driven pattern. Overall the heavy chain CDRs of both IS4 and CL24
display an accumulation of predominantly Arg and Asn residues compared to
acidic residues. This accumulation is greater than that seen in the light chains.
IS4VHCDR3 is long (15 amino acids) with a very high content of 5 Arg residues. It
seems likely that the length and Arg content of this CDR3 arise from N addition
and somatic mutation and that selection by antigen has acted to promote expansion
of the clone containing these Arg residues. Models in Figure 38.1(C,D) support this
hypothesis because 4 of the 5 Arg residues in IS4VHCDR3 are surface exposed and
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could therefore be important in contributing to CL-binding specificity. The model
of CL24VL in Figure 38.1(A) clearly shows that the 2 Arg residues created by somatic
mutation in CDR1 (at position 28 and 31) are surface exposed. In contrast, IS4VL
shown in Figure 38.1(B) has no somatic mutations to Arg at all but does contain a
germline encoded Arg at position 54 which is also present in CL24VL.

Once computer models such as these have been used to identify particular amino
acids that potentially affect the aPL–β2-GPI–PL interaction, further experiments
may be performed to produce variant forms of monoclonal aPL in which these key
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Figure 38.1. Modeling studies of CL24VL, IS4VL, and IS4VH. (A) Model of the light chain of CL24 is shown in sec-
ondary structure mode. (B) A model of the light chain of IS4 in secondary structure mode. (C) Spacefill model of
the heavy chain of IS4. The labeled arginines (Arg) in the large CDR3 loop region of IS4VH are predicted to impor-
tantly contribute to CL binding specificity. (D) The heavy chain of IS4 in secondary structure mode. In all models
Arg residues predicted to be exposed are shown in dark blue (spacefill mode); CDR1 in light and heavy chains is
depicted in yellow, CDR2 in orange, and CDR3 in red.



residues are altered. The wild-type and altered antibodies can be compared to test
the effect this has upon binding and/or pathogenic properties of the antibody. There
are a number of different systems available for expressing antibody sequences as
whole Ig molecules or antigen binding fragments.

Expression Systems for Monoclonal Antibodies

All expression systems involve cloning VH and/or VL sequences of a selected Ab into
an expression vector containing the appropriate amount of CH and/or CL as well as
the components required to enable the plasmid vector to express Ig once trans-
fected into either a bacterial or eukaryotic cell. In this way, either part or the whole
Ig molecule is expressed containing a functional binding site. A major disadvan-
tage of bacterial expression of eukaryotic proteins is that post-translational
modifications are absent and it is not possible to express a stable, functional whole
Ig molecule in bacteria [75]. It has proved possible, however, to express smaller
fragments of Ab which contain a functional binding site.

The simplest expression products are single chain fused variable region (scFv) mol-
ecules. In scFv expression plasmids, VH and VL sequences are cloned either side of a
sequence encoding a short flexible linker fragment which when expressed from bacte-
rial cells allows the VH and VL to interact with each other and produce an antigen
binding site [76]. Fab fragments may also be expressed from bacteria. Expression
vectors for these fragments contain VH and VL followed by a CH1 sequence and a CL
sequence, respectively. Hence, the products of expression are the whole light chain
and half the heavy chain which combine covalently to form Fab [77].

Fab and scFv molecules however, are both unsuitable for use in functional assays
because they lack some or all C region domains. Therefore, despite the usefulness of
these Ab fragments in determining the binding properties of the V region of an
antibody they cannot be used to investigate how altering these binding properties
may affect pathogenicity of these antibodies in vivo. Whole IgG molecules –
expressed from eukaryotic cells – are required for this purpose.

The expression of whole Ig in mammalian cells may be achieved in a variety of
ways which give rise to either transient expression of Ab or the selection of stably
transfected cell lines. Transient expression allows rapid screening of large combina-
tions of different Ab and does not require the selection of cells for drug resistance
markers or long-term maintenance of cell lines but the total yield of Ab is generally
low. In contrast, stable expression systems allow the production of much larger
quantities of Ab than with transient expression but are more difficult and time con-
suming to produce.

The Use of Different Expression Systems in the Further
Investigation of Links Between Sequence, Structure, and
Function of aPL

There have been few studies of the relative importance of heavy and light chain
sequence motifs in the binding of aPL to PL–β2-GPI. Several groups have studied
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murine aPL expressed as scFv. One group found the heavy chain of a pathogenic
aPL to be important in conferring β2-GPI dependent binding to PL as well as LA
activity [78]. Another group studied the murine anti-DNA antibody 3H9, which has
dual specificity for DNA and PL [79]. They found that the introduction of Arg
residues into the heavy chain of 3H9 variable region at positions known to mediate
DNA binding enhanced binding to PS–β2-GPI complexes. In contrast, the CL
binding activity of different monoclonal antibodies A1.72 and A1.84 was found to
be solely mediated by the light chain sequence [80]. The direct relevance of these
studies to APS in humans is limited, however, by the use of murine antibodies in the
form of scFv, which do not contain any constant region sequence, and are therefore
not representative of antibodies found in patients with APS.

A murine monoclonal anti-phosphorylcholine (PC) antibody 6G6 was expressed
as whole IgM molecules [81]. It was demonstrated that both the light chain and
CDR3 of the heavy chain were necessary for binding to PC. A later study expressed a
number of human antibodies in the form of Fab produced by Escherichia coli [82].
These experiments showed that the ability to bind CL was mainly dependent on the
light chain of some human antibodies, but the heavy chain of others. In further
experiments which optimized conditions to improve the quality and quantity of
purified Fabs produced by E. coli significantly, the light chain of 2 human autoanti-
bodies conferred the ability to bind DNA and CL [83] as well as β2-GPI [84]. These
studies, however, were primarily directed at investigating the origin and properties
of anti-DNA Ab and did not study antibodies that were known to be relevant to APS
on the basis of pathogenicity in mouse models. Indeed the first report of in vitro
expression of whole human aPL antibodies with these pathogenic properties has
stemmed from our group [85].

We used a transient expression system to test the binding properties of combina-
tions of heavy and light chains derived from a range of human mAb. These included
the mAb IS4 and CL24 described above. We found that the sequence of IS4VH was
dominant in conferring the ability to bind CL whilst the identity of the VL paired
with this heavy chain was important in determining the strength of CL binding [85].
Modeling studies showed that multiple surface exposed Arg residues were promi-
nent features of the heavy and light chains that conferred the highest ability to bind
CL, particularly IS4VHCDR3 (shown in Fig. 38.1).

In a subsequent study, we examined the importance of specific Arg residues in
IS4VH and paired VL in CL binding (Giles et al., manuscript submitted). The distrib-
ution of Arg residues in CDRs of VH and VL sequences was altered by site-directed
mutagenesis or CDR exchange. Of 4 Arg residues in IS4VHCDR3 substituted to
serines (Ser), 2 at positions 100 and 100g had a major influence on the strength of
CL binding whilst 2 at positions 96 and 97 had no effect. In CDR exchange studies,
VL containing 2 somatically mutated Arg residues in CDR1 were associated with ele-
vated CL binding which was reduced significantly by substitution of one of these
Arg residues with Ser. In contrast, Arg residues in VL CDR2 or CDR3 did not
enhance CL binding, and in one case may have contributed to inhibition of this
binding. In conclusion we found that subsets of Arg residues at specific locations in
the CDRs of heavy and light chains of pathogenic aPL are important in determining
their ability to bind CL as had been predicted previously by both sequence analysis
and computer modeling.

There have been very few studies examining the relationship between sequence,
structure, and pathogenicity of aPL. Sequence analysis of a range of aPL tested in
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the in vivo models of microcirculation by Pierangeli et al [60] revealed that there is
no simple relationship between pathogenicity and strength of binding to CL. Two of
the antibodies tested, IS1 and IS2 as previously mentioned, contained identical VH
and their light chains differed from each other by only 5 amino acids [59]. IS1VL
contained slightly more mutations than IS2VL which improved its reactivity for
antigen but abrogated its thrombogenic activity [60, 86].

Recently, Lieby et al [61] studied the effects of 5 randomly selected monoclonal
aPL from a single patient with PAPS upon pregnant BALB/c mice and found that
only 1 aPL (CIC15) induced fetal losses. The PL binding of this aPL was dependent
upon annexin A5 but not β2-GPI. CIC15VH contains only 2 R mutations in FR1
whilst CIC15VL has 3 R mutations – all Ser to Asn – in CDR1 2 of which are at sites
of antigen contact. To clarify the role of these light chain mutations in pathogenicity
of the Ab they were reverted to the germline configuration and expressed with the
native CIC15VH sequence. The resulting almost germline Ab reacted with multiple
self antigens, only partially lost its reactivity against PL, but was no longer depen-
dent on annexin A5 and more importantly no longer induced fetal loss in BALB/c
mice.

Therapeutic Implications

Currently, therapeutic recommendations in patients with APS consist of aspirin +/-
anticoagulation with warfarin or heparin, depending upon whether the patient has
previously experienced a vascular thrombotic event or pregnancy morbidity.
Recurrence rates of up to 29% for thrombosis and mortality of up to 10% over a
follow-up period of 10 years have been reported, despite the currently best available
treatment of life long anticoagulation [87, 88]. Thus, it is important to develop new
treatments for APS which are both more effective and more accurately targeted to
the disease process. In particular, it may be advantageous to block or manipulate
interactions between aPL and their major epitopes.

Sequence analysis of monoclonal aPL allows a greater understanding of how
pathogenic aPL interact with their target antigen. Several groups have shown that
the pathogenic effects of monoclonal anti– β2-GPI antibodies in mice could be neu-
tralized with synthetic peptides that bound to DI-II, DIII, and DIV [89, 90]. To be
therapeutically useful, however, this approach requires the ability to identify a
broadly cross-reactive peptide capable of binding with aPL in the majority of APS
patients. Not all of these peptides meet these criteria [89].

An alternative approach would be to develop a drug containing the epitope for
aPL that was able to tolerize aPL specific B cells leading to their anergy or deletion.
Various studies using monoclonal aPL have identified possible epitopes on β2-GPI,
and the results from a number of studies are consistent with the location of domi-
nant epitopes on domain I [reviewed in 74]. These findings have led to the develop-
ment of a β2-GPI–domain I-specific B cell tolerogen, LJP 1082, which has recently
been evaluated in a phase I/II clinical trial [91]. The drug was well tolerated and led
to a reduction in anti–β2-GPI Ab titers in patients with APS. Further clinical trials
are required to evaluate whether this reduction in anti–β2-GPI Ab titers will lead to
a reduction in manifestations of the APS.
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Conclusion

From the published sequences of monoclonal aPL there is no evidence that particu-
lar human Ig V region genes are used preferentially to encode aPL. Somatic muta-
tions which are antigen driven confer high specificity binding in IgG aPL but do not
play a role in the formation of similar binding characteristics in the more specific
IgM aPL. We have identified a common factor between these 2 groups of aPL, which
is the presence of Arg, Asn, and Lys residues in CDRs and contact sites. These are
germline encoded in the more specific IgM aPL but often arise due to somatic muta-
tions in the IgG aPL. Our hypothesis is that the Arg, Asn, and Lys residues increase
the affinity of binding via electrostatic interactions and hydrogen bonds with nega-
tively charged epitopes upon PL and domain I of β2-GPI. We have demonstrated the
relative importance of certain surface exposed Arg residues at critical positions
within the light chain CDR1 and heavy chain CDR3 of different human monoclonal
aPL in conferring the ability to bind CL. It is now important to test the effects of
sequence changes involving these amino acids on pathogenic functions of these
aPL. Such tests may help to define the nature of interactions between aPL, PL, and
β2-GPI. This may eventually help in the development of drugs to interfere with
those interactions, and thereby improve the treatment of APS.
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39 Apoptosis and Antiphospholipid Antibodies
Keith B. Elkon, Neelufar Mozaffarian, and Natalia Tishkevich

Introduction

In the early 1980s, a motley crew of itinerants strove to discover the cause of sys-
temic lupus erythematosus (SLE) in Graham Hughes’ laboratory at the
Hammersmith Hospital, London. The crew included myself (KBE), Azzudin
Gharavi, Bernie Colaco, and others. Having presented a stimulating paper by Robert
Schwartz at a journal club demonstrating that some murine anti-DNA monoclonal
antibodies cross react with phospholipids [1], Aziz, Bernie, and I decided to test the
same idea in human SLE, and Graham decided to re-explore the clinical associa-
tions of anticardiolipin (aCL) autoantibodies. The resulting publications [2, 3] were
a start and led to the subsequent collaboration between Aziz and Nigel Harris, and
the development of the quantitative solid-phase immunoassay for antiphospholipid
antibodies (aPL) that transformed the field.

In this brief review, we will provide an outline of apoptosis and discuss its rele-
vance to aPL and the development of systemic autoimmunity.

Why Is Apoptosis Clinically Relevant to aPL and Systemic
Autoimmunity?

A number of clinical observations have focused attention on the products of apop-
totic cells as antigens or immunogens in SLE:

1. An increase in apoptosis of SLE peripheral blood mononuclear cells (PBMC) in
vitro has been observed [4] and has been correlated with lymphopenia in the
patient [5]. Freshly isolated lymphocytes from patients show high annexin V
binding [6] and elevated caspase 3 functional activity [7], suggesting that accel-
erated apoptosis occurs in vivo.

2. SLE macrophages may have a reduced uptake of apoptotic cells in vitro [8].
3. Nucleosomes (histones complexed to DNA), a product of apoptotic cells 

(see below) are detected in the circulation of SLE patients with active disease
[9].

4. Nucleosomes are more strongly antigenic than DNA or histones alone, and anti-
bodies to nucleosomes precede those to DNA and histones [10, 11].
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5. Nucleosomes, but not isolated DNA or histones, deposit in the glomeruli, sug-
gesting that it is in situ fixation of nucleosomes, rather than DNA/anti-DNA
immune complexes that causes lupus nephritis [12, 13].

6. SLE antigens are redistributed to apoptotic blebs when cells such as ker-
atinocytes undergo programmed cell death [14]. Some, but not all of these anti-
gens undergo modification, including cleavage and phosphorylation. It is
possible that this makes them more antigenic.

7. Phosphatidylserine (PS), the negatively charged phospholipids that flips from
the inside to outside of the dying cell (see below), may serve as an antigen for
aCL [15] and PS (either on activated platelets or apoptotic cells) provides a scaf-
fold for the coagulation cascade [16, 17].

In addition to SLE, aPL have been detected in other autoimmune diseases where
apoptosis is abnormal. For example, impaired Fas mediated apoptosis results in
massive lymphadenopathy and systemic autoimmunity in humans [18, 19]. It
appears that aPL directed at phospholipids and at related proteins such as β2-glyco-
protein I (β2-GPI), prothrombin, and annexin V are a common feature in these
patients [20].

aPL Bind to Many Different Antigens Derived from Apoptotic Cells

The aPL traditionally refer to both aCL and lupus anticoagulant antibodies (LA),
identified by in vitro assays that quantify aCL binding or prolongation of coagula-
tion, respectively. Although prototypic aPL bind to negatively charged phospho-
lipids, aPL react with a broad array of cell membrane derived phospholipids and
their associated proteins that include not only cardiolipin (CL), but also phos-
phatidylserine (PS), phosphatidycholine (PC), phosphatidyethanolamine (PE), β2-
GPI, prothrombin, protein C, protein S, kininogen, and annexin V (see other
chapters in this volume).

The polyclonal autoantibodies that occur in patients are heterogeneous with
respect to their fine binding specificities, affinities, effects on coagulation, and their
role in the antiphospholipid syndrome (APS). Although these antibodies could be
generated by polyclonal B cell activation or cross-reactivity in an immune response
to foreign antigen (for a review of aPL generated via infectious disease-related mol-
ecular mimicry see [21]), in this chapter we will provide evidence to support the
argument that aPL are generated in response to dead and dying cells. This evidence
includes the localization of CL in mitochondrial membranes (a critical site involved
in the regulation of apoptosis as discussed below); the translocation of another neg-
atively charged phospholipid, PS, which is normally located on the inner cytoplas-
mic leaflet of the lipid bilayer to the outer cell surface during apoptosis; and, finally,
we review studies showing that aPL can be generated by immunization of animals
with dying cells.

What Is Apoptosis?

The term apoptosis was coined by Kerr, Wyllie, and Currie in 1972 to describe the
form of cell death characterized by shrinkage, nuclear condensation, and cell bleb-
bing [22]. Notably, the process of apoptosis is ATP dependent, and the observable
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changes in the nucleus and cell membrane are preceded by active bi-directional
redistribution of phospholipids in the cytosolic membrane via the activity of scram-
blase, a non-specific lipid translocator [23]. Following re-distribution of these mole-
cules, the orderly death program of apoptosis results in the formation of smaller
blebs or “apoptotic bodies,” membrane bound packages of cytosolic contents which
elicit phagocytosis and an anti-inflammatory response (characterized by the pro-
duction of transforming growth factor-beta and prostaglandin E2) [24]. The apop-
tosis-induced activation of scramblase is integral to this process, as the appropriate
recognition of and response to apoptotic bodies by phagocytes depends upon the
surface presentation of typically sequestered and less accessible phospholipids and
associated intracellular proteins. Because patients with Scott’s syndrome, an inher-
ited defect in calcium-induced scramblase activity, still flip PS to the outside of the
membrane of apoptotic cells, it is suggested that ABC1 may be the key lipid trans-
porter in apoptotic cells [25].

Cellular necrosis differs from apoptosis in that it is typified by disorderly frag-
mentation of chromatin as well as severe damage to the mitochondria, resulting in
uncontrolled release of cell products and a reactive pro-inflammatory response with
the production of cytokines such as tumor necrosis factor-alpha, interleukin (IL)-1,
and IL-6 [24]. However, it should be noted that the distinction between apoptosis
and necrosis is not absolute. The same inducers (e.g., ischemia, hydrogen peroxide)
may produce either apoptosis or necrosis depending on the dose and, consequently,
the severity of the injury. The cell fate decision is determined, in part, by cellular
energy reserves such as ATP [26]. Some types of injury may initially cause apoptosis
followed by necrosis (“post-apoptotic necrosis”), especially if there is a delay in
removal of the apoptotic cells. This overlap is important, as leakage of cellular
material (heat shock proteins, HMGB-1, or nucleic acids themselves) promote acti-
vation of the innate immune system and may be necessary for immune responses to
self.

How Does Apoptosis Occur?

A simplified schematic diagram of an apoptotic cell and the key pathways that regu-
late apoptosis are shown in Figure 39.1. For a much more detailed discussion of the
biochemistry of apoptosis, the reader is referred to a series of reviews in Oncogene
(Nov. 24 and 27, 2003). Death of a cell may forced upon the cell by a receptor medi-
ated pathway such as Fas/ APO-1/ CD95 [Fig. 39.1(A)] or be the result of an intrinsic
program that works through the mitochondria [Fig. 39.1(B)] or endoplasmic reticu-
lum [Fig. 39.1(C)]. Regardless of the initiating event, cysteine rich proteases (cas-
pases) that have specificity for aspartic acid residues become activated (caspase 8 or
10 in the case of Fas) or caspase 9 in the case of mitochondrial pathways. These ini-
tiator caspases induce a cascade that activates the effector caspases such as caspase
3, 6, and 7. The caspase cascade results in the cleavage of a number of substrates
that include certain autoantigens (e.g., chromatin through the cleavage of ICAD
releasing CAD [27],U1- RNP, DNA-protein kinase [28]) as well as structural pro-
teins within the cytosol, nuclear, and plasma membranes. Of particular interest to
autoimmunity is the cleavage of chromatin into nucleosome fragments and the
translocation of negatively charged phospholipids from the inside to the outside of
the cell membrane as mentioned above (Fig. 39.1). Also, in the context of the associ-
ation between aCL and clotting disorders discussed extensively in this volume, the
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exposure of membrane PS potentiates the coagulation cascade by acting as a scaf-
fold for the tenase and prothrombinase complexes [25].

What Happens to Apoptotic Cells In Vivo?

Within the immune system alone, more than 108 apoptotic cells are removed from
the body each day. These apoptotic cells are generated in vast numbers in the
central lymphoid organs such as the thymus and bone marrow by out-of-frame re-
arrangements of antigen receptors, negative selection, or simple “neglect.” In addi-
tion, a significant load of apoptotic cells is also produced in the peripheral immune
system due to the relatively short life span of lymphocytes and myeloid cells as well

(a)

(b)

Figure 39.1. The fundamental pathways of apoptosis. Cell death can be initiated by multiple pathways, including
an extrinsic ligand induced pathway (left panel), an intrinsic pathway mediated by the mitochondria (middle
panel), and an intrinsic pathway mediated through the endoplasmic reticulum (ER) (right panel). Death recep-
tors may activate the intrinsic pathway in that caspase 8 cleaves a pro-apoptotic molecule, Bid, which causes
release of cytochrome c from mitochondria and amplification of the caspase cascade. Examples of stimuli that
can induce each of these pathways are shown. Note that these pathways differ in the upstream caspases acti-
vated, but converge to cleave the effector caspases such as caspase 3 during execution of apoptosis. During ER
stress, unfolded proteins release the ER chaperone protein, Bip, from the stress sensor proteins, IRE and PERK.
The alterations that occur during dissolution of the cell are too numerous to mention but a few are highlighted
in view of their potential relevance to aPL and autoimmunity. Exposure of phosphatidylserine (PS) on the cell
surface (lower left) provides a simple means for detection of apoptotic cells through binding to annexin V and
may be relevant to the generation of aPL autoantibodies and coagulation disorders in vivo. Cleavage products of
chromatin (lower middle) as well as proteins, such as lamins and DNA-PK, may be antigenic in lupus.
Abbreviations: Cyt C = cytochrome c; PS = phosphatidylserine; LPC = lysophosphatidylcholine.
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as specialized sites of secondary selection of high-affinity B cells in germinal
centers. The specialized sites of selection (thymus, bone marrow, and lymphoid fol-
licles) have remarkably efficient phagocytes that remove the dying cells rapidly.
Apoptotic cells not only induce immunosuppressive cytokines by macrophages, but
also inhibit pro-inflammatory responses by dendritic cells. Both of these phenom-
ena likely result in tolerization of T cells to self antigens [29].

