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Abstract: Antiphospholipid Antibody Syndrome (APS) is a highly prevalent cause of antibody-mediated thrombosis
manifesting in venous thrombosis (DVT and PE), arterial thrombosis (most commonly stroke), and pregnancy
complications. The diagnosis of definite APS requires both clinical and laboratory criterion as established by the working
group of the International Congress on Antiphospholipid Antibodies (based on expert opinion). Since thrombosis and
pregnancy loss are common in the general population, and antiphospholipid antibodies (aPL) occurs in a small percentage
of the healthy public, it is important to demonstrate antibody persistence in patients who have the proper clinical
indications in order to avoid misdiagnosis. Unfortunately, laboratory testing in this area lacks standardization, resulting in
wide inter-laboratory variance. However, due to the commercialization of tests and automation, inter-laboratory variance
has improved. Data on several new non-criterion tests suggest that they may improve the specificity or risk stratification
for thrombosis. A new guidance document on aPL testing strives to achieve better consistency, but much work remains to

be done in the area of standardization.
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INTRODUCTION

In the early 1980’s, Graham Hughes and colleagues
described the association between antibodies against
phospholipid (aPL) and thrombosis, spontaneous abortion,
neurologic disease, thrombocytopenia,  pulmonary
hypertension, and livedo reticularis [1]. This disease was
originally named the anticardiolipin syndrome and then
primary antiphospholipid syndrome (APS), APS differs from
classic SLE in that many affected patients lack features of
underlying connective tissue diseases (CTD) [1]. The
International Congress on Antiphospholipid Antibodies
(aPL) first convened in London, UK, in 1984, reconvening
every 2-3 years thereafter. A major accomplishment of the
congresses has been the establishment of classification
criteria for APS. While the original intent of the
classification criteria to compare and risk stratify patients in
clinical studies, they have been adopted as diagnostic criteria
in routine clinical practice. In 1998 the Congress working in
Sapporo, Japan established the first diagnostic criteria
(Sapporo Criteria) for “definite” APS which were then
updated in 2006 (Sidney Criteria) [2].

The term secondary APS has been used in the literature
to describe patients with APS who also have other
autoimmune disease, usually SLE. However, the clinical
consequences of aPL appear to be similar for patients in
these two categories. It is unclear whether the pathogenesis
of APS and secondary APS results from two distinct
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processes, a predisposition to develop additional antibodies,
or if APS and SLE are part of the same spectrum. For
purposes of classification, it is recommended that “SLE” or
“other CTD” be documented rather than APS [2]. Similarly,
patients should be recognized for the presence or absence of
additional risk factors for thrombosis (i.e. established risk
factors for cardiovascular disease, inherited thrombophilia,
oral contraceptives, nephrotic syndrome, malignancy,
immobilization, and surgery) [2].

APS is now defined as an autoimmune disorder
associated with arterial or venous thrombosis, recurrent
pregnancy loss, and persistently positive aPL. Within this
framework, the clinical and laboratory criteria are intended
to improve the specificity for the diagnosis of definite APS
(Table 1) [2]. The clinical and laboratory associations
recognized as associated with APS but not included in the
criteria are referred to collectively as “non-criteria” features

(2].

CLINICAL FEATURES

Thrombosis may occur in arterial or venous vasculature
in any tissue or organ. Objective evidence such as imaging
studies or histopathology is required for diagnosis.
Significant inflammation of the vessel wall should be
excluded to prevent misclassification of a vasculitis as APS.
A remote thrombotic event could be considered as a clinical
criterion if it was objectively documented. APS accounts for
approximately 10% of acute venous thromboembolic disease
(VTE) [3]. Deep vein thrombosis (DVT) of the lower
extremities is the most common presentation with nearly half
of patients having pulmonary embolism (PE) as well [3].
Superficial vein thrombosis is not included in the clinical
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Table 1. Diagnostic criteria [2].
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Diagnostic Criteria for Antiphospholipid Syndrome

Clinical Criteria

Laboratory Criteria

Vascular thrombosis — one or more episodes of arterial, venous or small
vessel thrombosis in any tissue or organ (confirmed by imaging or
histopathology)

Lupus anticoagulant in plasma on two occasions at least 12 weeks apart

Recurrent pregnancy loss (after >10 weeks’ gestation, or 3 after <10 weeks’
gestation) or one or more premature births due to pregnancy complications

Anticardiolipin antibodies of IgG and/or IgM isotype on two occasions at
least 12 weeks apart

Anti-B2-GPI antibody of IgG or IgM isotype on two occasions at least 12
weeks apart

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

Ig, immunoglobulin; GPI, glycoprotein-I.

Antiphospholipid syndrome is considered to definitely present when at least one clinical criterion and one laboratory criterion are met.

criteria [2]. The most frequent site for arterial thrombosis in
patients with APS is the cerebral vasculature resulting in
transient ischemic attacks stroke, or both [4]. In patients < 45
years old, more than 20% of the strokes are associated with
APS [5].