Key alterations occur in the cell membrane of the dying cell that alert
macrophages to phagocytose the cell and degrade it in a non-inflammatory fashion.
Although a large number of receptors and ligands have been implicated in a two-
step tether-and-tickle process of phagocytosis [30], here we will focus on the 2 cate-
gories of receptors that involve the phospholipids, PS and PC. The negatively
charged phospholipid, PS is recognized by a specific PS receptor (PSR) on
macrophages and promotes phagocytosis [31]. In view of the proposed cross-reac-
tivity of aPL between PS and CL [15], it is of considerable interest that aCL antibod-
ies appear to preferentially bind to oxidized CL and that PS on the surface of
apoptotic cells is also frequently oxidized [32]. PS is also known to bind to a
number of proteins including β2-GPI), Gas6, milk fat globule epidermal growth
factor 8 (MFGE-8), and annexins I and V, thereby allowing the protein bridges to
interact with different receptors (Fig. 39.2). Significantly, deletion of at least 2 of
these pathways in mice results in defective clearance of apoptotic cells and lupus-
like autoimmunity [34, 35]. It remains to be determined what role, if any, anti-CL
antibodies have in altering the clearance of dying cells (see Fig. 39.3).

A second mechanism involving aPL and the clearance of apoptotic cells relates to
complement deposition on the cell surface [38]. It is well known that deficiencies of
early complement components leads to lupus, but only recently has it been reported
that deficiency of early complement components lead to defective phagocytosis of
apoptotic cells [39]. Because IgM deficiency also predisposes to lupus, at least in
mice [40, 41], we recently related these observations by showing that polyclonal

Figure 39.2. The role of phospholipids as ligands for the phagocytosis of apoptotic cells. There are numerous
receptors and ligands implicated in the clearance of apoptotic cells [33]. At least 2 phospholipids, LPC and PS,
serve as antigens, scaffolds, or activators of cascades as shown. Abbreviations: avβ3/5 = the vitronectin receptor;
β2-GPI = β2-glycoprotein I; C = complement; MFGE-8 = milk fat globule epidermal growth factor 8; PSR = phos-
phatidylserine receptor.
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natural IgM antibodies bind to lyso-phosphatidylcholine (LPC) and activate com-
plement [42] (Fig. 39.2). The potential role of IgM and complement in the clearance
of apoptotic cells and tolerization of T cells is illustrated in Figure 39.3. This topic is
dealt with in greater depth elsewhere [43]. It should be emphasized that the
beneficial functions of the early complement components should be contrasted with
the damaging effects of the later complement components (C5-9) that are impli-
cated in nephritis and fetal loss (the latter associated with aCL).

Can Dying Cells Induce aPL In Vivo?

The fact that autoantibodies target many of the products of apoptotic cells does not
necessarily mean that the apoptotic cells induced the immune response. It is,
however, particularly intriguing that aCL have been shown to bind with greater
affinity to oxidized CL [44] and there is good evidence that PS that has translocated
to the outside of the cell is also oxidized [32]. To address whether apoptotic cells
can be immunogenic, apoptotic thymocytes were injected in the absence of adju-
vant into normal syngeneic mice and autoantibody production was monitored. The
results of these studies showed that low levels of autoantibodies against ssDNA and
negatively charged phospholipids can be generated following immunization with
apoptotic cells, but that autoantibodies against protein antigens were not [45].
Although it is possible that the dose, duration, or mode of administration may not
accurately mimic exposure that occurs in spontaneous disease, it appears that a
large load of dying cells can initiate humoral autoimmunity, but does not lead to
clinical expression of disease. In a recent study, it was shown that immunization of
apoptotic cells with a mutant form of MFGE-8 that binds to PS on apoptotic cells
but is not efficiently phagocytosed, also stimulates the production of aCL autoanti-
bodies [46]. 

The generation of aPL in these studies is intriguing. It is possible that exposure of
a multivalent antigen like PS on the cell surface may be sufficient to break B, but not
T, cell tolerance, accounting for the transient nature of the immune response [45]

Figure 39.3. Possible immunological consequences of apoptosis in relation to aPL and autoimmunity. Antibodies
to the different (modified) phospholipids on the cell surface may have different consequences for immune acti-
vation or tolerance. As shown on the left, IgM anti-LPC antibody activation of complement promotes clearance,
which is associated with immunosuppressive cytokines [36]. Similarly, bridging proteins (see Fig. 39.2) presum-
ably also facilitate silent clearance of apoptotic cells [24]. However, excess coating with certain bridging proteins
can, under certain circumstances, reduce phagocytosis and lead to immunization [37]. Another way in which aCL
may activate phagocytes is through engagement of FcgR. Finally, it is possible that PS exposure may act as a
polyvalent, T independent antigen capable of cross-linking surface immunoglobulin on the surface of B lympho-
cytes.



(see Fig. 39.3). An important question for the future is what are the additional
requirements for protracted autoimmunity? Could exposure to larger numbers of
apoptotic cells, defective uptake of apoptotic cells, alteration of macrophage or den-
dritic cell responses (cytokine production, antigen processing), or T cell defects
generate clinical expression of disease?

Conclusions and Future Directions

In an editorial on apoptosis published more than a decade ago, we asked whether
there was “too little or too much apoptosis” in SLE [47]. It is now apparent that
only rare SLE patients have reduced apoptosis signaling through Fas or Fas ligand
[48, 49]. As discussed above, there is some evidence of enhanced apoptosis in SLE
and this is also suggested by lymphopenia, an ACR criterion for the disease. More
information is required on cell turnover in patients in vivo. In contrast to these
quantitative aspects, increasing emphasis has recently been placed on qualitative
aspects of apoptosis (how cells die) and how the corpses are dealt with (Fig. 39.3).
As mentioned, the complement deficiencies in humans and the knockout experi-
ments in mice argue strongly that deficient opsonization or aberrant handling of
the dying cells lead to immune responses to self. This insight needs to be translated
to the human situation and, once well understood, to be corrected. 

While it is reasonable to propose that aCL are generated in response to PS or CL
in apoptotic cells, and there is experimental evidence to support the induction of
aCL by dying cells, it must be acknowledged that the stimulus for aPL generation in
human disease remains uncertain. It would be useful to gain at least correlative data
linking apoptosis and aPL. Finally, the discovery that a different category of aPL,
IgM natural antibodies to LPC, provide a protective function by promoting comple-
ment fixation and clearance of apoptotic cells [42, Kowalewski, submitted], pro-
vides a new window for exploration of the mechanisms of autoantibody production
and the clinical expression of disease.
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40 Accelerated Atherogenesis and
Antiphospholipid Antibodies
Eiji Matsuura, Kazuko Kobayashi, and Luis R. Lopez

Introduction

Atherosclerosis is a major health concern of worldwide importance. The causal rela-
tionship between atherosclerosis and cholesterol metabolism is well established.
However, newer inflammatory and immunologic mechanisms are emerging as rele-
vant factors for the initiation and progression of atherosclerotic lesions. In particu-
lar, the oxidation of low-density lipoprotein (LDL) has been identified as an early
pro-atherogenic event that promotes the formation of macrophage derived foam
cells [1–4].

The increased cardiovascular morbidity and mortality recently reported in
patients with systemic autoimmune diseases is a likely consequence of the acceler-
ated (or premature) development of atherosclerosis. These findings have suggested
a contributing role of autoimmunity in the development of atherosclerosis.
Antiphospholipid syndrome (APS) is characterized by venous and arterial throm-
boembolic complications associated with high serum levels of antiphospholipid
antibodies. APS is frequently diagnosed in the context of an autoimmune disease [5,
6]. The exact mechanism(s) by which anticardiolipin (aCL), lupus anticoagulants
(LA), and/or other antiphospholipid antibodies promote thrombosis is not com-
pletely understood. It is now widely agreed that β2-glycoprotein I (β2-GPI) plays a
central role in APS, and more importantly, represents a major antigenic target for
antiphospholipid antibodies [7–11].

Oxidized LDL (oxLDL) is the principal lipoprotein found in atherosclerotic
lesions, and it co-localizes with β2-GPI and immunoreactive lymphocytes [12]. It
was also reported that aCL antibodies from patients with systemic lupus erythe-
matosus (SLE) cross-reacted with malondialdehyde (MDA) modified LDL [13], and
that anti–β2-GPI antibodies were associated with arterial thrombosis [14, 15]. These
findings further indicated the participation of antiphospholipid antibodies in
atherogenesis. More recently, we have demonstrated that oxLDL binds to β2-GPI,
and that these complexes (oxLDL/β2-GPI) can be found in the blood stream of
patients with various autoimmune and chronic inflammatory diseases, such as SLE,
APS, chronic renal disease, diabetes mellitus, as well as in some patients with
“acute” myocardial infarction [16].

IgG antibodies to oxLDL/β2-GPI were detected only in SLE and APS patients and
were strongly associated with arterial thrombosis. Further, immune complexes con-
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taining oxLDL, β2-GPI, and IgG anti–β2-GPI antibodies have also been detected in
SLE and APS patients [16]. Our recent in vitro experiments showed that oxLDL/β2-
GPI complexes were internalized by macrophages via an anti–β2-GPI antibody
mediated phagocytosis [17–19]. Thus, circulating IgG immune complexes contain-
ing oxLDL and β2-GPI may be atherogenic. In contrast, recent reports indicated that
natural antibodies (mainly of the IgM class) derived from hyperlipidemic mice
reduced the incidence of atherosclerosis in experimental models [20–23].

Atherogenic Mechanisms

Atherosclerosis is a pathological condition in which arteries undergo thickening of
the intima causing a decrease in their elasticity. The aorta, coronary, and cerebral
arteries are blood vessels most commonly affected by atherosclerosis. The appear-
ance of lipid laden foam cells is a characteristic hystologic finding in early athero-
sclerotic lesions. Figure 40.1(A) depicts a current consensus of different events
leading to the initial stages of atherosclerosis. Hypercholesterolemia is commonly
associated with an elevation of LDL, which is the lipoprotein that accumulates in
foam cells. Increasing LDL blood levels together with arterial shear stress may
produce a vascular inflammatory response, with the adherence of circulating mono-
cytes to endothelial cells and the migration of these elements (LDL, oxLDL, and
monocytes) into the intima. The oxidative modification of LDL may be further cat-
alyzed by inflammatory cells at the site of the arterial lesion, resulting in foam cell
formation (oxLDL loaded macrophages). Numerous pro-inflammatory molecules
and/or adhesion molecules also participate in the development of atherosclerosis.
These molecules participate under complicated interrelated conditions and include:
monocyte chemo-attractant protein-1 (MCP-1), macrophage colony-stimulating
factor (M-CSF), interferon-γ (IFN-γ) , tumor necrosis factor-α (TNF-α), inter-
leukine-4 (IL-4), platelet-derived growth factor (PDGF), heparin-binding EGF-like
growth factor (HB-EGF), intercellular adhesion molecules (ICAMs), vascular cell
adhesion molecules (VCAM-1), endothelial selectin (E-selectin), and so on [24–27].
In addition, macrophage scavenger receptors and various cell–cell interactions, pos-
sibly via CD40 and CD40 ligands, have been reported to be involved in the develop-
ment of atheroma [28].

When the endothelial surface of the atherosclerotic lesion becomes damaged and
unstable, it may rupture. This event is followed by the activation of blood coagula-
tion mechanisms such as platelet aggregation and thrombi formation, which can
result in a complete occlusion of the blood vessel and tissue or organ necrosis, as
seen in acute myocardial and cerebral infarction.

Macrophages and Scavenger Receptors

Macrophages receptors for the specific uptake of LDL were first described by
Goldstein and Brown [29, 30]. Theses receptors are downregulated to prevent lipid
overloading. Another type of macrophage receptor was later described for chemi-
cally modified LDLs and named scavenger receptors [29, 31]. These scavenger
receptors are not downregulated, and may lead to the accumulation of massive
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amounts of intracellular lipids in macrophages, resulting in the formation of
macrophage derived foam cells. Initially, acetylated LDL was used as a ligand to
study scavenger receptors, but this acetylation was not seen under physiological
conditions. In contrast, oxLDL was described as a physiological ligand for scavenger
receptors, and it was generated by peroxidation of LDL when co-cultured with
endothelial cells or when incubated with a metal ion such as Cu2+ or Fe2+.

Scavenger receptors (i.e., SR-A) were first cloned by Kodama and his colleagues
[32, 33], and shown to be specific for both acetylated LDL and Cu2+–oxLDL. This
was followed by the description of several different types of scavenger receptors,
that is, MARCO (a novel macrophage receptor with collagenous structure), SR-B1,
CD36, Macrosialin, CD68, LOX-1, SREC, SRPSOX, etc. [34–41].

LDL Oxidation

The LDL particle contains phospholipids, free cholesterols, cholesteryl esters,
triglycerides, and apolipoprotein B (apoB). Both the lipids and apoB are subjected
to oxidation, and apoB breaks down into fragments of different sizes (from 14 kDa
to over 550 kDa) by oxidative attack [42]. A key feature of LDL’s oxidation is the
breakdown of the polyunsaturated fatty acids to yield a broad array of smaller frag-
ments including aldehydes and ketones that can become conjugated to amino lipids
or to apoB [43]. The polyunsaturated fatty acids in cholesterol esters, phospho-
lipids, and triglycerides are subject to free radical–initiated oxidation and can par-
ticipate in chain reactions that amplify the damage. Recently, 2 oxidized fatty acid
components have been described, 9- or 13-hydroxyoctadecadienoic acid (9-HODE
and 13-HODE). These activate peroxisome proliferator–activator receptor γ
(PPARγ), a transcriptional regulator of genes linked to lipid metabolism that upreg-
ulate the CD36 scavenger receptor [44]. Thus, lipid components of oxLDL generated
by PPARγ activation can promote foam cell formation.

Linoleic acid is a predominant polyunsaturated fatty acid in LDL present mainly
as a cholesterol ester [45]. In mildly oxidized LDL, cholesteryl hydroperoxyoc-
tadecadienoic acid (Chol-HPODE) and cholesteryl hydroxyoctadecadienoic acid
(Chol-HODE) are the main products of oxidation [46]. It has been reported that
Cho-HPODE inactivate PDGF [47]. The oxidative breakdown of either free polyun-
saturated fatty acids or those esterified at the sn-2 position of phospholipids result
in fatty acid hydroperoxides which form highly reactive products containing alde-
hyde and ketone functions. Such active functions can form Schiff base adducts with
lysine residues of the apoB moiety of LDL or other proteins, and with primary
amine containing phospholipids such as phosphatidylserine and phos-
phatidylethanolamine.

Cholesterol is also converted to oxysterols, and it is especially oxidized at the 7-
position. 7-Hydroxycholesterol (both free and esterified) is the major oxysterol
formed during early events in LDL oxidation, with 7-ketocholesterol dominating at
later stages [48]. Recent studies indicated that elevated plasma level of 7β-hydroxyc-
holesterol is associated with an increased risk of atherosclerosis [49]. At a later stage
of LDL oxidation, cholesterol or 7-ketocholesteryl esters of 9-oxononanoate derived
from cholesteryl linoleate, are detected as the most abundant fraction of oxidized
cholesteryl linoleate [50–52]. As a result of oxidation, a large number of oxidative
structures are literally generated.
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Chemically modified LDLs, such as MDA modified LDL, acetylated LDL, and Cu2+

mediated oxLDL, were extensively examined as experimental models of denatured
LDL to study atherogenic mechanisms. Among these models, trace amounts of Cu2+

can induce LDL oxidation, resulting in highly reproducible LDL damage [53]. This
process leads to an oxidized LDL structure that shares many functional properties
with the LDL oxidized by cells or to oxLDL extracted from arterial atherosclerotic
plaques. Incubation of LDL with several different types of cells, or with Cu2+ even in
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Figure 40.1. Mechanisms of development of atherosclerosis. (A) General consensus of atherogenesis. (B) Possible
mechanism of anti–β2-GPI autoantibody mediated oxLDL uptake by macrophages in APS. (C) Proposed mecha-
nism of development of thrombosis in APS.



the absence of cells, results in an oxLDL structure with similar properties [54].
There is general consensus that Cu2+ oxidized LDL is a relevant autoantigen because
the oxLDL found in atheromatous lesions and the oxLDL extracted from athero-
sclerotic lesions exhibited similar physicochemical and immunological properties
to the Cu2+ oxLDL [55]. Thus, Cu2+ mediated oxLDL seems to be a more suitable
model for physiological LDL rather than other chemically modified LDL, such as
MDA-LDL. In vivo, LDL might be alternatively oxidized by released Cu2+ from ceru-
loplasmin, the major copper-containing component of mammalian plasma [56, 57].

OxLDL/β2-GPI Complexes

β2-GPI is a 50 kDa single chain polypeptide composed of 326 amino acid residues,
arranged in 5 homologous repeats known as complement control protein domains.
β2-GPI’s fifth domain contains a patch of positively charged amino acids that likely
represents the binding region for phospholipids [58, 59]. β2-GPI binds strongly to
negatively charged molecules, such as phospholipids, heparin, and certain lipopro-
teins, as well as to activated platelets and apoptotic cell membranes. This binding
may aid the clearance of apototic cells from circulation [60]. Further, β2-GPI may
have anticoagulant properties, as it has been shown to inhibit the intrinsic coagula-
tion pathway, prothrombinase activity, and ADP dependent platelet aggregation
[61]. It has also been reported to interact with several components of the protein C,
protein S anticoagulant system [62].

We recently demonstrated [16–19] the specific interaction between Cu2+-oxLDL
and β2-GPI by ELISA, optical biosensor (Fig. 40.2) and ligand blot analysis on a
silica gel plate for thin layer chromatography (TLC) (Fig. 40.3). Thus, oxLDL but not
native LDL, binds β2-GPI and anti–β2-GPI autoantibodies. Two chloroform
extractable lipids (oxLig-1 and oxLig-2) were identified as the ligands for the
specific interaction between oxLDL and β2-GPI. These oxLDL-derived β2-GPI
specific ligands were further purified by reverse-phase HPLC and their structures
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Figure 40.2. Molecular interactions among LDL, β2-GPI, and anti–β2-GPI autoantibodies detected by optical
biosensor (IAsys). (A) Native LDL or oxLDL binding to solid phase β2-GPI. (B) Native LDL or oxLDL binding to
solid phase WB-CAL-1 antibody (anti–β2-GPI autoantibody) in the presence of β2-GPI.



were identified as 7-ketocholesteryl-9-carboxynonanoate [9-oxo-9-(7-ketocholest-
5-en-3β-yloxy) nonanoic acid (IUPAC)] and 7-ketocholesteryl-12-carboxy (keto)
dodecanoate, respectively (Fig. 40.4). Cholesteryl linoleate present in LDL is a major
core lipid and represents the most probable candidate for a precursor of these
ligands.

The initial in vitro interaction of Cu2+-oxLDL with β2-GPI is due to electrostatic
interactions between ω-carboxyl functions and lysine residues of β2-GPI and is
reversible by Mg2+ treatment. This interaction later progresses to a much more
stable bond such as Schiff base formation with an ω-aldehyde (Fig. 40.5).
Interestingly, the negative charges generated by Cu2+-oxLDL were neutralized by
the interaction with β2-GPI (Fig. 40.6). These complexes are occasionally present in
APS and SLE patients as IgG immune complexes with anti–β2-GPI antibodies [16].
The strength of the bond formed and the neutralization of the charges by the com-
plexes may contribute to their stability in the blood stream.

Role of Macrophage Fcγ Receptors

We first demonstrated in 1997 that the in vitro macrophage uptake of 125I-Cu2+-
oxLDL was significantly enhanced in the presence of β2-GPI and IgG anti–β2-GPI
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Figure 40.3. Thin layer chromatography (TLC) and ligand blot of lipid extracts from LDL. Lipids were spotted on a
TLC plate, developed in chloroform/methanol/30% ammonia/water (120:80:10:5, v/v/v/v). Plates were stained
with I2 vapor, molybdenum blue. Ligand blot was performed with β2-GPI and anti–β2-GPI antibody (WB-CAL-1
and EY2C9). WB-CAL-1 and EY2C9 are monoclonal anti–β2-GPI autoantibodies derived from NZW x BXSB F1
mouse (an animal model of APS) and APS patient, respectively.



Accelerated Atherogenesis and Antiphospholipid Antibodies 507

Figure 40.4. Structures of oxLDL derived ligands, specific for β2-GPI. (A) Cholesteryl linoleate (as a precursor). 
(B, C) Major ligands for β2-GPI (oxLig-1 and oxLig-2, respectively). (C) A common structure of the β2-GPI ligands.
oxLig-1: 1H-NMR (300.1 MHz, CDCl3): = 5.71 (s, 1 H, H-6), 4.78-4.69 (m, 1 H, H-3); 13C-NMR (75.5 MHz, CDCl3): 
= 202.5, 179.7, 173.4, 164.5, 127.1, 72.4, 55.2, 50.4, 50.2, 45.8, 43.5, 39.9, 38.7, 36.6, 36.1, 29.2, 28.9, 28.4, 25.3,
25.0, 24.2, 23.2, 23.0, 19.3, 17.7, 12.4; m/z (FD-MS): 571 [(M+H)+, C36H59O5 requires 571].

Figure 40.5. Mechanism of complex formation between oxLDL and β2-GPI.



autoantibodies [17]. Further, the macrophage uptake of liposomes containing β2-
GPI ligands (oxLig-1 and oxLig-2) was also enhanced confirming the previous
results [16, 18, 19]. These findings indicate that IgG anti–β2-GPI autoantibodies may
be pro-atherogenic. The in vivo oxLDL uptake is likely mediated by Fcγ receptors
rather than by scavenger receptors [Fig. 40.1(B)]. In contrast, Fcµ receptors have
poor phagocytic properties, possibly making IgM class of autoantibodies and/or
natural antibodies anti-atherogenic (or protective).

Both a ketone function at the 7 position (not at the 22 position) on the sterol
backbone and the ω-carboxyl function on the acyl chain of the ligands are responsi-
ble either for the interaction between oxLDL and β2-GPI or the β2-GPI/anti–β2-GPI
mediated uptake of oxLDL by macrophages [16].

oxLDL/β2-GPI and anti–oxLDL/β2-GPI Complex ELISA

We established a novel ELISA system for oxLDL/β2-GPI complexes utilizing an
anti–β2-GPI monoclonal antibody, WB-CAL-1, derived from a NZW x BXSB F1
mouse [63] (Fig. 40.7). Microwells were coated with WB-CAL-1, diluted serum
samples applied, and bound oxLDL/β2GPI complexes determined with an enzyme-
labeled anti-apoB antibody. WB-CAL-1 antibody only captured β2-GPI when com-
plexed with oxLDL, it did not react with free β2-GPI in solution. ELISA for
anti–oxLDL/β2-GPI antibodies used oxLDL/B2-GPI complexes as the antigenic sub-
strate. OxLDL/B2-GPI coated microwells were reacted with diluted samples and
bound antibodies determined with an enzyme-labeled anti-human antibody [16, 18,
19].
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Figure 40.6. Agarose electrophoresis of oxLDL/?2-GPI complexes. oxLDL12h: LDL was oxidized by incubating
with Cu2+ ion for 12 hours. oxLDL12h–?2-GPI16h: complexes prepared by incubating oxLDL12 and ?2-GPI for 16
hours at 37°C.



Oxidation of LDL and Atherogenesis

Traditional risk factors for atherosclerosis include high blood cholesterol levels
from either dietary or familial (hereditary) sources, high blood pressure, diabetes
mellitus, obesity, smoking, and inactive lifestyles. These risk factors may contribute
to both the initiation and the progression of atherosclerotic lesions, and thought to
disrupt a number of regulatory and inflammatory mechanisms within the arterial
wall. The causal relationship between atherosclerosis and blood cholesterol has
been established. The cholesterol that accumulates in macrophage-derived foam
cells is derived from circulating lipoproteins, mainly from the pro-atherogenic LDL
[2–4]. However, LDL must be modified before is taken up by macrophages via scav-
enger receptors, and oxidation of LDL represent one such mechanism [64]. Native
(unmodified) LDL and perhaps, minimally modified LDL are removed from circula-
tion by LDL receptors located on endothelial and monocyte–macrophage cells.
These LDL receptors are downregulated to prevent excessive intracellular lipid
accumulation. In contrast, LDL modified by lipid peroxidation is removed at a
higher rate by macrophage scavenger receptors. Scavenger receptors are not down-
regulated, making possible an excessive intracellular accumulation of oxLDL that
leads to foam cell formation.

Several studies have demonstrated an inflammatory component in atherosclero-
sis which involves the dysregulation of cholesterol homeostasis by aberrant interac-
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Figure 40.7. Detection system (ELISA) for oxLDL/β2-GPI complexes. OxLDL/β2-GPI complexes in serum samples
are detected in a sandwich ELISA using WB-CAL-1 (anti–β2-GPI monoclonal antibody) coated plate and labeled
anti-apoB100 as probe antibody.



tions between lipid modulating elements and mediators of inflammation [65].
Although the initiating inflammatory factor(s) remain to be identified, likely candi-
dates include immunological injury, homocysteine or other biochemical/metabolic
factors and possibly certain infectious agents. More recently, it has been proposed
an active participation of antibodies in atherogenesis [66]. These inflammatory and
immunologic mechanisms contrast with the purely degenerative or metabolic origin
of atherosclerosis as previously thought.

oxLDL plays an important pathogenic role in early events leading to atheroscle-
rosis [3, 67], acting as a pro-inflammatory chemotactic agent for macrophages and
T lymphocytes [68], being cytotoxic for endothelial cells, and stimulating the release
of soluble inflammatory molecules. In addition, oxLDL has been found in both
human and rabbit atherosclerotic lesions [55]. Oxidation of LDL may generate
immunogenic epitopes capable of producing autoantibodies. These autoantibodies
have been demonstrated in patients with autoimmune disorders, such as SLE and
APS [13, 69, 70]. Further, β2-GPI has also been localized with oxLDL in human ath-
erosclerotic lesions by immunohistochemical staining [12], finding that suggested a
role of β2-GPI (and antiphospholipid antibodies, i.e., anti–β2-GPI antibodies) in ath-
erosclerosis.

Regulation of Lipid (LDL) Oxidation

Increased lipid peroxidation (oxidative stress) has been demonstrated in patients
with rheumatic diseases and vascular involvement [71], including patients with APS
[72]. The high-density lipoprotein (HDL) associated enzyme paraoxonase 1 (PON)
has antioxidant activity that protects LDL from oxidation [73]. Decreased PON
activity has been shown in patients with high serum levels of aCL antibodies [74].
Furthermore, IgG anti–β2-GPI antibodies have been associated with reduced PON
activity in patients with SLE and primary APS [75]. PON activity is also known to
increase with lipid lowering drugs [76], and in one study, cholesterol lowering
statins prevented the in vitro endothelial cell activation induced by anti–β2-GPI
antibodies [77]. Antioxidant treatment for 4 to 6 weeks has been observed to
decrease the titer of circulating aCL antibodies in patients with SLE and APS [78].
Vascular (endothelial) injury as seen in autoimmune patients may affect PON activ-
ity or any other antioxidant mechanism, triggering the oxidation of LDL.

In addition to PON, other lipid oxidation mechanisms operating in autoimmune
diseases have been investigated. Increased activity of vasoactive isoprostanes (F2α-
III and F2α-VI) has been reported in these patients indicating in vivo oxidative
stress, likely resulting in oxLDL formation [79]. Also, increased hydrolytic activity
of phospholipase A2 and PAF-AH (Lp-PLA2) damaging LDL phospholipids may be
responsible for the generation of pro-inflammatory molecules, possibly perpetuat-
ing a cycle of inflammation and oxidation of LDL [80].

Autoimmunity and Atherogenesis

The premature (or accelerated) development of atherosclerosis has been recently
recognized in patients with systemic autoimmune diseases [81–83]. The traditional
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risk factors for atherosclerosis and treatment for autoimmune disorders (i.e.,
steroids) failed to account for the atherosclerotic changes [84]. Today’s SLE sur-
vival rate (> 80% over a 10-year follow up) may have uncovered hidden causes of
mortality and morbidity. SLE mortality rates due to cardiovascular disease have
surpassed that from SLE disease itself or from complications such as infections in
most studies [85]. In addition, abnormal myocardial perfusion results by Tc99m
emission tomography have been reported in about 43% of asymptomatic SLE
patients, and increased carotid intima medial thickness (IMT) with atherosclerotic
plaques have also been demonstrated by B-mode ultrasound in over 33% of these
patients.

Venous thromboembolic complications are the most common clinical finding in
APS patients [86, 87]. However, about 25% of the APS patients enrolled into a
European cohort of 1000 patients presented an arterial thrombotic event (myocar-
dial infarction, cerebrovascular accident, angina, etc.) as the initial clinical manifes-
tation. If all the initial and late arterial thrombotic events were considered, up to
31% of the patients presented these complications [88]. These observations not only
support the hypothesis of autoimmune mechanism(s) but also suggest a role for
antiphospholipid antibodies in atherosclerosis. Systemic autoimmune diseases may
cause generalized vascular inflammation, decreased antioxidant activity and/or
direct oxidation of LDL, the interaction of oxLDL with β2-GPI, all favoring autoanti-
body production.

APS and Atherosclerosis

Antiphospholipid antibodies (aCL or LA) are a heterogeneous group of autoanti-
bodies characterized by their reactivity to negatively charged phospholipids, phos-
pholipid/protein complexes, and certain proteins presented on suitable surfaces
(i.e., activated cell membranes, oxygenated polystyrene) [11, 89]. Several plasma
proteins that participate in coagulation and interact with phospholipids have been
described as antiphospholipid cofactors, that is, β2-GPI, prothrombin, and annexin
V, etc. β2-GPI has been shown to be a relevant antigenic target for antiphospholipid
antibodies [7, 9–11]. Antiphospholipid antibodies, β2-GPI dependent aCL and anti-
prothrombin, have been associated with several forms of cardiovascular diseases
such as myocardial infarction, stroke, carotid stenosis, etc. [90, 91]. Anti–β2-GPI
antibodies have been reported as more specific for thrombosis and APS than aCL
antibodies [92], and recent prospective studies have shown that aCL antibodies,
particularly β2-GPI dependent, or anti–β2-GPI antibodies are important predictors
for arterial thrombosis (myocardial infarction and stroke) in men [90, 91, 93].

APS is the most common cause of acquired hypercoagulability in the general
population [94, 95]. Elevated serum levels of antiphospholipid antibodies along
with thrombotic events of both the venous and arterial vasculature, or with preg-
nancy morbidity (miscarriages and fetal loss) represent the major features of the
APS. APS may be present in the context of a systemic autoimmune disorder, for
example, SLE, and referred to as secondary APS, or in the absence of an obvious
underlying disease (primary APS) [5]. Antiphospholipid antibodies increase the
risk of thrombosis by at least 2-fold when present in the context of an autoimmune
disease [96]. In both primary and secondary APS, recurrence rates of up to 30% for
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thrombosis with a mortality of up to 10% over a 10-year follow-up period have been
reported [97, 98]. Some aCL obtained from patients with APS cross-reacted with
oxLDL [13], providing initial clues that antiphospholipid antibodies promote ather-
osclerosis. β2-GPI found in atherosclerotic lesions co-localizes with immunoreactive
CD4 lymphocytes [12]. These findings provide additional support to the hypothesis
that β2-GPI and anti–β2-GPI antibodies play a pathogenic role in the development
of thrombosis, particularly arterial thrombosis (atherosclerosis) in SLE and APS
patients.

OxLDL/β2-GPI Complexes in Autoimmune Diseases

Lipid peroxidation resulting in oxLDL is a common occurrence in patients with
some systemic autoimmune diseases [71]. OxLDL, not native LDL, binds β2-GPI in
vitro initially forming dissociable electrostatic complexes followed by more stable
complexes bound by covalent interactions. Circulating oxLDL/β2-GPI complexes
have been detected in patients with autoimmune diseases [Fig. 40.1(C)] [16]. High
serum levels of stable oxLDL/β2-GPI complexes were detected by ELISA in 75% to
80% of patients with SLE and systemic sclerosis (SSc). OxLDL/β2-GPI complex
levels of patients with rheumatoid arthritis (RA) were slightly elevated compared to
healthy controls but this difference did not reach statistical significance [Fig.
40.8(A)]. Unlike RA, both SLE and SSc are characterized by widespread vascular
abnormalities. Serum levels of oxLDL/β2-GPI complexes were also significantly ele-
vated in patients with secondary APS and in SLE patients without APS compared to
healthy controls [Fig. 40.8(B)]. However, these complexes were not associated with
SLE disease activity or any major clinical manifestation of APS [99]. Although it can
be hypothesized that this interaction might be related to chronic inflammation of
the vasculature that occurs in autoimmune patients, the exact mechanism(s) for the
increased oxidation of LDL and oxLDL/β2-GPI complex formation are not fully
understood. It is possible that the interaction between oxLDL and β2-GPI may
promote the clearance of oxLDL from circulation to prevent thrombus formation.
Serum levels of oxLDL/β2-GPI complexes fluctuated widely when measured in
samples obtained at different time intervals over a 12-month follow up from 6 SLE
patients. This suggests that oxidation and formation of complexes are very active
processes under unknown regulatory mechanism(s). Stable oxLDL/β2-GPI com-
plexes may be clinically relevant as they have been implicated as atherogenic
autoantigens, and their presence may represent a risk factor or an indirect but
significant contributor for thrombosis and atherosclerosis in patients with an
autoimmune background [16].

Anti–oxLDL/β2-GPI Antibodies in Autoimmune Diseases

Serum levels of IgG anti–oxLDL/β2-GPI antibodies were measured in the same
group of SLE, SSc, and RA patients. SLE and SSc patients had significantly higher
levels of anti–oxLDL/β2-GPI antibodies compared to the controls [Fig. 40.9(A)]. RA
patients showed higher antibody levels than the controls but this difference was not
statistically significant. When IgG anti–oxLDL/β2-GPI antibodies were evaluated for

512 Hughes Syndrome



Accelerated Atherogenesis and Antiphospholipid Antibodies 513

Figure 40.8. Box plot for serum levels of oxLDL/β2-GPI complexes measured by ELISA (A, top) in systemic
autoimmune diseases (RA = rheumatoid arthritis; SSc = systemic sclerosis; SLE = systemic lupus erythematosus)
and healthy controls; and (B, bottom) in secondary antiphospholipid syndrome (APS) patients classified into
venous thrombosis (venous Tx), arterial thrombosis (arterial Tx), or pregnancy morbidity (preg morb) subgroups.
SLE without APS and healthy individuals served as controls. OxLDL/β2GPI complex levels were expressed in
arbitrary units (U/mL). Boxes represent 75/25 percentiles and horizontal line the median for the group. Dots are
samples reacting outside the 90/10 percentile bars. P values of 0.05 or less were considered as significant
(Mann–Whitney Rank Sum test).

ox
LD

L/
β2

G
P

I c
om

pl
ex

 (
U

/m
l)

0

100

200

300

400

500

controls
n=43

SLE
controls

n=50

2ry APS 
Venous Tx

n=40

2ry APS
Arterial Tx

n=45

2ry APS
preg morb

n=15

p<0.001
B

0

50

100

150

200

250

300

350

controls
n=69

RA
n=79

SSc
n=59

SLE
n=86

p<0.001

p<0.001

NS

A

ox
LD

L/
β2

G
P

I c
om

pl
ex

 (
U

/m
l)



514 Hughes Syndrome

Figure 40.9. Box plot for serum levels of IgG anti–oxLDL/β2-GPI antibodies measured by ELISA (A, top) in sys-
temic autoimmune diseases (RA = rheumatoid arthritis; SSc = systemic sclerosis; SLE = systemic lupus erythe-
matosus) and healthy controls; and (B, bottom) in secondary antiphospholipid syndrome (APS) patients
classified into venous thrombosis (venous Tx), arterial thrombosis (arterial Tx), or pregnancy morbidity (preg
morb) subgroups. SLE without APS and healthy individuals served as controls. IgG anti–oxLDL/β2-GPI antibody
levels were expressed in arbitrary units (U/mL). Boxes represent 75/25 percentiles and horizontal line the
median for the group. Dots are samples reacting outside the 90/10 percentile bars. P values of 0.05 or less were
considered as significant (Mann–Whitney Rank Sum test).

Ig
G

 a
nt

i-o
xL

D
L/

β2
G

P
I (

U
/m

l)

0

50

100

150

200

250

controls
n=-43

SLE
controls

n=32

2ry APS
Venous Tx

n=39

2ry APS
Arterial Tx

n=45

2ry APS
preg morb

n=15

p=0.01

p=0.05 p=0.01B

0

20

40

60

80

100

controls
n=100

RA
n=81

SSc
n=53

SLE
n=80

p<0.001

p<0.001

NS

A

Ig
G

 a
nt

i-o
xL

D
L/

β2
G

P
I (

U
/m

l)



their association with the major clinical manifestations of APS [16, 100], a stronger
correlation with arterial thrombosis compared to venous thrombosis and preg-
nancy morbidity was observed [Fig. 40.9(B)]. Further, the positive predictive value
of IgG anti–oxLDL/β2-GPI antibodies for total thrombosis (arterial and venous) in
patients with secondary APS was 92% and for arterial thrombosis was 88.9%. In
contrast, the positive predictive value for venous thrombosis was not statistically
significant at 77.7% (Table 40.1). In addition, anti–oxLDL/β2-GPI antibodies were
present in 3 of 4 SLE patients with active disease followed over a 12-month period,
while 2 patients with inactive disease and oxLDL/β2-GPI complexes did not have
these antibodies [99].

The co-existence of oxLDL-1/β2-GPI autoantibodies with oxLDL/β2-GPI com-
plexes, suggest that these 2 elements interact perhaps forming circulating immune
complexes (oxLDL/β2-GPI/antibody). Such immune complexes have been recently
detected in patients with SLE and/or APS [16]. These observations along with the
increased in vitro uptake of oxLDL/β2-GPI complexes by macrophage in the pres-
ence of anti–oxLDL/β2-GPI antibodies [14, 17–19] provide an explanation for the
accelerated (premature) development of atherosclerosis in autoimmune patients.
Although preliminary, IgG anti–oxLDL/β2-GPI antibodies represent a distinct
subset of antiphospholipid antibodies (i.e., anti–β2-GPI) that co-exist with other
antiphospholipid antibodies. Thus, IgG anti–oxLDL/β2-GPI antibodies appear to be
useful serologic markers for atherosclerotic risk in autoimmune patients with high
specificity for APS.

Summary and Clinical Relevance

The interaction between oxLDL and β2-GPI to form circulating complexes strongly
suggests that this complex is an atheroantigen. This interaction has been further
characterized and the oxLDL derived ligand (oxLig-1) specific for β2-GPI has been
identified and synthesized. APS patients may produce antibodies to this complex
and the resulting circulating immune complexes trigger atherosclerotic changes.
The physiologic relevance of this finding has been demonstrated in vitro by the
enhanced macrophage uptake of oxLDL/β2-GPI/antibody complexes. The partici-
pation of macrophage Fcγ receptors in the uptake of oxLDL containing complexes
seems to be particularly important in the development of foam cells and atheroscle-
rotic plaques.

Are there other molecules, antigens, antibodies, or other interactions playing a
role in the development of atherosclerosis? It has been reported that β2-GPI may
interact with various negatively charged molecules. Inflammatory reactions may
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Table 40.1. Association of IgG anti–oxLDL/β2-GPI antibodies with clinical manifestations of the antiphospholipid syndrome.

APS manifestation (n) Sensitivity (%) Positive predictive value (%) Chi-square (P)

Total thrombosis (79) 29.1 92.1 0.018
Arterial thrombosis (42) 38.1 88.9 0.004
Venous thrombosis (37) 18.9 77.7 ns
Pregnancy morbidity (14) 0 0 Ns

ns = not statistically significant.



modify certain molecules, making them reactive with β2-GPI. The resulting com-
plexes may exert unwanted effects and even trigger immune responses. For
example, C-reactive protein (CRP), fibrinogen, tumor necrosis factor-α (TNF-α),
heat-shock protein (HSP), homocysteine, etc. are being use to assess the risk for
cardiovascular disease. However, the exact mode of action(s) of these molecules is
not complete understood. It is possible that β2-GPI may participate in additional,
yet unknown, molecular interactions. The product of these interactions may cause
vascular inflammation and/or trigger the production of autoantibodies, including
immune complexes that promote atherosclerosis.

The development of ELISA systems to measure oxLDL/β2-GPI complexes and
anti-oxLDL/β2-GPI antibodies had provided additional tools to further study the
role of the humoral immune response in the atherosclerotic process. Stable and
likely pathogenic oxLDL/β2-GPI complexes were demonstrated in the serum of
SLE, SSc, and APS patients. Anti–oxLDL/β2-GPI antibodies were detected in SLE
and SSc patients, both diseases characterized by generalized vascular complica-
tions. Further, the association of these antibodies with arterial thrombosis was
stronger than venous thrombosis in APS patients. The role of oxLDL/β2-GPI com-
plexes and autoantibodies to these complexes in the vascular complications of SSc
remain to be further studied. At this point, these results should be interpreted in
the context of an autoimmune disease. However, oxLDL/β2-GPI complexes have
been demonstrated in patients with syphilis, infectious endocarditis, diabetes mel-
litus, and chronic nephritis, indicating that oxidation of LDL and the formation of
complexes with β2-GPI is not restricted to SLE. In contrast, none of these patients
developed significant levels of anti–oxLDL/β2-GPI antibodies. These antibodies
seem to be restricted to patients with SLE and APS. Thus, it can be hypothesized
that these antibodies accelerate the development of atherosclerosis in autoim-
mune patients.
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41 Genetics of Antiphospholipid Syndrome
Tatsuya Atsumi and Olga Amengual

Introduction

The phenotypes of autoimmune diseases are related with both genetic and environ-
mental factors. The antigen specificity of antiphospholipid antibodies (aPL) and the
pathophysiology of thrombosis in antiphospholipid syndrome (APS) are highly het-
erogeneous and multifactorial, thus a single scenario cannot explain the mecha-
nisms of thrombophilia or pregnancy morbidity present in affected patients.

A genetic predisposition for developing diseases is supported by various facts,
such as concordance of disease in identical twins and in patients’ relatives,
increased frequency in certain ethnic groups, and elevated frequency of some
genetic polymorphisms including the major histocompatibility complex (MHC)
region. Since the early 1980s, familial occurrence of aPL with or without clinical
manifestations of APS has been reported, and many researchers have investigated
the immunogenetic predisposition to aPL or APS, including the role of HLA region
which is involved in the control of immune recognition and the following response.