Non-criteria features include livedo reticularis, cardiac
valve disease, thrombocytopenia, and nephropathy [2]. For
each of the aforementioned, aPL-associated definitions exist
[2]. The expert committee in Sydney considered the adoption
of these associations as independent criteria, but felt that
they decreased the specificity for definite APS [2].

Approximately 10-15% of women with recurrent
miscarriage are diagnosed with APS [6]. Pregnancy
associated morbidity is challenging because no widely
accepted definition of placental insufficiency or
characteristic histopathologic placental abnormality in APS
exists. Therefore, to avoid misclassification, experts
recommend strict adherence to standard clinical definitions
of eclampsia, severe preeclampsia, and placental
insufficiency [2]. Non-criteria obstetric morbidity associated
with APS includes placental abruption, late premature birth,
two unexplained miscarriages, and two or more unexplained
in vitro fertilization failures [7, 8].

Catastrophic APS (CAPS) is a variant that occurs in less
than 1% of patients with APS. It is characterized by sudden
extensive microvascular thrombosis in three or more organs

Table 2. Indications for antiphospholipid antibodies testing.

leading to multi-organ failure [9-11]. Mortality is very high
(approaching 50%) [11].

aPL may be detected in 1-3.5% of the healthy population
and associated with, systemic autoimmune diseases, certain
drugs (i.e. antipsychotic, antiarrhythmic), infection (i.e.
HCV, HIV, VZV, syphilis), malignancy, and advancing age
[12, 13]. This may be due to neo or cryptic epitope
expression, or molecular mimicry [14]. In addition,
thrombosis, pregnancy loss, and transient aPL positivity are
common. Therefore, the pretest probability of APS is
improved by testing patients with specific clinical
indications (Table 2) [4, 15].

LABORATORY EVALUATION

aPL describes a heterogeneous group of antibodies against
anionic phospholipids or protein complexed phospholipids.
Assays used in the evaluations are either solid phase
(immobilized antigen) or liquid (clot based). Cardiolipin is the
most common phospholipid substrate. Beta-2 Glycoprotein
(BGPI) and Prothrombin are the most common phospholipid
bound proteins inhibitors in APS. Lupus anticoagulants are
immunoglobulins (IgG, IgM/mixture), which interfere with one
or more of the in vitro phospholipid (PL) dependent steps of
coagulation, resulting in prolonged coagulation tests (i.e. aPTT,
or dilute Russell Viper Venom Time [dRVVT])).

Indication for Antiphospholipid Antibody Testing

Consider testing in all patient with:

0 Unprovoked proximal DVT or PE especially in the young or in those with thrombosis at unusual sites

. Recurrent thrombosis

. Young adults (<50 years) with ischaemic stroke

. Systemic lupus erythematous or those with autoimmune disease and thrombosis

. Recurrent pregnancy loss or pregnancy complication with premature birth

. Unexplained thrombocytopenia

. Livedo reticularis

. Thrombosis is an unusual site: retinal vein, portal, cerebral venous sinus, renal vein

DVT, deep vein thrombosis; PE, pulmonary embolism.
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ANTICARDIOLIPIN/ANTI-BETA-2 GLYCOPROTEIN
ANTIBODIES

Anticardiolipin (aCL) and anti B,GPI antibodies are
usually assessed using solid phase assays. The most common
platform is the enzyme-linked immunosorbent assay
(ELISA), although fully automated chemiluminescent assays
have been recently introduced. Cardiolipin or B,GPI is
immobilized on the bottom of a well on a polystyrene plate
to which the immunologic reaction with patient sample
(serum or citrated platelet poor plasma) occurs. For aCL
assays human [(,GPI is recommended as an additional
reagent, thus transforming the assay into a 3,GPI -dependent
aCL and a more specific assay [16]. Since both assays use a
source of human B,GPI, a high correlation between modern
aCL B,GPI assays is often observed. Indeed, aCL and B,GPI
positivity of the same isotype reinforces the probability of
APS.

Medium and high titers of aCL are associated with the
clinical manifestation of APS. Use of Secondary standards
(i.e. Harris Standards), are often used to establish thresholds
for positivity. They are made by mixing varying quantities of
high positive with normal sera, and expressed as IgG or IgM
antiphospholipid units (GPL or MPL). The Sapporo criteria
established a threshold of >40 MPL or GPL as the laboratory
criteria for medium aCL positivity [17]. Alternatively a
threshold of >99™ percentile of normal controls may be used
as the cutoff point for positivity for both aCL and anti-,GPI
antibodies [2]. In contrast to aCL, anti-B,GPI antibodies are
expressed in arbitrary units. Persistent positivity of aPL is an
important criterion for definite APS since transient aPL is
not infrequent in clinical practice. Per expert opinion
outlined in the Sydney criteria, a time interval of at least 12
weeks and no more than 5 years must occur between positive
tests [2].