It is now widely recognized that the most common autoantigens for aPL are β2-
glycoprotein I (β2-GPI) and prothrombin. In particular, the molecular structure and
properties of β2-GPI have been intensively studied. A number of polymorphisms of
β2-GPI gene have been described, and the biological significance and its relation to
anti–β2-GPI antibodies have been discussed.

Further, thrombotic genetic factors, as additional risks for the onset of throm-
botic events, have been examined in patients with aPL.

In this chapter, we summarize family studies on APS and describe several
disease-susceptible genetic factors that have been evaluated in patients with APS,
including HLA haplotypes, β2-GPI gene, and other genetic variants on disease
development.

Family Studies

The first description regarding familial occurrence of aPL, reported by Exner et al
[1], showed 2 pairs of siblings with lupus anticoagulant (LA). Subsequently,
Matthey et al [2] described primary APS in 4 members of 1 family and Cevallos et al
[3] reported the development of primary APS in 1 woman whose identical twin
sister was an asymptomatic carrier of aPL.
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The first degree relatives of patients with systemic lupus erythematosus (SLE) or
primary APS had a higher incidence of anticardiolipin antibodies (aCL) [4, 5], sug-
gesting that a genetic predisposition may influence the appearance of aPL. Evidence
of familial form of APS could be obtained by the identification of several kindreds
with an increased frequency of aPL and/or clinical manifestations of APS. In 1987,
Mackie et al [6] reported 3 families having more than 1 member with LA and called
familial lupus anticoagulants [6]. Later on, Ford et al reported a large kindred in
which 9 out of 23 members of 4 generations (4 had neurologic symptoms and 5
asymptomatic) were positive for LA [7]. Primary APS, in the absence of SLE, was
also reported to cluster in families and has been described as familial primary
antiphospholipid antibody syndrome [8, 9]. Goel et al [10] studied clinical and labo-
ratory abnormalities in 7 families with more than 1 affected members with segrega-
tion analysis. They proposed a set of criteria for a familial form of APS and
suggested that a susceptibility gene is inherited in an autosomal dominant pattern.

Many family studies have explored familial aPL or APS with a documented HLA
linkage [6, 11–17], suggesting that haplotypes containing either DR4, DR6, or DR7
related phenotype/genotype have some sort of link to aPL production. However,
some affected family members were clinically and serologically normal despite of
sharing the HLA haplotype with aPL positive siblings [13, 14], postulating that HLA
contributions are not the only determinant of aPL production or development of
APS.

HLA Haplotype and aPL

HLA class II (DP, DQ, and DR) loci is located on chromosome 6, being the main
function of this locus to mediate specific T lymphocyte dependent immune
responses. HLA associations with SLE and autoantibodies in SLE have been exten-
sively studied in various ethnic groups.

The HLA associations with aPL are the center of interest due to the clinically rele-
vant prothrombotic effects of these autoantibodies. Asherson et al [18] reported the
increased frequency of DR4 in 13 patients with primary APS in a British population,
data confirmed by Camps et al [19] in a population from the south of Spain and by
Goldstein et al [20] in Canadian patients. HLA DR4 is typically in linkage disequilib-
rium with HLA-DQB1*0302 (DQ8) or DQB1*0301 (DQ7) [21]. Vargas-Alarcon et al
[22] found that HLA DR5 was increased in 17 Mexican patients with primary APS.
However, considering the antigen heterogeneity of aPL, specific autoantibody sub-
group analysis needs to be done.

Studies of HLA alleles in patients with conventional aCL showed increased fre-
quencies of HLA DR4 [23–25] or DR7 [19, 26] in SLE population. DR7 was also
increased in Mexican patients with aCL [27]. After a specific β2-GPI-based ELISA
assay became available, positive correlations were found between anti–β2-GPI anti-
bodies and DQB1*0604/5-DRB1*1302 in African Americans, DR4-DQB1*0302 in
white/Mexican Americans [28], and DRB1*0901 in Japanese [29]. Galeazzi et al [30]
showed increased frequency of DRB1*0402/3 and DQB1*0302 in a large series of
European lupus patients with anti–β2-GPI antibodies. These studies were done in
SLE or mixture population. In patients with primary APS, we [31] showed in a
detailed haplotype analysis that HLA DQB1*0604/5/6/7/9-DQA1*0102-DRB1*1302
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and DQB1*0303-DQA1*0201-DRB1*0701 haplotypes and their components may be
responsible for anti–β2-GPI antibody production in the British Caucasoid popula-
tion.

LA activity is due to a highly heterogeneous population of antibodies and it may
be difficult to confirm HLA linkage to LA. Arnett et al [32] suggested that the risk
factor for aPL was an HLA DQB1 sequence comprising a specific amino acid
sequence (71TRAELDT77) in the third hypervariable region in the DQB1 outer
domain. As this region in the domain is involved in presentation of the antigens to
the T lymphocyte receptor, it may influence the resulting immune response. HLA
DQB1*0301, DQB1*0302, DQB1*0303, and DQB1*06 alleles share the same sequence
in the 71–77 region, as described above, and may be genetic determinants of LA. LA
may include autoantibodies to at least 2 phospholipid bound plasma proteins, β2-
GPI and prothrombin [33]. In their study, Arnett et al [32], however, did not dis-
criminate between β2-GPI dependent LA and prothrombin dependent LA.
DQB1*0301/4 was found to be increased in patients with phosphatidylserine depen-
dent antiprothrombin antibodies (aPS/PT) [34]. The increased frequency of HLA
DQB1*0301/4-DQA1*0301/2-DRB1*04 haplotype in aPS/PT-positive patients makes
this haplotype and its components to be a possible marker for antiprothrombin
antibodies production in APS. We demonstrated that the presence of aPS/PT is
more closely associated with LA than antiprothrombin antibodies detected using
the irradiated plate system [35, 36], and at least the linkage between HLA
DQB1*0301/4-DQA1*0301/2-DRB1*04 haplotype and aPS/PT partly explains the
correlation between LA and DQB1*03 (Fig. 41.1).

Extended Haplotype and aPL

HLA class II gene polymorphisms may correlate with the immune response against
thrombosis related autoantigens. It is also possible that yet to be defined polymor-
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Figure 41.1. Lupus anticoagulant (LA) associated HLA-DQB genes and possible responsible antibodies. β2-GPI =
β2-glycoprotein I.



phisms in linkage disequilibrium with HLA region are responsible for the induction
of autoimmune aPL.

HLA-DP, HLA-DM, C4, and tumor necrosis factor α (TNF-α) regions have
linkage disequilibrium with HLA-DR/DQ haplotype, and their link to aPL/APS have
been investigated. Two studies reported a positive correlation between DPB1* geno-
types and aCL [37, 38]. Recently Sanchez et al [39] presented that DMA*0102 varia-
tion is 1 of the genetic risks for aPL production. The biological significance of those
genotypes is not known, presumably reflecting the linkage disequilibrium with aPL
associated DQ-DR haplotype; that is, DQB1*0303-DRB1*0701 for DMA*0102.

Wilson et al [40] described the association between aCL and C4Q0 allele in
African-American populations, and some years later reported familial aCL with the
C4 deficiency genotype [15]. Genetic C4 deficiency was associated with the develop-
ment of autoantibodies and immune complex diseases because the classical
pathway of complement activation plays a major role for removal of circulating
immune complex. However, serum C4 levels do not relate with C4 null allele, and a
further study did not confirm the correlation of C4a allele to aCL [41].

We focused on the TNF-α loci in MHC class III region [42]. TNF-α is a pro-
inflammatory cytokine and may play a role to develop thrombosis by stimulating
procoagulant cells. Plasma levels of TNF-α were higher in patients with APS com-
pared with non-APS subjects. TNFA-238*A polymorphism in TNF-α promoter
region was correlated with APS, but we failed to demonstrate an association of this
genotype and plasma TNF-α level, suggesting that the polymorphism is not respon-
sible for the level of TNF-α production. The TNFA-238*A has, again, linkage to
DQB1*0303-DRB1*0701.

Genetics of β2-GPI

Single Nucleotide Polymorphisms (SNPs) of β2-GPI Gene

Amongst aPL, β2-GPI, which bears the epitope(s) for aCL binding, has been widely
studied. These epitopes are exposed when β2-GPI binds to negatively charged phos-
pholipids such as cardiolipin, or oxidized plastic plates [33], behaving thus as a co-
factor for aCL binding. Several studies have highlighted the significance of
anti–β2-GPI antibodies as an alternative ELISA with higher specificity than the con-
ventional aCL ELISA [43].

β2-GPI, which binds to negatively charged phospholipids, interacts with phos-
pholipid associated coagulation reactions. The human β2-GPI gene is localized on
chromosome 17q23-qter [44], and the genetic construction of β2-GPI was reported
[45]. When the molecular basis of β2-GPI polymorphisms was defined, 4 major
polymorphisms (Ser/Asn88, Leu/Val247, Cys/Gly306, and Trp/Ser316) became evident
[46–48].

The significance of antigen polymorphisms in the production of autoantibodies
or in the development of autoimmune diseases is being discussed. Amino acid dif-
ferences can lead to differences in antigenic epitopes of a given protein. In particu-
lar, β2-GPI undergoes conformational alteration upon interaction with
phospholipids [49]. Amino acid differences of β2-GPI can affect the nature of con-
formational alterations induced by interaction with phospholipids. Therefore, poly-
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morphism on or near the phospholipid binding site of the antigenic site can affect
aCL (anti–β2-GPI antibodies) production and the development of APS. β2-GPI
Ser/Asn88, Leu/Val247, Cys/Gly306, and Trp/Ser316 polymorphisms correspond to sites
on Exon 3, 7, 7, and 8 of the β2-GPI gene, respectively. Cys/Gly306 and Trp/Ser316

polymorphisms may affect the structure of phospholipid binding site of domain 5 of
β2-GPI, thus Gly306 or Ser316 β2-GPI has low phospholipid binding ability compared
with wild-type β2-GPI [50].

Among these polymorphisms, β2-GPI Leu/Val247 polymorphism locates in
domain 5 of β2-GPI, between the phospholipid binding sites [51] and the potential
site of the epitopes for anti–β2-GPI antibodies [52, 53]. Therefore, the position 247
polymorphism, or polymorphisms in linkage equilibrium, can affect the conforma-
tional change of β2-GPI and the exposure of the epitopes for aCL (anti–β2-GPI anti-
bodies).

Our team analyzed the genetic polymorphism of β2-GPI in a British cohort of
well-defined APS patients (88 Caucasoid patients with APS; 57 with primary APS
and 31 with APS secondary to SLE) and reported that the allele containing Val247

was significantly more frequent in primary APS patients with anti–β2-GPI antibod-
ies than in healthy controls or in primary APS patients without anti–β2-GPI anti-
bodies [54]. Val247 of β2-GPI may be important for β2-GPI antigenicity. Hirose et al
[55] also reported the predominance of Val247 in patients with APS (including lupus
patients) in Asian populations. Leucin was dominant in the Japanese or African-
American normal populations in contrast with predominance of valine in
Caucasians. Despite the lacking of epidemiological evidence, the prevalence of APS
between races is varied, that is, APS is more common in Caucasians than in African
Americans or in Asians. Considering the association between Val247 and anti–β2-GPI
antibody production, the high frequency of Val247 in Caucasians may explain the
higher prevalence of APS in this population. Positive correlation between Val247

allele and presence of anti–β2-GPI antibodies was also reported in Mexican patients
[56] and in Japanese population [57]. However, this correlation was not found in
other American populations [55] or in patients with thrombosis or pregnancy com-
plications in United Kingdom [58]. This discrepancy may be the result of the differ-
ence of the Val247 allele frequency among races, or the difference in the background
of investigated patients.

Recently we found that autoimmune anti–β2-GPI antibodies showed stronger
binding to Val247–β2-GPI than that to Leu247–β2-GPI [57]. Conformational optimiza-
tion displayed that the replacement of Leu247 to Val247 lead to a significant alteration
in the tertial structure of domain V and/or domain IV–V interaction.

No correlations were reported between other polymorphisms of β2-GPI and
aPL/APS [48, 54].

Genetics of β2-GPI Deficiency

In European populations, the prevalence of low plasma β2-GPI levels was reported
to be 6.8% to 12.5% [59], but a correlation between low β2-GPI plasma levels and
thrombophilia was not found.

We examined serum β2-GPI levels in disease-free Japanese populations [60]. We
found a wide range in β2-GPI concentration and identified 2 siblings with a com-
plete β2-GPI deficiency, 1 apparently healthy 36-year-old woman, and her brother.
Analysis of their β2-GPI genes revealed that a thymine corresponding to position
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379 of the β2-GPI cDNA was deleted (β2-GPI Sapporo), hence, a frame shift would
occur thus making the gene code for an amino acid sequence unrelated to β2-GPI
beyond this position (Fig. 41.2).

The siblings of homozygous β2-GPI Sapporo subjects had no thrombotic
episodes. In those individuals, elevated thrombin generation, enhancement of acti-
vated protein C response, or the fibrinolytic system were nil [61]. Thus, congenital
β2-GPI deficiency may not be a clinical risk for thrombosis, and apparently is not
associated with increased/decreased thrombin formation (i.e., “subclinical” throm-
botic/bleeding tendency) both in vivo and in vitro. Therefore, congenital β2-GPI
deficiency is not a risk factor for thrombosis or for bleeding tendencies.

In contrast, there was a case report of both Gly306 and Ser316 β2-GPI mutation
carrier, low phospholipid binding variant of β2-GPI as described above, who had
recurrence of deep vein thrombosis and stroke until the age of 35 [62]. β2-GPI
knockout mice showed decreased in vitro ability for thrombin generation [63].
Furthermore, although mice lacking β2-GPI are fertile, the success of early preg-
nancy is moderately compromised, suggesting that β2-GPI is necessary for optimal
implantation and placental morphogenesis.

Genetics of β2-GPI are summarized in Table 41.1.

Other Genetic Risk Factors for APS

Some patients with APS have artery related disorders, while others venous throm-
bosis only. Even some individuals with aPL do not have symptoms of APS. Such
clinical heterogeneity of APS means that there are some additional risks to develop-
ing clinical manifestations of APS.
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A number of genetic variants have been analyzed as risk factors for the develop-
ment of APS. In particular, polymorphisms in genes involved in thrombus forma-
tion have been explored. Factor V Leiden is the most common thrombophilia in
Caucasoid populations. However, the presence of factor V Leiden did not alter the
clinical features of APS [64–68]. Prothrombin promotor G20210A, another common
genetic risk for venous thrombosis, was found to be rare in patients with APS,
implying that this genetic variant did not affect venous thrombosis in patients with
aPL [68–71].

Impaired fibrinolytical outcomes may be 1 of the pathogenic factors for throm-
botic events in patients with aPL. We studied the consequences of the well-known
gene polymorphisms of tissue plasminogen activator (tPA) and plasminogen acti-
vator inhibitor-1 (PAI-1) in patients positive for aPL [72]. Alu-repeat insertion
(I)/deletion (D) polymorphism of the tPA gene and 4G/5G polymorphism in the
PAI-1 promoter gene were examined but there was no significant correlation
between these gene polymorphisms and clinical symptoms of APS in patients
with aPL. However, the presence of the 4G allele of the 4G/5G polymorphism of
the PAI-1 gene was reported to be an additional risk factor for the development 
of arterial thrombosis in APS in a Spanish population [73]. An angiotensin con-
verting enzyme gene polymorphism [74] or factor XIII Val34Leu polymorphism
[75] were also explored in APS but those genotypes did not seem to have a role in
APS.

The polymorphism of Fcγ receptor, FcγRIIA H/R131, is associated with the
binding affinity for human IgG2 (i.e., FcgRIIA-H131 isoform has a higher affinity
than FcgRIIA-R131). Because anti–β2-GPI antibodies show IgG2 dominant distribu-
tion [76], we studied the prevalence of receptor isoforms in patients with aPL. We
could not demonstrate a significant correlation between this polymorphism and any
feature of APS [77], but meta-analysis suggested a possible link of R/R genotype to
APS, mainly driven by secondary APS [78]. Despite the numerous studies on the
immunogenetic predispostion on APS or aPL, the available data suggested that
there are not apparent genetic risk factors for developing thrombosis in patients
with aPL.
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Table 41.1. Genetics of β2-glycoprotein I.

Gene Domain Biological significance Consequence Reference

Ser/Asn88 II Unknown Unknown 46, 47

Leu/Val247 V Alteration in the tertial (1) Correlation with high 46, 47
structure domain V and/or p revalence of anti–β2-GPI 54–58
domain IV–V interaction antibodies

(2) Anti–β2-GPI autoantibody 
high binding

Cys/Gly306 V Gly306: low phospholipid Gly306: low β2-GPI property ? 47, 48
binding

Trp/Ser316 V Ser316: low phospholipid Ser316: lowβ2-GPI property ? 47, 48
binding

Thymine(379) II Cys105 frame shift ? β2-GPI deficiency 60, 61
deletion



Conclusion

Genetic factors related to aPL and APS have been widely investigated. Many candi-
date genes, including HLA class II haplotype, have been presented to predispose
aPL or APS. However, it is difficult to determine genetic risk factors related to aPL
development and clinical manifestations of APS in these patients as there is a high
heterogeneity in antigen specificity and in the pathophysiology of thrombosis.
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Antiphospholipid Antibodies
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Introduction

Antiphospholipid antibodies (aPL) have been subject of great interest for the past
90 years, first because they were found to be serological markers for syphilis, and
later because of their association with clinical complications. A major sub-set of
aPL are associated with infections. especially syphilis [1], and another sub-set of
aPL are associated with an autoimmune disorder characterized by recurrent throm-
bosis, fetal death, and thrombocytopenia, called antiphospholipid syndrome (APS)
[2, 3]. Neither the relationship between these 2 sub-groups, nor the cause and mech-
anism of production of aPL in these conditions are clearly understood.

Historical Background

Serological Test for Syphilis (STS)

aPL were detected for the first time in sera from patients with syphilis. Wassermann et
al [1] in 1906 used saline extract of liver and spleen of fetus with congenital syphilis as
an antigen in a complement fixation test and demonstrated positive reaction with
syphilitic sera. The antibody was called Wassermann reagin and the test was intro-
duced as a serological test for syphilis (STS). Although these investigators first
believed that in this test, sera reacted with specific antigens derived from Treponema
pallidum, within a year it was shown that extract of normal human or animal tissues
reacted similarly with syphilitic sera [4]. The antigenic component of this test was
isolated and identified from bovine heart extracts as cardiolipin by Pangborn [5] in
1941. Later, a flocculation test using suspension of liposomes containing cardiolipin,
lecithin, and cholesterol was adopted as a serodiagnostic test for syphilis referred to as
the VDRL (Venereal Disease Research Laboratory) test [6].

False Positive STS Using The Complement Fixation Test for Syphilis and VDRL

The presence of aPL detected as Wassermann reagin in conditions other than
syphilis was reported as early as 1907 [4]. Detection of Wassermann reagin in the
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serum of a person who did not have syphilis was called “biological false-positive
serological test for syphilis” (BFP-STS) and in a retrospective study of false positive
reactors, Moore and Mohr identified 2 distinct groups of patients with acute and
chronic reactions [7]. Acute reactions are transient and are seen during non-
syphilis infections such as viral pneumonia, viral hepatitis, measles, varicella, and
scarlet fever [8]. Vaccination against smallpox may also cause BFP-STS [9]. The
chronic BFP-STS reactors whose BFP test persisted for a period of 6 months or more
had a high prevalence of autoimmune disorders such as systemic lupus erythemato-
sus (SLE), Sjögren syndrome, autoimmune hemolytic anemia, Hashimoto’s thy-
roiditis, and rheumatoid arthritis [7, 9–11]. In 1957, Laurell and Nilsson found that
the so-called lupus coagulation inhibitor or “lupus anticoagulant” (LA) was fre-
quently associated with BFP-STS [12] and Lee and Saunders [13] showed that these
were aPL, and this observation was confirmed by later studies using monoclonal
antibodies [14]. In clinical studies, Bowie et al reported that the LA was associated
paradoxically with thrombotic episodes [15].

2.3. Solid Phase Immunoassays for Anticardiolipin Antibodies

In 1983, Harris, Gharavi, and Hughes designed a radioimmunoassay using cardiolipin
as antigen [16] to detect antibodies to cardiolipin in SLE patients with a positive LA
test. LA tests detect the ability of aPL to prolong phospholipid dependent clotting reac-
tions (such as the activated partial thromboplastin time) in vitro. This assay that was
later converted to an enzyme-linked immunoassay (ELISA) [17], was subsequently
standardized in several international workshops [18] and gave a new dimension to the
field of aPL. The anticardiolipin (aCL) ELISA was first thought to be just a more sensi-
tive test for detecting aPL than STS. However, it was recognized soon that the 2 tests
detected somewhat different antibody populations and not all sera with positive STS
were always positive in solid phase assay for cardiolipin [19]. In fact, the aCL ELISA
did not help diagnosing more patients with syphilis, but it resulted in the recognition
of a new syndrome characterized by thrombosis, recurrent abortion, and thrombocy-
topenia associated with aPL, the Antiphospholipid Syndrome (APS) [20]. The aCL
ELISA is now commonly used to detect autoimmune aCL present in APS.

This assay also detected aPL in patients with other infections [21], such as Lyme
disease [22], mycoplasma [23], tuberculosis [24], leprosy [25], legionnaires disease
[26], Q fever [27], Mediterranean spotted fever [28], etc. Furthermore, aPL in viral
infections have also been reported. These include cytomegalovirus [29], Varicella
Zoster virus [30], human immune-deficiency virus (HIV) [31], and hepatitis C [32].
Furthermore, transient LA activity has been reported in patients with Epstein–Barr
virus infections [33].

Infection-induced aPL

Differentiation of Autoimmune and Infectious-induced aPL: 
β2-glycoprotein I

The association of the aPL detected by solid phase assays with serious clinical com-
plications such as venous and arterial thrombosis, recurrent spontaneous abortion,
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stroke, and myocardial infarction [20] underlined the importance of differentiating
the infection-induced aPL that seemed not to be associated with these clinical com-
plications, from aPL associated with autoimmune conditions that are closely associ-
ated with these life-threatening complications [34]. Several groups studied these 2
types of aPL with respect to the differences in binding to CL and other individual PL
[35] or phospholipid mixtures [36], the differences in IgG sub-classes, in light chain
distribution and in their affinity [37]. However, most of these findings remained
controversial among different investigators [38].

The important observation that the autoimmune aPL required a lipid binding
normal plasma protein which is an inhibitor of coagulation: β2-glycoprotein I (β2-
GPI) by 3 groups simultaneously in 1990 [39–41] shed a new light on this issue.
Matsuura et al reported that binding of aPL in sera from autoimmune diseases
(SLE) to CL-coated plates is enhanced by β2-GPI and called these autoimmune aPL
β2-GPI dependent aPL [39]. In contrast, the binding of aPL from syphilis sera (infec-
tion) is inhibited by β2-GPI, and these infection-associated aPL were called β2-GPI-
independent aPL. It is generally believed that β2-GPI-dependent antibodies are
associated with clinical features of APS, such as thrombosis and pregnancy losses,
and the β2-GPI-independent aPL are not. Other investigators confirmed these
findings. We purified IgG and IgM aPL from sera of patients with syphilis, HIV
infection, SLE, and chlorpromazine-induced aPL and demonstrated that the
binding of autoimmune and drug-induced aPL was enhanced by β2-GPI, but the
binding of syphilis- and HIV-induced aPL was significantly inhibited by β2-GPI
[42]. Hunt et al used purified IgG, IgA, and IgM aPL from patients with infectious or
autoimmune diseases and had similar findings [43]. In an elegant study, Celli et al
studied the interaction of aPL from 2 different populations (autoimmune and infec-
tious) with CL arranged in a defined bilayer. In this system, β2-GPI increased, the
binding of autoimmune aPL to CL and induced the leakage of the fluorescent probe,
carboxyfluorescein (CF), entrapped in the vesicles. In contrast, β2-GPI inhibited the
binding of syphilitic aPL to CL-containing vesicles [44]. The authors concluded that
CL β2-GPI complex is the most likely epitope for autoimmune aPL, and in syphilis
β2-GPI is not likely to be part of the epitope.

Some studies have shown that syphilis and autoimmune aPL differ not only in
specificity or β2-GPI requirement, but also in functional effects. Campbell et al
studied the effects of affinity purified aCL antibodies from APS patients and syphilis
on platelet activation and aggregation [45]. These investigators showed that in the
presence of low concentrations of platelet activators (thrombin, ADP, or collagen),
all APS samples (n = 6), but none of the syphilis (n = 5) samples induced platelet
aggregation and activation [45]. In another study, affinity purified aPL from APS
patients and not from syphilis were shown to inhibit the conversion of prothrombin
into thrombin (prothrombinase reaction) when liposomes composed of phos-
phatidylserine and phosphatidylcholine were used to support the enzymatic reac-
tion [46].

Several investigators have reported that autoimmune aPL may bind to β2-GPI
coated on irradiated, high-binding, or oxidized polystyrene plates [47, 48], and the
anti–β2-GPI antibodies that are detected by this method in the sera of APS and SLE
patients would represent only the autoimmune (“pathogenic”) aPL [49, 50]. In a
study, Forastiero et al showed that 29 out of 35 APS samples, and only 1 out of 37
syphilis sera (that were aCL positive), bound to β2-GPI coated on irradiated ELISA
plates, concluding that performing both ELISA (aCL and anti–β2-GPI) makes possi-



ble to distinguish between APS and syphilitic sera [51]. In another study, Leroy et al
examined the prevalence of aPL, anti–β2-GPI and anti-prothrombin antibodies in
chronic hepatitis C patients. Twenty-four percent of the patients had low to moder-
ate levels of aCL, compared with 3.5% in the control population. In contrast the
prevalence of anti–β2-GPI and anti-prothrombin antibodies was not different from
the control [52]. The presence of aCL in hepatitis C patients did not correlate with
thrombosis or pregnancy losses, indicating that in the absence of associated
anti–β2-GPI antibodies, aPL is not associated with the clinical complications of APS
[52].

In a study involving 58 HIV positive patients, Constans et al showed that 3% to
4% of the patients were anti–β2-GPI positive, whereas the frequency of aCL was 41%
[53]. 

β2-GPI-dependent aPL and anti–β2-GPI Antibodies Associated with
Infections

Recently the widely believed dogma that the infection-associated aPL are β2-GPI-
independent, do not bind β2-GPI in the absence of phospholipids and are not asso-
ciated with the clinical manifestations of APS (i.e., thrombosis and/or pregnancy
losses) has been challenged by several reports. In one study, aCL antibody present
in leprosy patients were shown to be heterogeneous with respect to their β2-GPI
requirement: in 10 of 31 leprosy sera, the aCL were β2-GPI dependent and 16 of 31
did not require B2-GPI for binding to aCL [54]. These observations were confirmed
by other investigators who indicated that that these β2-GPI-dependent aPL were
associated with thrombosis. In addition anti–β2-GPI without aPL were detected in
patients with human T lymphotropic virus-1 (HTLV-1) infections associated with
tropical spastic paraparesis (TSP)[55]. TSP, which is also called Jamaican neuropa-
thy, is believed to be an autoimmune condition that complicates the HTLV-1 infec-
tion only in a small proportion of patients. In another study, parvovirus B19
associated with aCL were shown to be β2-GPI-dependent and behaved in a similar
fashion as the autoimmune aPL [56]. Furthermore, some cases of viral hepatitis C
associated aPL have been reported to be complicated with thrombosis [57]. Other
investigators have shown association of HCV with multiple autoimmune manifesta-
tions [58]. The immune response to HCV infection encompasses the development
of autoantibodies, immune complex formation and deposition, and cryoglobuline-
mia complicated with vasculitis, glomerulonephritis, or neuropathy [58].

There are also several reports of LA and aPL of the “autoimmune” type associ-
ated with thrombosis in patients with Epstein–Barr virus [33], leprosy [25, 54]
cytomegalovirus (CMV) [29], and HIV infection [31], hepatitis C [32], and aden-
ovirus [59]. We have recently reported a young woman with an acute CMV infection
who developed APS manifested by a common iliac vein thrombosis [60]. IgM aCL
appeared with the onset of the infection, followed later by IgG aCL. Five months
later, both IgM and IgG aCL levels disappeared from the serum. This was the second
case of APS associated with CMV infection in the literature that we are aware of.

In 1992, Gharavi and colleagues for the first time induced high levels of aPL in
rabbits and mice following immunization with heterologous (human purified) β2-
GPI [61]. These aPL were pathogenic [62, 63] and the model was easily reproduced
by other investigators [64]. β2-GPI immunized PL/J mice developed high levels of
aPL and had significantly lower litter sizes compared with the ovalbumin or non-
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immunized groups; in addition, 3 of the 4 mice subsequently developed paraparesis
and trophic changes in the tail and hind limbs resembling transverse myelopathy 8
months after the induction of APS [65, 66]. Thus, an APS-like syndrome could be
induced in autoimmune “prone” mice. We hypothesize then that in susceptible
humans, exposure to viral or bacterial agents with β2-GPI-like epitopes could lead
to autoimmunity to self β2-GPI, and thus the genesis of APS, through the mecha-
nism of molecular mimicry.

It is also possible then that certain infections may induce aPL of the “autoim-
mune” type that are not transient. Hence, we hypothesized that in these patients,
aPL production may be induced by binding of β2GPI-like foreign PL binding pro-
teins (such as viral/bacterial proteins) to self PL, thus forming immunogenic com-
plexes against which aPL are produced. The sequence similarity (molecular
mimicry) of these proteins to the region (s) of β2-GPI may break tolerance to self
β2-GPI and induce anti–β2-GPI/PL antibody production. To test this hypothesis, we
first investigated whether the PL binding region of β2-GPI alone, without the
remaining of the β2-GPI molecule, can induce pathogenic aPL production. A 15
amino acid peptide spanning the Gly274-Cyc288 in the fifth domain of β2-GPI, which
was shown to be a major PL binding site of β2-GPI [67], which we called GDKV, was
synthesized. Binding of these peptides to CL-coated plates by ELISA confirmed its
PL binding property [68]. A monoclonal antibody with aPL and anti–β2-GPI activity
was generated by fusing spleen cells from GDKV immunized mice with myeloma
cell lines. We confirmed the pathogenicity of the GDKV-induced monoclonal aPL
[69] using in vivo models for thrombus enhancement and microcirculation.

Do Infections Induce Autoimmune aPL? Viral Peptide–induced aPL

The next question was whether proteins other than β2-GPI, that contain GDKV-like
regions, can induce pathogenic aPL and anti–β2-GPI production. From the Genbank
database, several proteins were identified that have sequence similarity to GDKV.
These proteins, much like GDKV, contain series of lysines (with positive charge)
flanked at least in 1 side by hydrophobic residues. They should therefore have the
potential to bind anionic PL and be suitable candidates for inducing aPL by immu-
nization. Four of these peptides were synthesized (QBC Hopkins, MA): TADL
(dnb2_ade02), TIFI (from ulbo_hcmva), VITT (us27_hcmva), and SGDF
(tlpa_bacsu) that shared structural similarity with the PL binding region of β2-GPI
(GDKV). These peptides are of additional interest because they are part of human
viruses (e.g., adenoviruses or CMV) to which human subjects are commonly
exposed. These peptides all showed greater degrees of binding to PL compared to
GDKV. Subsequently, groups of PL-J mice immunized with these peptides (conju-
gated to BSA in Freund’s adjuvant) produced high levels of aPL and anti–β2-GPI
antibodies [70]. These findings suggest that incidental immunization during a sub-
clinical infection with these viral and bacterial proteins may trigger aPL antibody
production.

Induction of “Pathogenic” aPL with Viral and Bacterial Peptides

To determine whether aPL induced by immunization with viral peptides are patho-
genic in vivo, we produced monoclonal antibodies from spleen cells of mice immu-
nized with TIFI, the 19 amino acid CMV derived peptide. Ten monoclonal aPL were
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tested for finding to different PL by ELISA and for LA activity by the modified
kaolin clotting test (KCT). Binding of the monoclonal antibodies to CL was inhib-
ited by CL micelles and this inhibition was further enhanced when β2-GPI was
added to the CL micelles. Five of 10 monoclonal aPL had LA activity. Pathogenic
effects of aPL induced by the CMV peptide were evaluated in vitro by incubating
these monoclonal aPL with confluent monolayers of human umbilical vein endothe-
lial cells (HUVECs) and measuring the expression of adhesion molecules ICAM-1,
VCAM-1, and E-selectin by ELISA. All 10 monoclonal antibodies upregulated the
expression of adhesion molecules by HUVECs [71]. The pathogenic effects of these
monoclonal aPL were further evaluated using our in vivo mouse models of throm-
bus formation and microcirculation. Two groups of CD-1 male normal mice were
injected each with 1 of the 2 monoclonal IgM aPL. The third group was injected
with irrelevant control murine monoclonal IgM. The vein was pinched with stan-
dard pressure used to introduce an injury and to induce clot formation. Clot forma-
tion and dissolution in the transilluminated vein were visualized and recorded with
a microscope equipped with a closed-circuit video system. Thrombus size (in
square micrometers) at maximum was measured by digitizing the image and
tracing its outer margin; the times (in minutes) of formation (from appearance to
maximum size) and disappearance (from maximum size to disappearance) of the
thrombus were also measured as described. Activation of endothelial cells was
assessed by direct visualization and quantitation of adhering, “sticking” white blood
cells (WBC) to endothelial cells in the microcirculation of the exposed cremaster
muscle in mice [71]. The surgical procedure was performed 72 hours after the first
injection with antibody preparation or with Ig control. Mice injected with mono-
clonal aPL had significantly larger clots that persisted longer when compared to
controls. The adhesion of leukocytes to endothelial cells was significantly increased
in mice injected with TIFI-induced monoclonal IgM aPL D2/AC10 or F3AA4, com-
pared with controls [71].

The effects of TIFI-induced IgM aPL on pregnancy outcome was recently evalu-
ated by injecting BALB/c mice on days 4, 8, and 12 of pregnancy with 50 µg of either
IGM aPL or normal mouse immunoglobulin. The number of viable pups in aPL-
treated groups was almost 50% of than in the control group [72].

These studies demonstrate that pathogenic aPL with properties similar to those
found in APS patients can be induced by immunization with molecular structures
similar to the PL binding site of β2-GPI (GDKV), such as PL binding–CMV peptide
TIFI. Because human subjects are commonly exposed to these viral products, mole-
cular mimicry may break tolerance to itself and induce aPL and anti–β2-GPI pro-
duction in patients with APS.

Our findings were confirmed recently by Blank and Shoenfeld [73]. Those investi-
gators employed a peptide phage display library to identify 3 hexapeptides that
specifically reacted with monoclonal anti–β2-GPI and inhibited the biological func-
tions of the corresponding anti–β2-GPI antibodies such as induction of APS in vivo
and endothelial cell activation in vitro [73]. Using the Swiss protein database, the
authors found a high homology between the hexapeptides with some bacteria and
viruses. Naive mice were immunized with a panel of pathogen particles sharing the
appropriate homology with the peptides. All the mice developed aPL. Affinity
purified IgG anti-hexapeptide antibodies were isolated and infused IV in BALB/c
mice and development of clinical manifestations of APS was then studied. Only
mice infused with antibodies derived from mice immunized with Haemophilus
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influenzae or Neisseria gonorrhoeae directed to the hexapeptide TLRVYK had clini-
cal manifestations resembling the experimental APS [73]. 

The data presented in previous paragraphs suggest that pathogenic aPL and
anti–β2-GPI can be generated with peptides of bacterial and viral origin that mimic
various regions of β2-GPI. These data strongly suggest molecular mimicry between
bacterial/viral antigens and self proteins in APS.

In APS, there is evidence that additional PL binding proteins other than β2-GPI
are also involved in some APS subjects. In APS, future challenges include the possi-
ble extension of the experimental model to include other PL binding proteins.
Knowledge of the causative autoantigens in APS will likely facilitate efforts to down-
regulate aPL production as a method of treating APS.

Effects of Bacterial and Viral Peptides on aPL Mediated Thrombosis In Vivo

In one recent study, we examined the ability of the synthetic peptide (named
peptide A, NTLKTPRVGGC) that shares similarity with common bacterial antigens,
to reverse aPL mediated thrombosis in mice in vivo. Peptide A is also found in
region I/II of β2-GPI. A scrambled form of peptide A (named scA, GTKGCPNVRLT)
was used as a control. Sera from 29 patients with APS bound to peptide A but not to
peptide scA by ELISA in a dose-dependent fashion. Mice treated with aPL and
infused with peptide scA produced significantly larger thrombi when compared to
mice treated with control IgG (IgG-NHS) and peptide scA (2466 ± 462-µm2 vs. 772.5
± 626.4 µm2). Treatment of mice with peptide A significantly decreased thrombus
size in mice injected with aPL (1063 ± 890 µm2 vs. 2466 ± 462 µm2) [74].

Similarly, in another recent study we examined the ability of TIFI to affect aPL
mediated thrombosis in mice. Sera from 54 patients with APS bound significantly to
TIFI by ELISA [mean OD = 0.429 ± 0.078 vs. 25 control sera (mean OD = 0.228 ±
0.079)]. Cardiolipin liposomes containing TIFI inhibited completely the binding of
11 sera from APS patients to CL. Competitive studies showed that TIFI competes
with β2-GPI. Mice treated with aPL and infused with saline produced significantly
larger thrombi when compared to mice treated with IgG-NHS and saline (1442 ±
162 µm2 vs. 140 ± 26 µm2). Treatment with TIFI significantly decreased thrombus
size in mice injected with aPL (312 ± 90 µm2 vs. 1442 ±162 µm2). The data indicate
that peptide A (from bacterial origin) and TIFI (from viral origin) inhibit thrombo-
genic properties of aPL in mice and this may happen by competition with β2-GPI,
hence hampering the pathogenic effects of aPL.

Altogether these findings may have important implications in designing new
modalities of prevention and/or treatment of thrombosis in APS.

Drug-induced aPL

Several drugs can result in the production of aPL. These include procainamide, phe-
nothiazines, quinine, and oral contraceptives. These compounds have been also
shown to be responsible for the drug-induced lupus syndrome. Pathogenicity of
drug-induced aPL is variable and is closely related to the specific drug involved. In
general, phenothiazine-induced aPL are considered fairly benign [75], while pro-
cainamide and other drug-induced aPL are associated with thrombosis [76].

538 Hughes Syndrome



Chlorpromazine (CPZ) is by far the most common medication associated with
drug-induced aPL. A review of over 650 LA-positive patients in 25 separate studies
revealed 78 patients to have drug-induced antibodies; most were attributed to phe-
nothiazines (n = 69) or procainamide (n = 5), but 4 patients had aPL-induced
hydralazine (n = 3) and phenytoin (n = 1) [77]. Finally, drugs implicated in the
series of 34 drug-induced LA from Triplett et al include quinidine (n = 7) and
phenytoin (n = 4), in addition to a single case each of valproic acid, amoxicillin,
hydralazine, and propranolol [76]. In this study, CPZ and procainamide accounted
for a large proportion of positive tests. Procainamide accounted for 15 cases and
CPZ only 4 cases. Complications such as thrombosis, abortion, and cerebrovascular
accidents occurred in 10 of the 34 patients.

Susceptibility to induction of drug-induced aPL may depend on various factors:
(1) acetylator status – slow acetylators develop antibodies earlier than fast acetyla-
tors; (2) HLA DR status – a high incidence of HLD DR4 has been found in
hydralazine-assocaited SLE; and (3) the existence of null alleles at the C4A and CB4
loci (ir 4) inhibition of binding of C4 to activated C1S [78, 79].

The administration of procainamide for long periods of time (more than 2
months) results in the appearance of antinuclear antibodies (ANA) in 50% to 74%
of asymptomatic patients [80, 81]. The presence of drug-induced aPL in the form of
LA may be demonstrated in patients that have developed drug-induced lupus, and
also as an isolated abnormality in the absence of features of procainamide-induced
lupus or uncommonly associated with thrombotic events. In a study by Day et al,
the authors found an incidence of 10% to 15% of LA among their 190 patients
taking procanaimide [82]. Asherson et al, Li et al, and Schlesinger and Peterson
reported several patients with thrombotic events associated with procainamide
[83–85].

In one study Zarrabi et al found that 85% of their patients who had taken CPZ for
more than 2–5 years had LA [86]. Subsequently Gharavi et al found that all LA-posi-
tive patients from the previous study had IgM aCL by ELISA [87]. However, none of
these patients had experienced thrombotic events. Berglund et al reported that a
69-year-old woman taking CPZ suffered a kidney infarct shortly thereafter she
developed BFP-STS [88]. Similarly, Mueh et al included 2 patients in their series
who appeared to have aPL-related thrombosis [89]. Canoso et al studied 108 psychi-
atric patients receiving CPZ treatment for more than a year and only 3 of them
experienced episodes of venous thrombosis [75].

One report has shown that development of lupus-like syndrome and high IgG
and medium IgM aCL in a 30-year-old woman that was being treated with quinine
for malaria [90]. Once quinine was withdrawn, there was a prompt release of the
symptoms and the laboratory tests returned to normal shortly thereafter.

Therapy for drug-induced aPL requires prompt discontinuation of the offending
drug. Duration of the therapy need not be for life, given that the antibody generally
disappears over time.

Conclusions

Our observations, and those from others, give further support to our hypothesis
that “autoimmune aPL” may be generated by immunization with products from

Infection and Drug-Induced Antiphospholipid Antibodies 539



bacteria or viruses after incidental exposure or infection. We also were able to gen-
erate APS-like syndrome in a strain of mice susceptible to autoimmunity, indicating
that other factors are likely to be involved, such as genetic predisposition.
Furthermore, not all aPL generated were pathogenic. Based on the clinical experi-
ence and on the numerous reports indicating presence of aPL in large number of
infectious diseases, it may be expected that not all aPL produced during infection
will be pathogenic. A limited number aPL induced by certain viral/bacterial prod-
ucts would be pathogenic in certain genetically predisposed individuals. Further
studies to identify the agents responsible for induction the pathogenic aPL are
needed. Identification of those bacterial and/or viral agents may help finding strate-
gies for the prevention of production of aPL “pathogenic” antibodies. Alternatively,
free peptides may be used to induce tolerance against aPL production or to abrogate
their pathogenic effects.

Drugs such as procainamide and phenothiazines can also induce aPL. The preva-
lence and pathogenicity of drug-induced aPL is generally low and has been dis-
cussed in this chapter.
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43 Management of Thrombosis in
Antiphospholipid Syndrome
M.A. Khamashta and Guillermo Ruiz-Irastorza

Introduction

Among the growing variety of clinical manifestations of antiphospholipid syndrome
long-term prognosis is most influenced by the risk of recurrent thrombosis in APS.
Therefore, the most important aspects concerning management of patients with
APS are treating thrombosis, preventing re-thrombosis (i.e., secondary prophylaxis)
and, ideally, reducing the number of individuals having aPL who develop the syn-
drome (i.e., primary prophylaxis).

Unfortunately, the optimal therapy for each of these scenarios has not been yet
defined. The paucity and relative low quality of the studies performed, mainly due
to selection criteria of patients, lies behind the lack of agreement among authors.
These discrepancies have been recently shown in the consensus documents pub-
lished after the 10th Conference on Antiphospholipid Antibodies held at Taormina,
Sicily, in September 2002 [1–3].