No gold standards or international standardization of aPL
testing exists, because aPL assays may vary in performance
characteristics, interferences, standards and calibrators,
quality control, result expression, cut-off values and result
interpretation. Consequently inter-laboratory results vary
greatly, whereas intra-laboratory results are more consistent.
False positive results may be seen with rheumatoid factor
(RF), heterophile antibodies, human anti-animal antibodies,
high levels of monoclonal immunoglobulin, and cryoglo-
bulins, particularly with IgM aCL [18]. The association of
false positive RPRs (reagent that contains cardiolipin) and
positive aCL by ELISA was described by Harris ef al. [19].
The frequency of this association was examined in a large
nationwide series of pregnant women in which the authors
reported a titer dependent association in 1/3 to half of the
patients studied [20].

Table 3.

LA

Failure to prepare platelet poor plasma could mask LA diagnosis
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LUPUS ANTICOAGULANT

Diagnosing a lupus anticoagulant requires four criteria:
(1) an abnormal clot-based screening test (preferably with
dilute phospholipid); (2) demonstration of an inhibitor on
mixing study, (3) demonstration that the inhibitor is PL
dependent (confirmatory test); and (4) exclusion of other
coagulopathies that could give false positive LA results (i.e.
specific Factor inhibitors or high dose anticoagulant therapy)
[21, 22]. Weak LA may be difficult to diagnose as results
typically border the cut-offs, however, weak LA should be
considered positive if the clinical scenario is appropriate and
other causes of clot have been excluded [23]. Recently three
sets of guidelines have been published on LA testing that
address the selection of assays, sequence of testing, cutoffs,
mixing study technique and interpretation, testing patients on
anticoagulant therapy, and interpretive reporting [24].
Although the guidelines have significant overlap and adhere
to the basic core of LA diagnosis outlined above and the
need for interpretive reporting, they differ in the finer details.
Testing patients on anticoagulants with warfarin and
unfractionated heparin is generally acceptable because a
source of normal plasma and/or a heparin neutralizer are
incorporated in the assay. However, this approach is limited
to patients with INRs < 3.5 or receiving unfractionated
heparin < 1.0 IU/ml unless otherwise specified by the
manufacturer. For the target specific oral anticoagulants,
testing at the trough is suggested if patients cannot be
evaluated off drug [23]. The laboratory issues affecting the
performance or interpretation of aPL are summarized in
Table 3.

Antiphospholipid antibodies as thrombosis risk factors
are not all equivalent. For example, higher antibody titer is
considered to indicate a higher risk for thrombosis [23]. LA
has been shown to be a stronger risk factor than aCL and
anti-B,GPI [25-27]. Patients with triple aPL positivity [28]
(LA positive, IgG or IgM aCL > 40GPL, IgG or IgM anti-
B2GPI > 99th percentile) are at the highest risk for venous
and arterial thrombosis and for obstetric complications. In
view of these findings, all 3 tests should be performed on the
same blood sample, and results should be accompanied by an
integrated interpretation with comment [23]. Three risk
prediction models have been developed to quantify the risk
of thrombosis or obstetrical events in APS [23]. They all aim
to assist physicians in stratifying the patient’s risk in a
similar manor to the prediction models used for
cardiovascular disease (i.e., Framingham or Reynolds risk
score). While these risk scores may have great potential to
support clinical decision making, they still need to be
independently and prospectively validated.

Laboratory issues affecting the performance or interpretation of aPL.

ACL and anti B2GPI

No international standard (calibrator) or units

. Different reagents sensitivity to LA
. Weak LA may be difficult to diagnose

Positivity related to laboratory established cut-off values — inter-laboratory
variability

False positive results from anticoagulants and specific Factor inhibitors
(i.e. FV or FVIII inhibitors)

False positives results with RF, heterophile antibodies, human anti-animal
antibodies, high level of monoclonal immunoglobulins
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A task force in association with the 14™ International
Congress on Antiphospholipid Antibodies has recently
summarized the current data on non-criteria aPL [23]. The
review included IgA aPL, tests for antibodies to negatively
charged phospholipids and to phosphatidylethanolamine
(aPE), antibodies to prothrombin and phosphatidlyserine/
prothrombin complex, and finally antibodies to the domain 1
portion (DI) of B,GPI [23]. Some of the more compelling
associations reported include IgA anti-B,GPI positivity as a
risk factor for thrombosis and pregnancy loss in SLE
patients; and anti-PS/PT and D1 antibodies as a risk factor
for thrombosis. aPhL, a mixture of phospholipids, was also
thought to be more specific than aCL in discriminating APS
from non-APS [23]. Seronegative APS is the clinical
correlate to non-criteria aPL [4]. Patients with seronegative
APS have clinical manifestations highly suggestive of APS
but are negative for the criteria aPL [4]. Future APS
congresses will have to weigh the evidence and decide what,
if any, additional aPL to include as new laboratory criteria.
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