However, important advances have taken place during the past few years, and,
specifically, since the first edition of this text was published in 2000. Therefore, this
chapter deals with the task of presenting available data, discussing their strengths
and limitations and defining the arguable position of these authors on conflicting
issues.

Treatment of Thrombosis in APS: Acute Therapy and
Secondary Prophylaxis

The description of APS by Hughes in 1983 [4] provided a new insight into vascular
disease. Here, for the first time, was a common prothrombotic disorder which
resulted in arterial as well as venous thrombosis. Treatment of the acute thrombotic
event, if identified, is no different in APS than in the general population. Patients
with venous thromboembolism are given heparin (currently low-molecular-weight
in most countries) followed by warfarin. Fibrinolytic therapy has been used suc-
cessfully in patients with APS [5]. Antiaggregation is commonly used in the first
place in patients with arterial events as aPL status is unknown in many cases.
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The risk of recurrent thrombosis in patients with APS is high. The level of this
risk has been variously reported ranging between 22% to 69% [6–10]. The type of
thrombosis is predictive; retrospective analysis of patients with APS and recurrent
thrombosis showed that a venous thrombosis is followed by another venous throm-
bosis in more than 70% of cases, and an arterial thrombosis is followed by another
arterial thrombosis in more than 90% of cases [6, 7]. Two recent large and prospec-
tive long-term follow-up studies of patients with venous thromboembolism have
confirmed that the risk of recurrence in APS patients is significantly higher than in
patients without aPL [9, 10]. The cerebral circulation appears to be particularly tar-
geted, with strokes and transient ischemic attacks, movement disorders, epilepsy,
myelopathy, and migraine being major manifestations. The rate of recurrent stroke
has also been shown to be extremely high in patients with moderate-to-high titers of
aCL [11, 12].

Retrospective studies published between 1992–1995 by Rosove et al [6], Derksen
et al [13], and Khamashta et al [7] showed the need for prolonged anticoagulation of
patients with APS presenting with thrombosis, because the risk of recurrent throm-
bosis in patients not having, and especially stopping anticoagulation, was unaccept-
ably high – and consistently shown across the studies. Based on these data,
indefinite anticoagulation has been accepted by most authors as the standard sec-
ondary prophylaxis for thrombosis in patients with APS [14, 15]. It is not clear,
however, whether prolonged anticoagulation is necessary in APS patients whose
first thrombotic episode developed in association with surgery, oral contraceptive
pill, pregnancy, or other circumstantial thrombotic risk factors.

The second relevant finding of the studies by Rosove at al [6] and Khamashta et al
[7] was the decreased risk of recurrent thrombosis of patients treated with oral anti-
coagulation targeted to an international normalized ratio (INR) higher than 3.0 as
compared with those aimed to a lower intensity. In addition, low-dose aspirin alone
was less effective in preventing recurrent thrombosis than high-intensity anticoagu-
lation. The message from these studies would be to target the intensity of anticoagu-
lation to a higher level than the standard for other conditions such as atrial
fibrillation.

Criticism of these studies includes the retrospective design and thus, the non-
randomized assignment of treatment, which is obviously a major limitation. Also,
patients with arterial and venous events could not be analysed separately in any of
these series due to sample size issues. Furthermore, a number of small subsequent
series of patients with venous thromboembolism and aPL found no increased risk
of thromboembolic events in patients treated with standard intensity warfarin [9,
10, 16–18]. All the above, together with the fear of increasing hemorrhage as INR
rises, made some authors claim a standard 2.0–3.0 anticoagulation target for all
patients with APS and thrombosis, irrespective of the vascular bed [19].

Three studies recently published aimed to shed some light on this controversy. In
the first, our group analysed a series of 66 patients with definite APS according to
Sapporo classification criteria [20] treated with oral anticoagulation to a target INR
3.0–4.0 [21]. The major results of our study were 3-fold: The intensity of anticoagu-
lation was frequently lower than desired, although the INR was very rarely below
2.0; the frequency of life-threatening bleeding was not higher than in patients from
other series and treated with lower intensities of anticoagulation, and several APS
patients experienced recurrent thrombosis at INRs between 2.0–3.0 (5 documented
cases with INRs ranging from 2.1–2.6), most of them having additional risk factors
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for vascular events. The main limitations of this study were the retrospective design
– somewhat limited by a personal interview with each participant in the study – and
the lack of a control group with a lower target INR.

In 2003, Crowther et al published the first randomized clinical trial comparing
low-and high-intensity oral anticoagulation in a group of 114 patients with APS and
previous thrombosis [22]. They found a similar rate of recurrent thrombosis in both
groups, which, in addition, was lower than expected according to previous studies,
and concluded that a usual INR range of 2.0–3.0 is enough for preventing re-throm-
bosis in patients with APS.

Unfortunately, and despite the optimal design of the study, including double-
blindness and intention-to-treat analysis, some important issues biased this trial
rendering its conclusions difficult to generalize. First, patients having recent strokes
or thrombosis under anticoagulant treatment were excluded; as an expected conse-
quence, 76% of patients had venous thrombosis only, thus conclusions regarding
patients with arterial thrombosis were not possible. Second, and probably most
important, patients in the high-intensity group were below the “therapeutic range”
43% of the time. Therefore, high-intensity anticoagulation was not achieved. Not
surprisingly, most thrombotic episodes in both groups (6 out of 8) took place when
INRs were lower than 3.0.

A second prospective study focusing on the secondary prevention of thrombosis
in patients with APS was published in JAMA in 2004 [23]. Taking advantage of an
on-going randomized clinical trial (the Warfarin vs. Aspirin Recurrent Stroke
Study, comparing low-intensity anticoagulation with aspirin for secondary preven-
tion of stroke), the authors aimed to define the role of aPL in predicting recurrent
strokes and response to therapy (Antiphospholipid Antibodies and Stroke Study).
Blood samples were stored from 1770 patients (80% of WARSS participants) and
aCL (including IgG, IgM, and IgA isotypes) and LA were determined.

The results showed similar frequencies of the primary end points (death, recur-
rent ischemic stroke, transient ischemic attack, myocardial infarction, peripheral
or visceral artery thrombosis, and venous thromboembolism) among aPL-positive
and aPL-negative patients. Response to warfarin or aspirin was uniformly similar
among patients with and without aPL. Thus, the conclusions of this study can be
summarized as follows:

1. Testing for LA or aCL did not confer important knowledge for prognosis or
treatment of patients with recently diagnosed ischemic stroke.

2. Warfarin was not associated with fewer thrombotic events than aspirin among
patients with aPL and stroke.

It is our view that a potentially outstanding study has been substantially weak-
ened by important limitations with regard to the population studied. Performing a
single aPL determination and considering patients with low titers aCL only as pos-
itive, including IgA isotype, is unacceptable to sustain a classification of APS
according to currently accepted criteria [20]. Not surprisingly, most patients with
aCL were positive at low titers only, which explains the huge proportion of aPL-
positive patients (41% of the cohort) in a population averaging 63 years old, sug-
gesting a low specificity of aPL definitions used. In fact, the study by the APASS
group found an increased risk of the main outcome (death or thrombosis at any
site) among patients positive for both aCL and LA, who were only 6.7% of the
whole group.
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Contrary to the opinion of the authors, it is our view that the lack of a differences
between aPL-positive patients treated with aspirin or warfarin in terms of recurrent
thrombosis, may actually support the idea that oral anticoagulation to an INR below
3.0 (the range in the study was 1.4–2.8) is not enough for patients with APS and
arterial events [21].

In conclusion, we advocate prolonged oral anticoagulation as the standard sec-
ondary prophylaxis of thrombosis in patients with APS. Intensity of anticoagulation
should be individually targeted according to risk of thrombosis, thrombosis related
damage and bleeding: patients with arterial events (specially stroke) and life-threat-
ening pulmonary embolism should be maintained at INRs higher than 3.0; a lower
target INR could be acceptable for patients with non-severe venous thromboem-
bolism. Special caution must be paid to patients with leukoaraiosis and/or previous
serious bleeding. It goes without saying that other risk factors for thrombosis, such
as smoking, hypertension, hyperlipidemia, diabetes, and use of estrogens must be
strictly corrected.

Primary Thromboprophylaxis of aPL-positive Subjects

Available data from clinical studies suggest that the thrombotic risk associated with
aPL may be substantial. In a prospective study of healthy men, those with aPL suf-
fered 5 times the risk for venous thrombosis or pulmonary embolus [24]. Women
initially referred to an obstetrical group for pregnancy-related aspects of APS had
15.7 thromboses per 100 patient-years in an average of 3 years of follow up [25].

Finazzi et al [26] designed a large prospective study in 360 unselected patients
with aPL and showed that high titer IgG anticardiolipin antibody (aCL) was a
significant predictor for thrombosis. Vaarala et al [27] showed that patients with
high levels of aCL had a higher risk of myocardial infarction and that this risk was
independent of any other factors. While there have been few rigorously designed
epidemiological studies, available data suggest that the stroke risk associated with
aPL may be substantial, especially in young adults [28–30]. A study of lupus
patients with aPL but no thrombosis showed that no less than one half (52%) had
developed the syndrome over 10-year follow up [31]. Recently, Gomez-Pacheco et al
[32] have suggested that the detection of antibodies directed against β2-glycoprotein
I may predict the risk of thrombosis in asymptomatic individuals with aPL.

Despite the accumulating data that aPL is a serious risk factor for thrombosis, to
date, no study has attempted to address the prophylactic management of the aPL-
positive individuals. In treating patients with aPL it is important to remove or
reduce other risk factors for thrombosis. Patients are advised to stop smoking, and
women are counselled against the use of estrogen-containing oral contraceptive
pills.

Although low-dose aspirin (75 mg/day) has been considered to be a logical pro-
phylaxis, the Physician Health Study showed that low-dose aspirin use in men with
aCL did not protect against deep venous thrombosis or pulmonary embolus [24].
Hydroxychloroquine has well-documented antiplatelet effects and has been shown
to reduce the risk of thrombosis in both SLE patients [33–36] and animal models of
APS [37]. Low-intensity oral anticoagulation with target INR around 1.5 has been
shown to be effective in other prothrombotic states including central venous
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catheterization [38], stage IV breast cancer [39], and ischaemic heart disease in men
at increased risk [40]. A prospective randomized trial comparing low-dose aspirin
with low-intensity warfarin in subjects with SLE and/or an adverse pregnancy
history is currently in progress in the United Kingdom. Until these results are avail-
able, we suggest that individuals with lupus or obstetric APS with persistently posi-
tive aCL (medium-high levels) and/or LA take low-dose aspirin (75 mg/day)
indefinitely. Furthermore, high-risk situations such as surgery should be covered
with subcutaneous heparin prophylaxis.

Miscellanea

Some patients with APS continue to have recurrent thrombotic events despite an
INR of 3.0–4.0. Whether additional therapy with low-dose aspirin is efficacious in
this situation is not known, but the risk of hemorrhage is increased when aspirin is
used alongside oral anticoagulant therapy [41]. As already commented, hydroxy-
chloroquine use may aid preventing thrombosis in lupus patients [33–36]. Due to
its excellent safety profile, this drug might empirically be given to patients with APS
with insufficient control despite optimal oral anticoagulation.

It is increasingly evident that many patients have uncontrollable fluctuations of
INR. Concerns exist over the validity of the INR in control oral anticoagulant dosing
if LA is present. The inhibitor occasionally increases the prothrombin time and, in
turn, the INR, which may thus not reflect the true degree of anticoagulation [42].
This phenomenon seems to be more likely when certain recombinant thromboplas-
tin reagents are used and can usually be circumvented by careful selection of the
thromboplastin to be used for the prothrombin time test [43, 44]. One of the fea-
tures of APS is that some patients appear relatively resistant to warfarin, some
requiring up to 25 mg daily to maintain adequate anticoagulation. In our experi-
ence, most of these patients were receiving other drugs and, notably, azathioprine at
the same time as warfarin therapy. Azathioprine interacts with warfarin, reducing
its efficacy by possible hepatic enzyme induction [45]. Conversely, patients on war-
farin who stop azathioprine may be at risk of bleeding and should be monitored
carefully.

The role of steroids and immunosuppressive drugs in the treatment of patients
with aPL and thrombosis is uncertain. Such drugs have severe side effects when
given for prolonged periods and aPL are not always suppressed by these agents.
Furthermore, in our series of patients with APS, corticosteroids and immunosup-
pressive therapy, prescribed in some patients to control lupus activity, did not
prevent further thrombotic events [7]. The use of these drugs is probably justified
only in patients with life-threatening conditions with repeated episodes of thrombo-
sis despite adequate anticoagulation therapy, namely catastrophic APS. In this rare
but life-threatening condition, plasmapheresis has also been used [46]. It is tempt-
ing to speculate that more targeted immunosuppressive therapy may be a future
option in this antibody mediated disease.

Autoimmune thrombocytopenia is an accompanying problem in 25% of
individuals with APS [47]. Generally, it is mild (platelet counts between
50,000–150,000/mm3), but occasionally severe thrombocytopenia occurs. The treat-
ment of choice is corticosteroids. The treatment of thrombosis and thrombocytope-
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nia in the same patient is a difficult clinical problem and requires careful manage-
ment. It is worth noting that thrombocytopenia does not necessarily protect
patients against thrombosis [8] and platelet counts of 50,000–100,000/mm3 in APS
should not modify the treatment policy of thrombosis with warfarin.

Oral anticoagulation therapy carries an inevitable risk of serious hemorrhage.
The rate of life-threatening bleeding in subjects taking warfarin, based on an Italian
prospective study, is at least 0.25% per annum [48]. This rises rapidly when the INR
exceeds 4.0. In APS, serious bleeding complications may occur, but their risk is not
higher than that observed in other thrombotic conditions warranting oral anticoag-
ulation [49]. Actually, our own experience has shown that serious hemorrhagic
events are unusual even in patients treated with high-intensity oral anticoagulation
[21]. However, it should be kept in mind that these data have been obtained from
series of young patients with primary or SLE-related APS. Age has been demon-
strated to be a risk factor for severe bleeding episodes in patients placed on long-
term anticoagulation [48] and Piette and Cacoub have recently reported similar
experience in their elderly patients with APS [50]. The presence of leukoaraiosis has
been regarded as a major risk factor for cerebral hemorrhage in patients taking oral
anticoagulants [51]. As has been previously discussed, all these facts must be borne
in mind when targeting INR in an individual patient with APS [21].
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44 Management of Antiphospholipid Syndrome
in Pregnancy
Lorin Lakasing, Susan Bewley, and Catherine Nelson-Piercy

Introduction

Antiphospholipid syndrome (APS) predominantly affects young women and there
has been a growing awareness of this condition amongst obstetricians and gynecol-
ogists over the last 15 years. In this chapter we discuss the association between APS
and adverse pregnancy outcome and present some of the dilemmas in the manage-
ment of on-going pregnancies in women with APS. Although clinicians are becom-
ing increasingly familiar with these management options, knowledge of the
pathogenesis of poor pregnancy outcome in APS remains incomplete, and in the
last part of this chapter we outline some of the areas of research in this rapidly
evolving field. 

Making the Diagnosis of APS

The criteria for the classification of APS are well described [1] and it is critical that
these are applied strictly to avoid inappropriate management of patients [2].
Similarly, even in those with a robust diagnosis, all adverse pregnancy outcomes
should not be entirely attributed to the syndrome as there are numerous other asso-
ciations with poor outcome that may be causative or contributory, for example, cer-
vical incompetence, “unexplained” intrauterine death. It is therefore essential to
apply good clinical judgment in each individual case to avoid interventions that
may be unnecessary or even harmful. 

The Effect of Pregnancy on APS

Pregnancy is a hypercoagulable state and women with APS are at increased risk of
thrombosis unless thromboprophylaxis or anticoagulation is adequate. Some
studies have demonstrated that a significant proportion of pregnant patients still
have thrombotic episodes despite thromboprophylaxis [3, 4]. These patients need
long-term anticoagulation with warfarin aiming for an international normalized
ratio (INR) of at least 2.0–2.9 [5]. Pregnancy can also exacerbate pre-existing
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thrombocytopenia, and this may be further compounded by medication because
aspirin and heparin administered during pregnancy may cause thrombocytopenia.
Thromboprophylaxis, full anticoagulation, and the management of thrombocytope-
nia in pregnant women with APS are discussed in more detail below. 

The Effect of APS on Pregnancy

APS and Early Pregnancy Complications

Many cases of APS are diagnosed following investigation of recurrent miscarriage.
The association between APS and recurrent miscarriage is well known [6–9], with
second trimester loss being particularly common [10]. The prospective fetal loss
rate in primary APS is reported to be 50% to 75% [11, 12]. In patients with systemic
lupus erythematosus (SLE) and secondary APS some studies suggest this may be as
high as 90% [13, 14], although this is likely to be an overestimate. It has been sug-
gested that the risk of fetal loss is directly related to the antibody titer [15, 16], but
this is certainly not true of all cases. Some studies have shown maternal IgG aCL to
be a particularly reliable predictor of miscarriage [17, 18]. Although this makes the-
oretical sense as this subfraction of antibodies can cross into the fetoplacental circu-
lation [19], many women with recurrent miscarriage have IgM aCL antibodies only.
It is impossible to predict which women will develop complications in pregnancy,
and some women with persistently elevated aPL titers and a history of thromboses
and/or thrombocytopenia will have no obstetric complications at all. Previous poor
pregnancy outcome remains the most important predictor of future risk [20–22]. 

APS and Late Pregnancy Complications

In pregnancies that do not end in miscarriage or fetal loss, there is a high incidence
of early onset pre-eclampsia (PET) [23–26] and intrauterine growth restriction
(IUGR) [20, 27], placental abruption [28], and premature delivery [29, 30]. Because
patients with APS form a heterogeneous group, the incidence of these complica-
tions varies between units. Indeed it is now clear that the substantial differences in
APS patient populations in studies of pregnancy inevitably results in large differ-
ences in reported adverse pregnancy outcomes, and whilst attempts are being made
to define management in certain subgroups, many recommendations are not
strictly evidence based [31, 32]. Those units which manage women with systemic
manifestations of APS have a higher incidence of complications in pregnancy [33],
whilst those which recruit women predominantly from recurrent miscarriage clinics
have a lower incidence of these complications [34, 35]. It is essential to appreciate
these differences in order to critically appraise the literature, advise women appro-
priately, and rationalize therapy [36]. In a recent study from our own unit, 35 preg-
nancies in women with primary APS resulted in a live birth in 32 cases (91%) with a
mean gestation of 38.4 (27.5–42) weeks and a mean birth weight of 2895 ± 165 g.
Complications included miscarriage in 3 cases (9%), fetal growth restriction in 4
cases (12%), placental abruption in 1 case (3%), pre-eclampsia in 2 cases (6%), pre-
term delivery in 8 cases (24%), and maternal thrombotic events in 5 cases (14%).
Labor was induced in 8 (25%) cases and delivery was by Caesarean section in 19
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(59%) cases. Five (16%) babies required neonatal intensive care [37]. A summary of
the outcomes in APS pregnancies reported in the main studies is shown in Table
44.1. 

The early prediction of women with APS who are likely to develop complications
in pregnancy remains a challenge. Several studies have recommended uterine artery
Doppler waveform analysis in these women [38, 39]. In a study of APS pregnancies,
bilateral uterine artery notches at 22–24 weeks gestation represented a likelihood
ratio for prediction of pre-eclampsia of 12.8 [95% confidence interval (CI), 2.2-75]
with a sensitivity of 75% and a specificity of 94% and a negative predictive value of
94%, and similar statistics were obtained for the prediction of fetal growth restric-
tion [40]. Other studies in APS pregnancies have confirmed the reassuring nature of
absence of bilateral uterine artery notches at even lower gestations [41]. Histological
evidence of impaired trophoblast migration in placental bed biopsies from women
showing these high resistance Doppler waveforms has been reported [42], although
the extent of uteroplacental pathology does not always correlate with the severity of
maternal or fetal disease. 

Therapeutic Options in APS Pregnancies

Many therapeutic options have been tried in APS pregnancies and the risks and
benefits of each form of therapy continue to be an active area of debate [43]. A
meta-analysis of therapeutic trials in pregnant women with APS has recently been
published but the conclusions need to be interpreted with caution due to the small
number of patients in most studies, differences in diagnostic laboratory methods,
and variable inclusion criteria [44]. The most commonly used medications are
aspirin, heparin, warfarin, and steroids. A summary of the side-effects of these
drugs is shown in Table 44.2. Pre-conceptual review of medication is useful as it
allows clinicians to place each patient in a risk category and treat her accordingly.
These individualized treatment regimes limit the problems associated with
polypharmacy in pregnancy and enable resources to be invested appropriately. 

Aspirin

Women with APS are advised to take low-dose aspirin (75 mg daily) in pregnancy.
The rationale for this is aspirin-mediated inhibition of thromboxane, increased
vasodilation, and subsequent reduced risk of thromboses in the placenta and else-

Management of Antiphospholipid Syndrome in Pregnancy 557

Table 44.1. Pregnancy outcomes in different populations of women with antiphospholipid syndrome.

Study Utah [28] St. Thomas [1] Liverpool [29] St. Mary’s [30]

Pregnancies (n) 82 60 53 150
Population Predominantly Predominantly Predominantly All

systemic systemic recurrent recurrent
miscarriage miscarriage

PET (%) 51 18 3 11
IUGR (%) 31 31 11 15
Preterm delivery (%) 37 43 8 24

Adapted from Ref. 36.



where. However, the use of aspirin in APS pregnancies has never been subjected to a
randomized trial, although several non-randomized studies suggest it is beneficial
[45–47], and there are animal data to support this [48]. In low risk APS pregnancies,
that is, no previous thromboses or miscarriages, a randomized controlled trial of
aspirin versus no aspirin failed to show any benefit of treatment [49]. Damage to the
developing trophoblast occurs early in pregnancy and therefore if aspirin is used it
is likely to be of most benefit if administered from the pre-conceptual period as use
of aspirin from the mid-trimester onwards has been shown to be of no benefit in
reducing the incidence of adverse pregnancy outcome in high risk groups [50].
Treatment is usually continued at least until delivery if not into the puerperium.
Low-dose aspirin does not affect the use of regional anesthesia during labor. Renal
and hepatic impairment do not occur with this dose of aspirin and bronchospasm is
exceptionally rare affecting a minority of asthmatics. There are no adverse fetal or
neonatal effects from the use of low-dose aspirin.

Heparin

Women with APS and a previous history of thromboembolism are treated with
heparin as thromboprophylaxis in pregnancy. For those with recurrent pregnancy
loss or previous adverse pregnancy outcome but without a history of thromboem-
bolism, there is as yet no consensus of opinion [51]. Some studies have suggested
that heparin therapy in addition to aspirin may contribute to improved fetal
outcome [52]. One group has shown improved fetal outcome using heparin [53] or
LMWH alone [54]. Most specialist units caring for pregnant women with APS use
aspirin and low-molecular-weight heparin (LMWH) together in women with a
history of thrombosis or second trimester loss, and there is some evidence of
improved pregnancy outcome with the use of heparin in women with recurrent first
trimester loss [55, 56], although not all studies have shown a benefit in this sub-
group [57]. Those women who wish to take LMWH during pregnancy for fetal
indications, for example, recurrent miscarriage, previous intrauterine death, pre-
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Table 44.2. Therapeutic options in antiphospholipid syndrome pregnancies.

Maternal side effects Fetal side effects Breastfeeding

Aspirin GI disturbances Safe Safe

Warfarin GI disturbances Teratogenic Safe
Hypersensitivity Hemorrhage
Hemorrhage Miscarriage

Heparin Osteoporosis Safe Safe
Thrombocytopenia
Hemorrhage/bruising
Hypersensitivity

Prednisolone Infection Safe Safe
Diabetes ?adrenal
Hypertension suppression
Osteoporosis (very rare, only
Peptic ulceration if > 30 mg daily)
Muscle wasting
Cushing’s syndrome 
Depression/psychosis



eclampsia, or fetal growth restriction, usually receive once daily thromboprophylac-
tic doses. However, those with previous thromboses are often given high dose
thromboprophylaxis in the form of twice daily administration (e.g., Enoxaparin 40
mg SC b.i.d.) to minimize the risk of recurrent thromboses during pregnancy which
might necessitate treatment with either therapeutic doses of LMWH or oral antico-
agulation with warfarin. Whether LMWH is being administered for fetal or mater-
nal indications or both, the potential benefits of treatment should be balanced
against the risk of heparin-induced osteoporosis [58-60]. The problem of osteo-
porosis is compounded by concomitant use of steroid medication, and indeed by
pregnancy itself [61-63]. LMWHs are commonly used in APS patients because of
the convenience of once daily administration (in most cases), the improved
antithrombotic (áXa) to anticoagulant (áIIa) ratio, the decreased risk of heparin-
induced thrombocytopenia, and the probable decreased risk of heparin-induced
osteoporosis [64]. However, there have been small case series reporting osteo-
porotic fractures with LMWH administered in therapeutic doses [65]. Systematic
review of all studies of LMWH use in pregnancy confirms a very low (0.09%) risk of
osteoporosis [66]. Although Factor Xa levels may be used to monitor LMWH [67],
experience has shown that doses are virtually never altered as a result [60], and
therefore it is not necessary to measure Factor Xa levels routinely [68]. LMWH
administration is omitted at least 12 hours prior to elective delivery, but in case
urgent delivery is necessary, reversal with protamine sulphate is possible. The mole-
cular weight of unfractionated heparin ranges from 12–15 kDa and that of LMWH
from 4–5 kDa therefore neither preparation is able to cross the placenta. Heparin is
not excreted into breast milk [69]. 

Warfarin

When there has been a thrombotic event in the index pregnancy despite heparin
thromboprophylaxis, or in women with a history of previous cerebrovascular
thromboses, the risk of recurrence is sufficiently high to consider antenatal admin-
istration of warfarin [70]. In practice the use of warfarin is avoided in the first
trimester unless a woman develops transient ischemic attacks or other thrombotic
events at that time. This is because, unlike heparin, warfarin does cross the placenta
and is potentially teratogenic producing a typical embryopathy characterized by
nasal hypoplasia, stippled epiphyses, rhizomelia (short proximal limbs), digital dys-
plasia, eye abnormalities, and developmental delay [71]. The exact incidence of
these anomalies is unknown largely due to case-reporting bias. Review of the litera-
ture suggests that it is between 2% to 4% [72], but there appears to be a dose depen-
dent incidence of complications with a higher number of complications in pregnant
women receiving more than 5 mg per day [73, 74]. Patients require close supervi-
sion and regular INR estimates maintaining values between 2.0–2.5. It must be
remembered that the maternal INR does not accurately reflect the fetal coagulation
status and animal studies show that the risk of fetal intravascular hemorrhage is
still present despite optimum maternal control [75]. The fetus is therefore at risk
throughout pregnancy during the period of warfarin administration [76]. A fort-
night before planned delivery, warfarin is discontinued and either an intravenous
infusion of unfractionated heparin or therapeutic doses of subcutaneous LMWH is
commenced. This allows sufficient time for clearance of warfarin by both mother
and fetus to occur. Every attempt should be made to avoid rapid reversal of war-
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farin anticoagulation with vitamin K at the time of delivery as this makes subse-
quent anticoagulation in the post-natal period difficult. There is no evidence to
suggest that fetal outcome is improved with the use of warfarin. There is no
significant excretion of warfarin into breast milk [77, 78]. 

Steroids

In the past, high dose steroids (greater than or equal to 60 mg daily) were used to
suppress lupus anticoagulant (LA) and anticardiolipin antibodies (aCL) and some
studies reported improved fetal survival [79, 80]. However, these therapeutic
regimes resulted in considerable maternal morbidity including gestational diabetes,
hypertension, and sepsis, and subsequent studies failed to show an improvement in
pregnancy outcome [46, 81]. Cowchock et al demonstrated that aspirin and heparin
gave equivalent fetal outcomes when compared with aspirin and steroids with
significantly less maternal morbidity [52], and more recently there have been sug-
gestions that steroid use may be detrimental to fetal outcome by promoting pre-
term delivery [82]. Therefore the use of steroids in APS pregnancies has been
abandoned except for the treatment of maternal thrombocytopenia or co-existent
SLE for which prednisolone is still first line therapy. Regular blood glucose monitor-
ing is required with long-term administration of steroids. Patients requiring more
than7.5 mg prednisolone daily for more than 2 weeks prior to delivery should be
given intra-partum intravenous hydrocortisone 100 mg t.i.d.. Breastfeeding is rarely
contraindicated, although women taking greater than 60 mg prednisolone with
healthy term babies may consider bottle-feeding because of the theoretical risk of
neonatal hypothalamic–pituitary adrenal suppression at these high doses. 

Others 

Immunosupression with azathioprine, intravenous immunoglobulin [83–85],
plasma exchange [86], and interleukin-3 therapy [87] have all been tried in APS
pregnancies. Due to the cost of immunoglobulin therapy, this treatment has previ-
ously been limited to salvage therapy in women who develop complications despite
treatment with aspirin and heparin [88]. Initial reports using a 2 g/kg course of
intravenous immunoglobulin administered in divided doses over 2–5 days in the
second or early third trimester in pregnancies complicated by IUGR suggested a
temporary improvement in uteroplacental Doppler waveforms [89]. More recently,
a randomized controlled trial of intravenous immunoglobulin versus aspirin and
heparin in 40 women with APS associated recurrent miscarriage showed a live birth
rate of only 57% in the immunoglobulin group compared with 84% in the aspirin
and heparin group [90]. Thus, although initially promising, immunoglobulin
therapy does not appear to be beneficial in APS pregnancies. 

Management of APS Pregnancies at St. Thomas’ Hospital

St. Thomas Hospital is a national referral center for APS and there is a weekly ante-
natal clinic for pregnant women with APS. Many of these women are well known to
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the rheumatology and hematology services and this allows pre-conceptual counsel-
ing in most cases. At this visit women undergo a risk assessment and future therapy
is planned. Many women with APS have related disorders also addressed at that
time, for example, SLE or thrombocytopenia. Apart from the standard pre-preg-
nancy advice, for example, folic acid, women who are not already taking aspirin are
advised to start from the pre-conceptual period onwards until delivery. LMWH is
offered to women who are taking long-term oral anticoagulation, those with previ-
ous thrombotic events and those with 1 or more previous second trimester losses.
LMWH is administered immediately after ultrasound confirmation of a viable
intrauterine pregnancy, but not pre-conceptually in order to limit the time of
heparin usage. Women are regularly reviewed by a multi-disciplinary team and the
frequency of visits depends on the presence of any complications and practical
issues such as commuting distance. 

As well as routine aspects of ante-natal care offered to all pregnant women, for
example, screening for chromosomal abnormalities and mid-trimester ultrasound
examination of the fetus, women with APS are offered Doppler analysis of uterine
artery wave forms at 20 and 24 weeks gestation. In the third trimester, “high risk”
women with APS, for example, abnormal Doppler assessment of the uterine arteries
or previous late pregnancy complications, are offered 4 weekly scans, whereas those
at the milder end of the APS spectrum, for example, recurrent first trimester losses
only, are offered scans at 28 and 34 weeks gestation. In cases with suspected fetal
growth restriction, biophysical profiles are performed to further assess fetal well
being. LMWH is discontinued at 20 weeks gestation in women with a history of
recurrent first trimester miscarriage alone and normal uterine artery Dopplers at
this time as the benefits of LMWH have not been demonstrated beyond this gesta-
tion in this sub-group of patients. In the other women, LMWH is continued up to
the time of delivery and for 6 weeks afterwards [91]. Those with previous throm-
boses taking long-tern anticoagulant therapy are converted back to warfarin after
delivery. 

Women have direct access to hospital 24 hours a day and inpatients are regularly
reviewed by a multi-disciplinary team. Women who develop pre-eclampsia are
managed according to the standard hospital protocol. A specialist team of midwives
care for these high risk pregnancies and this provides continuity of care. Obstetric
anesthetists are involved when planning delivery especially in women who are fully
anti-coagulated. A bereavement counseling service is provided by consultant obste-
tricians, specialist midwives, and neonatologists where appropriate. 

Pathogenesis of Adverse Pregnancy Outcome in APS

The safe and successful treatment of pregnant women with APS lies in understand-
ing the etiology of this condition and the mechanism by which complications in
pregnancy may arise. As yet there are many more questions than answers [92]. Most
research has been in the form of drug trials and conclusions have been largely
unconvincing due to small numbers, poor study design, and variable entry criteria
and outcome measures. More recently there has been a shift in emphasis to more
laboratory based research using models for trophoblast development and molecular
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biological techniques to determine various aspects of antibody–endothelial interac-
tions [93]. 

Early Pregnancy Failure 

Early pregnancy failure is likely to be due to impaired development of the tro-
phoblast and failure to establish an effective fetoplacental circulation. The factors
governing trophoblast invasion and early placental development are multiple and
complex. Some factors specific to APS pregnancies have been well characterized, in
particular β2-glycoprotein I (β2-GPI) [94]. In addition, aPL have been shown to
directly alter trophoblastic hormone production and invasiveness in in vitro models
[95], and, more interestingly, that LMWH restores trophoblast differentiation and
invasiveness [96]. However, many others factors are also involved. It is likely that
growth factors [97, 98], cytokines [99], integrins [100, 101], cell adhesion molecules
[102, 103], and class I major histocompatibility complex antigens [104] are all
instrumental. The effect of aPL on the function of these molecules has yet to be
established. 

Late Pregnancy Failure 

Late pregnancy complications are likely to arise from damage to the uteroplacental
vasculature. After 15 weeks gestation the vasculosyncitial membrane is porous
enough for IgG antibodies to be able to cross into the fetal circulation. High concen-
trations of IgG antibodies have been eluted from placenta from women with aPL-
positive sera with poor pregnancy outcomes [19]. Whether these aPL themselves
are directly responsible for structural and/or functional damage to the placental
vessels or whether they act indirectly via another secondary mechanism is unclear.
It has been difficult to extrapolate antibody data from animal studies to clinical
experience in humans [105, 106]. Some studies have suggested that aPL are involved
in oxidant mediated damage to the vascular endothelium [107]. However, in order
to recognize endothelial cells, aPL antibodies require the presence of certain co-
factors [108, 109], the best characterized of which are β2-GPI [110] and prothrombin
[111]. Much work has been done in this area but few conclusions drawn.
Histological examination of placenta from APS pregnancies often show thromboses
of the uteroplacental vasculature and placental infarction [112]. There may be
decidual vasculopathy characterized by fibrinoid necrosis and atherosis of decidual
vessels [113]. These findings suggest thrombotic damage to the fetoplacental circu-
lation, and whilst some groups have published data to support this [114–116],
others disagree [117, 118]. Another possibility is that placental dysfunction and sub-
sequent fetal demise in APS pregnancies are secondary to the maternal vasculopa-
thy which is thought to also affect placental bed vessels, and not to primary
antibody mediated fetoplacental events at all. In this way, APS related adverse preg-
nancy outcome may be similar to that which occurs in women with pre-eclampsia
without an underlying vasculopathy [119], or those with hereditary thrombophilias
[120, 121]. Although the mechanisms causing utero-placental dysfunction in these
pregnancies has attracted much interest in the last decade, recent research in a
murine model suggests that the complement system has a major role in APS-related
adverse pregnancy outcome [122].
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Summary 

Pregnant women with APS are at risk of complications at all stages of pregnancy.
They require specialist care and a team approach involving obstetricians, obstetric
physicians, rheumatologists, hematologists, neonatologists, and specialist mid-
wives. Close monitoring of the various aspects of the condition may reduce mater-
nal morbidity and improve fetal outcome. Therapeutic options include aspirin,
LMWH, and, less commonly, warfarin and steroids. 

The pathogenesis of the adverse pregnancy outcome in APS has not yet been fully
elucidated although there is active research in this field. Until this is ascertained, we
must accept that many aspects of management are purely empirical and it is our
duty to counsel women thoroughly such that they understand the risks and benefits
of the treatment options they are offered. 
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45 Management of Thrombocytopenia in
Hughes Syndrome
Monica Galli and Tiziano Barbui

Introduction

The combination of lupus anticoagulants (LA) and anticardiolipin antibodies (aCL),
which are the best known antiphospholipid antibodies (aPL), with arterial and
venous thrombosis and recurrent miscarriages defines Hughes syndrome. Two
forms of Hughes syndrome have been described: the “primary” syndrome [1], that
occurs in the absence of any underlying disease, and the “secondary” syndrome [2],
that develops in association with another pathological condition, mainly systemic
lupus erythematosus (SLE). In 1999, a panel of experts defined the preliminary labo-
ratory and clinical criteria for Hughes syndrome [3].

Thrombosis is the most frequent clinical event of Hughes syndrome, as it occurs
in approximately 30% of patients [4], with an overall annual rate of 2.5% [5].
Venous thrombosis accounts for about 60% of all thromboembolic events, and is
represented mainly by deep vein thrombosis of the legs and pulmonary embolism
[6]. On the other hand, complete cerebral ischemic strokes and transient ischemic
attacks are the most common arterial thrombosis [6]. Thrombosis may be recurrent
and is often spontaneous. Obstetric complications are reported in about 15% to
20% of women with Hughes syndrome [7], and are considered secondary to throm-
bosis of the placental vessels [8].

A variable degree of thrombocytopenia is observed in as many as 20% to 40% of
patients with aPL [9]. As uncertainty exists regarding its pathogenesis, therapy, and
influence on the policy of treatment of thrombosis, the panel of experts decided not
to include thrombocytopenia among the criteria for the diagnosis of Hughes syn-
drome.

Pathophysiology of Thrombocytopenia

Thrombocytopenia of Hughes syndrome is classified among the immune thrombo-
cytopenias. Idiopathic thrombocytopenic purpura – the most common and better
known of this group of conditions – has been pathogenetically linked to specific
autoantibodies directed against glycoproteins IIb/IIIa and Ib/IX (less frequently,
also glycoproteins Ia/IIa and V) [10]. Upon binding to platelet membrane, these
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antibodies increase the peripheral destruction of opsonized platelets [11, 12].
Typically, the half-life of platelets becomes very short, and their scavenging from
circulation takes place mainly in the spleen and the liver.

In the mid 1980s, aPL had been suggested to cause thrombocytopenia, based on
the high prevalence of aCL in patients with idiopatic thrombocytopenic purpura
[13], and on the interaction between platelet membrane phospholipids and these
antibodies (see below). Even though this possibility cannot be excluded, the direct
role of aPL in the pathogenesis of thrombocytopenia has been questioned. In fact,
antibodies directed against glycoproteins IIb/IIIa and Ib/IX are found in about 40%
of aPL-positive patients [14], a figure similar to that already known for idiopathic
thrombocytopenic purpura [15]. Moreover, antibodies directed against a 50–70 kDa
internal platelet protein have been specifically found in patients with aPL and
thrombocytopenia but not in patients with idiopathic thrombocytopenic purpura
[16]. Antibodies directed towards platelet glycoproteins Ia/IIa and IV and towards
CD9 have also been detected in the serum of patients with primary Hughes syn-
drome [17]. Finally, it has been observed that immunosuppressive treatment of
idiopathic thrombocytopenic purpura increased platelet number and reduced the
titers of platelet-associated IgG but not those of aPL [18]. This data would indicate
that aPL and antiplatelet antibodies comprise different specificities and suggest that
platelet-specific antibodies, rather than aPL, play a role in the pathogenesis of
thrombocytopenia of Hughes syndrome.

Interactions Between aPL Antibodies and Platelets:
Parallelism with Heparin-induced Thrombocytopenia

aPL interact with negatively charged phospholipids by means of specific proteins
(listed in Table 45.1). β2-glycoprotein I and prothrombin are by far the 2 best known
and characterized antigenic targets of aPL [19–22].

Anionic phospholipids are essential constituents of cell membranes. In platelets,
they are located in the inner leaflet of the plasma membrane [reviewed in 23]; thus,
they are not available for interaction with aPL. However, under physiologic condi-
tions, this asymmetric distribution can be lost, resulting in exposure of anionic
phospholipids on the outer leaflet of plasma membrane [23]. For platelets, this phe-
nomenon occurs upon activation by different agonists and is accompanied by shed-

Table 45.1. Antigenic targets of antiphospholipid antibodies.

β2-glycoprotein I
(Human) prothrombin
(Activated) protein C
Protein S
Tissue-type plasminogen activator 
Annexin V
Thrombomodulin
Oxidized low-density lipoproteins
Factor XII
High- and low-molecular weight kininogens
Factor VII/VIIa
Complement components H and C4b



570 Hughes Syndrome

ding of microvesicles. Because both activated platelets and platelet-derived
microvesicles represent an important in vivo procoagulant surface, the interaction
between aPL and cellular membranes may be relevant to the pathogenesis of throm-
bosis of Hughes syndrome.

Limited evidence is available regarding the interaction of aPL with platelets in
vivo. Although impairment of the thromboxane A2/prostacyclin balance [24], and
increased urinary excretion and plasma levels of the platelets-specific β-throm-
boglobulin [25] have been reported, pointing towards a condition of in vivo platelet
activation, neither elution of aPL from platelet membrane [26], nor clear evidence
for circulating activated platelets have been demonstrated by flow cytometry
studies. Fanelli et al [27] found a statistically significant increase in the expression
of CD62p above the normal cut-off in the platelet-rich plasma of 9 out of 16 patients
with primary Hughes syndrome. No differences were observed for CD63 expression.
Joseph et al [28] analyzed a cohort of 20 patients with primary Hughes syndrome
for the expression of CD62p, CD63, percentage of circulating reticulated platelets,
and levels of soluble P selectin, taken as indicators of platelet activation. These
authors found an increased expression of CD63 and a higher median level of P
selectin in the patients’ group when compared to the control group. The same group
[29] confirmed and extended this observation, showing an increased presence of
monocyte–platelet complexes in patients with primary Hughes syndrome.
Conversely, other groups failed to find signs of platelet activation both in patients
with primary [30] or with SLE-related Hughes syndrome [31].

The presence of microvesicles has been investigated in aPL-positive patients [32].
By means of flow cytometry, employing specific antiplatelet glycoprotein antibod-
ies, pathological levels of circulating microvesicles were observed in approximately
half of the patients. By retrospective analysis, this finding was statistically associated
with thrombosis.

The interaction of aPL with platelets has been investigated mainly by in vitro
experiments. Even though binding of aPL to resting platelets has been occasionally
reported [33], activation and/or damage appear a prerequisite for the binding of
aPL [34–36]. Elegant studies with murine monoclonal antibodies to β2-glycoprotein
I demonstrated that the antibodies by themselves were unable to activate resting
platelets, but that they greatly stimulated platelet activation and secretion induced
by sub-threshold concentrations of ADP or epinephrine [37]. The effect was blocked
by a specific inhibitor of the FcãRII. A similar pattern of reactivity was observed
when platelets were substituted by neutrophils [38]. Again, the monoclonal anti–β2-
glycoprotein I antibodies interact with neutrophil surface via the FcãRII inducing
activation, degranulation, and adherence of neutrophils to endothelial cells.
Similarly, Font et al [39] showed the ability of monoclonal human aCL to promote
platelet interaction with subendothelium under flow conditions, provided the pres-
ence of β2-glycoprotein I. Experiments by Lutters et al [40] extended these observa-
tions by showing that dimers of β2-glycoprotein I increase platelet deposition to
collagen via interaction with phospholipids and the apolipoprotein E receptor 2’.

Noima et al [41] showed that plasma and IgG fractions displaying both aCL and
LA activities were able to enhance CD62p expression of ADP-stimulated platelets.
Conversely, plasmas and IgG immunoglobulins containing aCL only or LA activity
only failed to induced such a stimulatory effect.

This in vitro behavior of aPL is remarkably similar to that already reported for
heparin-induced thrombocytopenia (HIT) [42], another autoimmune thrombocy-
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topenia characterized by a high rate of venous and arterial thromboembolic compli-
cations [43]. Upon recognition of the heparin/platelet factor 4 complex on the
surface of slightly activated platelets [44, 45], the antibodies interact with FcγRII, in
this way enhancing platelet activation, secretion, and shedding of microvesicles
[46–48]. A single base polymorphism of the FcγRII has been reported at position
131, that changes the native arginine to histidine: the FcγRIIHis131 was found to be
associated with with a predisposition to HIT because its prevalence was higher than
in normal controls [49]. Compared to the FcγRIIArg131 isoform, the FcγRIIHis131 allele
has a higher affinity for IgG2 [50], which is the major IgG subtype of both heparin-
induced antibodies [51] and aPL [52]. At variance with HIT, the prevalence of the
different FcγRII genotypes in aPL patients was similar to that of controls [53].

The above reported clinical and laboratory similarities between HIT and Hughes
syndrome prompted Vermylen et al [54] to put forward a hypothesis to explain
both the high risk of thombosis and the development of thrombocytopenia in
patients with the Hughes syndrome. Following a mild platelet activation, phospho-
lipid binding proteins (i.e., β2-glycoprotein I, prothrombin) would interact with
anionic phospholipids exposed on the outer surface; aPL stabilize their binding via
trimolecular complex formation [55, 56] (Fig. 45.1) and via additional FcγRII inter-
actions.

The interaction results in 2 main consequences:

1. Sensitized platelets are quickly removed from circulation, leading to thrombocy-
topenia.

+
+
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Figure 45.1. Anti–β2-glycoprotein I antibodies form stable tri-molecular complexes with their antigen at the
anionic (phospholipid) surface.



2. Platelets are further activated, leading to an increased risk of thrombosis.

Indirect support to this hypothesis comes from Nojima et al [57], who reported a
high prevalence of thrombocytopenia in patients with secondary Hughes syndrome
and arterial thrombosis. In a prospective study of a large cohort of thrombocy-
topenic patients, the presence of aPL was associated with an increased risk to
develop the thrombotic complications of Hughes syndrome [58]. Finally, in an arte-
rial thrombosis model in the hamster [59], monoclonal β2-glycoprotein I–depen-
dent aPL promoted thrombus formation and were immunohistochemically
localized on individual platelets within the platelet-rich thrombi. Cellular activation
via the Fc portion was not essential because the F(ab)2 fragments of the antibodies
still promoted thrombus formation.

Prevalence, Clinical Course, and Management of
Thrombocytopenia

Thrombocytopenia in the Hughes syndrome rarely requires treatment, because it is
seldom associated with major bleeding [60, 61]. Among the 293 cases enrolled in the
Italian Registry [6], the prevalence of thrombocytopenia was 26%, 32 patients (11%)
had platelet counts below 50,000/mm3 and only 2 of them (6%) showed severe
bleeding complications. Therefore, the prevalence of major hemorrhagic events in
Hughes syndrome does not appear significantly different from that reported for
idiopathic thrombocytopenic purpura [62].

Thrombocytopenia has been associated with a high risk of mortality in patients
suffering from SLE [63]. By univariate analysis, thrombocytopenia and arterial
thrombosis were the only phospholipid-related manifestations statistically associ-
ated with mortality in 658 patients with SLE (P < 0.001 and P = 0.02, respectively).
Unfortunately, the authors did not state whether and to what extent bleeding com-
plications accounted for the death of their patients; therefore, it is possible that
thrombocytopenia was simply associated with a more severe disease.

Some authors have speculated about the possibility that thrombocytopenia
selects a population of patients with aPL antibodies at particular risk for the devel-
opment of SLE [13], but few data exist to support this. Indeed, the first 4-year
follow-up analysis of the patients enrolled in the Italian Registry of
Antiphospholipid Antibodies study indicates that the rate of progression to overt
SLE is low, 0.28% patients/year [5], irrespective of whether thrombocytopenia is
present or not. Similar data have been reported by Stasi et al [64], who performed a
long-term follow-up observation of 208 patients with idiopathic thrombocytopenic
purpura. These authors identified only 4 patients who developed laboratory or clin-
ical features consistent with SLE or other overt autoimmune diseases over a median
follow up of 92 months.

Thrombocytopenia in Hughes syndrome rarely requires treatment. However,
when this becomes necessary, the same policy as for idiopathic thrombocytopenic
purpura should be considered [65]. Two large series of thrombocytopenic patients
have been evaluated for treatment outcome according to their aPL status [18, 58]:
corticosteroids, splenectomy, and intravenous immunoglobulins produced
response irrespective of the presence of aCL. Most of the patients were treated with

572 Hughes Syndrome



corticosteroids and splenectomy. As expected, corticosteroids produced a similar
low rate of sustained response in patients with or without aCL (15% and 17%,
respectively). Splenectomy was performed in 23 patients; sustained responses were
obtained in approximately 60% in both groups. Therefore, the presence of aPL did
not seem to affect the treatment outcome. Surgery in these cases should be consid-
ered with caution because of the risk of both bleeding and thrombosis.

The anti-CD20 monoclonal antibody Rituximab has been used to treat idiopathic
thrombocytopenic purpura. Sustained increase of platelet count has been reported
in 28% to 54% of thrombocytopenic patients refractory to several lines of treat-
ments [66–69]. Little is known about its use in thrombocytopenic patients with aPL,
as only 1 pediatric case has been reported so far [70]. Rituximab must be used with
caution, because in occasional patients it has been associated with induction or
exacerbation of autoimmune diseases, including acute agranulocytosis [71] and
lupus thrombocytopenia [72].

Acquired defects of platelet function have been estimated to occur in as many
as 40% of the patients with aPL [65]. Impairment of platelet aggregation has been
found in the course of opportunistic infection in acquired immune deficiency syn-
drome patients with aPL [73] and reduced adhesion to subendothelium has been
observed by Orlando et al [74]. Other defects include storage pool disease,
isolated defects in response to epinephrine or collagen, and impairment of throm-
boxane B2 synthesis [34]. In vitro experiments performed with the immunoglobu-
lin fractions isolated from patients’ plasma led to the suggestion that aPL might
be responsible for these acquired qualitative platelet defects [73, 74]. However,
the evidence is inconclusive, because only in a few cases were affinity-purified aCL
tested. Even though the bleeding time is generally prolonged, the defect are not
associated with significant hemorrhagic complications, unless another risk factor
co-exists. Therefore, defective platelet function need only be sought in case of
unexplained bleeding in aPL-positive patients on antithrombotic treatment.
Treatment of hemorrhagic complications not associated with thrombocytopenia
remains an open question. Only a few case reports have been published: corticos-
teroid administration and plasma exchange have been found useful anedoctally
[75, 76].

Prevalence and Treatment of Thrombosis in Relation to
Thrombocytopenia

Thromboembolic events are the most common manifestation of Hughes syndrome.
When their prevalence is evaluated according to the platelet number, it appears that
severe, but not moderate thrombocytopenia protects, at least partly, against throm-
bosis. The Italian Registry [6] reported that 32% of moderately thrombocytopenic
patients (platelet 50,000–100,000/mm3) experienced at least 1 thrombotic event
compared with 40% of patients with normal platelet count. Conversely, severe
thrombocytopenia (platelet < 50,000/mm3) was associated with a lower prevalence
of thrombosis (9%). These retrospective data have been confirmed by the 4-year
follow-up analysis of patients enrolled in the Italian Registry of Antiphospholipid
Antibodies [5]. No significant differences in the incidence of thrombosis were found
between patients with a normal platelet count (2.54% patients/year) and those with
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moderate thrombocytopenia (3.9% patients/year). Again, a lower incidence (0.95%
patients/year) was observed in severely thrombocytopenic patients. This difference
did not reach statistical significance, probably because of the relatively low number
of patients with thrombosis (7 out of 56 patients with mild thrombocytopenia vs. 2
out of 52 severely thrombocytopenic patients).

Thrombotic complications may occur in spite of a very low platelet count, as
Nojima et al [57] pointed out. This raises concern in the management of throm-
boembolic events when thrombocytopenia is also present.

By retrospective analysis, 2 studies [77, 78] showed that long-term high-intensity
warfarin therapy [prothrombin international normalized ratio (INR) > 3.0] confers
better antithrombotic protection than low-intensity warfarin and/or aspirin. Three
studies analyzed the risk of recurrence of thrombosis of aPL-positive patients in
relation to the intensity and duration of oral anticoagulation [79–81]. Two of them
[80, 81] agreed on the benefit from a prolonged secondary prophylaxis with oral
anticoagulants aimed at maintaining a PT INR range of 2.0–3-0. The third group
[79], conversely, found a similar rate of recurrence of thrombosis in patients with
and without aPL after discontinuation of oral anticoagulation.

The decision about the duration and intensity of oral anticoagulation must be
weighted against the risk of hemorrhage. Rosove and Brewer [77] and Khamashta et
al [78] reported an incidence of significant hemorrhagic complications of 3.1% and
7.1% patients/year, with an incidence of life-threatening bleeding events of 1.9%
and .7 patients/year, respectively. These figures are somewhat higher than the 1%
patients/year incidence of major bleeding reported in patients with prosthetic heart
valve replacement, who are similarly on high intensity oral anticoagulation (PT INR
3.0–4.5) [82]. In anticoagulated patients with Hughes syndrome one cannot exclude
the possibility that thrombocytopenia (or, less frequently, a platelet function defect)
may play a role, at least partly, in the development of hemorrhagic complications.
Unfortunately, neither study specifically addressed this problem, because no state-
ment was made regarding platelet count at the time of bleeding events. The survey
of the Italian Registry of Antiphospholipid Antibodies reported major bleeding in 3
patients under oral anticoagulation: 1 was thrombocytopenic and experienced a
fatal cerebral hemorrhage [5].

Three randomized, multi-center, prospective studies have addressed the issue
of the optimal intensity of oral anticoagulation to prevent recurrence of arterial
and venous thrombosis in Hughes syndrome [83–85]. The study by Crowther et al
[83] evaluated the rate of venous thrombosis recurrence and haemorrhage of APS
patients assigned to moderate- (PT INR 2.0–3.0) or high-intensity (PT INR
3.0–4.0) warfarin treatment. Patients with platelet counts below 50,000/mm3 were
excluded from randomization. The annual risk of major bleeding was 2.2% in the
moderate-intensity group, and 3.6% in the high-intensity group. Overall, 19% of
patients in the former and 25% in the latter group had at least 1 episode of
bleeding.

The WAPS study [85] compared moderate- (PT INR 2.0–3.3) with high-intensity
(PT INR 3.0–4.5) warfarin treatment for the prevention of recurrence of venous and
arterial thrombosis in APS patients. Also this study excluded patients with platelet
counts below 50,000/mm3 from randomization. Patients assigned to receive high-
intensity treatment experienced more bleeding complications (27.8% vs. 14.6%,
hazard ratio 2.18, 95% confidence interval, 0.92-5.15), even though the prevalence of
major hemorrhagic events was similar in the 2 groups.
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In both studies, the rate of thrombotic recurrence was similar in the 2 treatment
arms, clearly indicating that warfarin aimed at a target PT INR of 2.3–3.0 is the
treatment of choice because it has the highest efficacy and safety profile.

The APASS study [84] compared the 2-year rate of recurrence of any thrombosis
in patients who – after a first documented stroke – were assigned to either moder-
ate-intensity warfarin therapy (PT INR 1.4–2.8) or aspirin (325 mg/day). The study
did not show difference in the rate of thrombotic recurrence of aPL-positive (22.2%)
compared to aPL-negative (21.8%) patients. Among aPL-positive patients, aspirin
and warfarin treatments were associated with similar rates of recurrence (22 and
26% after 2 years, respectively). Unfortunately, bleeding complications were not
among the end points of the study, which neither provided information as to
whether thrombocytopenia was an exclusion criterion.

Based on the results of these studies, moderate-intensity warfarin appears the
treatment of choice to prevent recurrence of thrombosis of APS patients. Aspirin is
also a good choice to prevent recurrence of non-cardiogenic stroke. The issue of
the most appropriate antithrombotic treatment of thrombocytopenic APS patients
(platelet count below 50,000/mm3) still remains to be established.

Conclusions and Future Perspectives

Moderate thrombocytopenia is frequent in Hughes syndrome and, as a rule, does
not modify the policy for treatment of thrombosis. Severe thrombocytopenia is rela-
tively uncommon and it is seldom associated with bleeding events. When required,
its treatment is similar to that of idiopathic thrombocytopenic purpura. Finally,
much clinical and laboratory work is still required to elucidate the role of aPL anti-
bodies and platelets in the pathogenesis of the thrombotic complications typical of
Hughes syndrome.
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46 The Future of Hughes Syndrome
Michael D. Lockshin

Five years ago, in these pages, at the request of the editors, I speculated about the
future of the antiphospholipid antibody (aPL) field. I argued for more precise clini-
cal distinctions and for answers to several explicit biological questions and noted
the absence of the large-scale clinical collaborations that are necessary for clinical
studies to advance. Progress since then has been considerable. Table 46.1 lists the
questions I raised in 2000 and compares them to the answers available in mid-2004.

What a remarkable period it has been! Many of the old questions have been
answered and much new information has accrued. Major contributions have come
from Asia and Europe, from the Middle East and Africa, from Australia and all the
Americas. Consensus statements from the 10th International Antiphospholipid
Antibody meeting in Taormina helped standardize vocabularies, clinical
approaches, priorities, and more consensus documents will come from the meeting
in Sydney in late 2004. Investigators in the Hughes syndrome field have learned to
analyze separately, in treatment and prognosis studies, patients with arterial throm-
boses from those with venous thromboses or with pregnancy loss only. Most clinical
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Table 46.1. Desires for the Hughes Syndrome field in 2000 and status of those desires in 2004. Those items indicated by
asterisk are less close to resolution. 

2000 questions 2004 status

Clinical distinctions to make
Hughes syndrome vs. non-immunological coagulopathies Distinct but similar causes of thrombosis are now understood
Patients with pregnancy loss vs. venous vs. arterial Need for separate patient groups for treatment and outcome 

thrombosis studies now understood, but not enacted
Onset of antibody vs. onset of clinical illness Antibody known to be present 10+ years before syndrome
Causes of thrombosis *Trigger causes suspect, none identified

Biological questions
Specifics of antigen and antibody *Greater detail known, no defined pathogenesis as yet
Mechanisms of coagulation *Greater detail known, no defined pathogenesis as yet
Mechanisms of valvulopathy, nephropathy, livedo *Not understood 
New animal models Additional model available, more information on current 
Interpretation of discordant aCL/LAC/β2-GP1 models

*Not understood 

Needs
Establishment of consortia for clinical trials APSCORE, EuroPhospholipid Consortium, others
Clean descriptions of outcomes Prospective studies underway



studies now carefully distinguish between patients with the primary and those with
the secondary form of the syndrome. The distinctions are critical for prospective
studies, especially those on treatment. Prospective studies that actually make these
distinctions, however, have only just begun; definitive answers will not be available
for another few years.

Thrombosis is the defining feature of Hughes syndrome. Simple thrombosis does
not explain many of the syndrome’s aspects, however, and it is possible that antico-
agulation will prove to be an incomplete, insufficient treatment for many of its
symptoms. Statins may have a therapeutic role for reasons related to their effects on
endothelium or inflammatory mechanisms. We do not yet understand the patho-
genesis of, and cannot assume the effectiveness of anticoagulation for livedo, valvu-
lopathy, cognitive dysfunction (with or without hyperintense brain lesions on
magnetic resonance imaging), or renal thrombotic microangiopathy. The reasons
for the sudden occurrence of the catastrophic antiphospholipid syndrome (CAPS)
remain a mystery, as do those for pulmonary hemorrhage. We now know that aPL
arises years if not decades before clinical illness, a fact that encourages us to main-
tain clear distinctions between etiological agents and triggers of clinical events and
between aPL and Hughes syndrome itself. How the separate parts of the concatena-
tion of illness – genetic susceptibility, antibody acquisition, first clinical event, and
long-term complications – relate to one another is unclear. We are now more aware
of surgical risk and of risk of losing renal transplants to thrombosis despite prophy-
laxis. Systematic cross-sectional studies may have excluded one hypothesis preva-
lent in 2000, that aPL induces accelerated atherosclerosis; other clinical correlations
remain true. Very simple facts – What is the risk in a given circumstance for a new
thrombosis? What are the effects of contributing factors, such as smoking, oral con-
traceptive treatment, or surgery on thrombosis risk? – remain to be defined.

The basic science of this field has also advanced rapidly but has yet to yield
definitive answers. We now know a great deal about the binding properties of aPL;
its avidity and valence; the peptide and tertiary structure of and the effect of
directed point mutations and deletions on β2-glycoprotein I; the relationships
between aPL and antibodies to other phospholipid binding proteins, such as pro-
thrombin; and the roles in the syndrome of plasmin, tissue factor pathway
inhibitor, and other effectors or markers of thrombosis and fibrinolysis. New
animal models for thrombosis, knock-outs and mutated animals, and animal
models for neurologic disease assist us to understand pathogenesis. Animal muta-
tions and modulations demonstrate a requirement for complement activation in
experimental pregnancy loss. Animal preparations that monitor in vivo adhesion of
cells or cell particles in flowing blood may serve as tests of treatment efficacy. In
humans, the roles of endothelial cell and platelet activation in clinical events have
been studied in detail. Studies on microbial peptides that cross-react with β2-glyco-
protein I suggest etiologies and potential treatments. But, oddly, compared to other
(rheumatic) illnesses, the science of Hughes syndrome has accrued less informa-
tion about its genetics, potential roles (if any) of cytokines, functions or abnormali-
ties of specific immunocytes, cell surface markers, and cell activation cycles. Is this
because thrombosis is thought not to be immunologic or because Hughes syndrome
is not thought to be a systemic autoimmune disease? Or is it that, absent evident
immune attack, these sciences do not apply?

Despite thousands of papers, the clinical needs of this field remain great.
Standardization of clinical definitions among studies is an absolute requirement, a
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process clearly aided by the Taormina consensus statements and by the creation of
large consortia, such as the Euro Phospholipid Project and APSCORE (the
American consortium). We have just begun to enter the era of prospective, random-
ized, clinical trials – dose ranging for warfarin for secondary prevention of throm-
bosis, dose ranging for heparin for prevention of pregnancy loss, and in-progress
but not yet reported trials for asymptomatic patients with aPL: aspirin/placebo
(APLASA in the United States) or aspirin/warfarin (ALIWAPAS in Britain) – which
are necessarily large scale and long-term, because proof of success is absence of new
thrombotic events. We lack clinical trials that test alternatives to warfarin–platelet
and endothelial cell inhibitors and non-anticoagulant treatments. Patients through-
out the world receive ad hoc treatments that lack an evidence base, rituximab, for
instance, and antithrombins and the newer antiplatelet agents. We learn of these in
anecdotes but have yet to see prospective controlled trials. New hypotheses of
pathogenesis such as complement activation in pregnancy loss are beginning to be
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Table 46.2. Future needs for antiphospholipid antibody and Hughes syndrome.

Clinical
Prospective studies
Seropositive clinically well patients
Withdrawal of treatment
Pathogenesis studies

Valve disease
Livedo
Nephropathy
Hyperintense brain lesions on MRI
Renal transplant thrombosis

Treatment 
Non-warfarin inhibitors of coagulation: antiplatelet, antithrombin
Biologics
Peptides (particularly in prevention)
Complement inhibitors

Etiology and mechanism
Etiologic agent
Trigger factors
Mechanisms
Endothelial activation
Thrombosis 
Thrombocytopenia
Relationship with other hypercoagulable states

Annttiboddyy
Measurement
Absolute standards
Variability, discrepancies among LAC, aCL, anti–β2GPI
Molecular biology
Function and modulation

Pathogenic vs. non-pathogenic antibody

Molecular genetics?
Cytokines?
Cell signaling?



tested; if the hypotheses prove true, treatment trial opportunities will broaden, and
targeted immunodulators will be tried.

Very little information is available concerning pathogenesis or treatment of
Hughes syndrome–associated valve disease, livedo, brain lesions, cognitive dysfunc-
tion, the multiple sclerosis-like syndrome, or catastrophic syndrome. We know next
to nothing about identification or mechanisms of triggers or about how to measure
disease activity. Though many hypercoagulable states are known, we do not truly
understand the relationship among them to Hughes syndrome. If there is truly a
pathogenic and a non-pathogenic version of aPL, we do not know. These are all
topics ready for exploration. Cytokine profiles, genetic predisposing factors, RNA
and gene activation patterns, cell surface markers and cell activation need to be
explored, even though contemporary work does not suggest that exploration of
these areas will be revealing. Table 46.2 lists topics likely to be valuable for future
research.

The past half decade has been the most exciting period yet in the field of aPL and
Hughes syndrome. As the field prepares to enter its second quarter-century, oppor-
tunities abound to explore the illness’ etiology, to define the pathogeneses of its dis-
parate elements, to describe its natural history, to perform conclusive treatment
trials, and to target interventions to specific disease mechanisms. At the current rate
of progress, and with the science and patient bases now in place, when the next
edition of this book is printed we may be speaking of cures.
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